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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 sustainable1 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. 
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1 In its current form, human / society needs are met without compromising the needs of future generations. The concept of 
άsustainableέ 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) έ²ƻǊƭŘ /ƻƳƳƛǎǎƛƻƴ ƻƴ 9ƴǾƛǊƻƴƳŜƴǘ ŀƴŘ 
Developmentέ in мфутΦ Lƴ ŀŘŘƛǘƛƻƴΣ мт ƻōƧŜŎǘƛǾŜǎ ƘŀǾŜ ōŜŜƴ ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǘƘŜ άнлол !ƎŜƴŘŀ ŦƻǊ {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘέ 
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 -нрнΦттϲ/Φ ¢ƘŜ ǾƻƭǳƳŜ ƻŦ ƭƛǉǳƛŘ ƘȅŘǊƻƎen 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 / H2) (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 ŜƴŜǊƎȅ ǎŜŎǘƻǊΦ 9ǎǇŜŎƛŀƭƭȅ ƛƴ ǘƘŜ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǎŜŎǘƻǊΣ ǘƘŜ ŀƎŜƴŘŀ ƻŦ άŎƭŜŀƴ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴέ 

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 



  IJOESS (ISSN: 2146-1961)  DECEMBER 2020 

 

      

1117 
 

 

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 CO2 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 / source2 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 

ŀŎƘƛŜǾŜ ǘŀǊƎŜǘǎ ǘƘŜƳŜŘ άȊŜǊƻ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ŀ ŎŀǊōƻƴ-ŦǊŜŜ ŦǳǘǳǊŜέ ƳŀƪŜ ƘȅŘǊƻƎŜƴ ŀ ƳƻǊŜ ŜŦŦŜŎǘƛǾŜ ǊŜǎƻǳǊŎŜΦ Lƴ 

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 energy3 

by thermochemical methods, especially by steam reformation4 from natural gas, as well as from biomass5 and 

solar energy6, 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 

ŎŀǊǊƛŜŘ ƻǳǘ ǘƘǊƻǳƎƘ ǇƛǇŜǎ ŀƴŘ ǘŀƴƪŜǊǎ ό!ǎƭŀƴ ϧ mȊŎŀƴΣ нллуΥ мрфύ. 

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 ɕC and is 
broken down into oxygen by hydrogen. 
4 Decomposition of methane in natural gas from carbon by steam between 700C-100 ɕC. 
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 ɕC-1750 ɕC 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). 

 

Figure 1. Global Hydrogen Production (according to the type it was obtained) 

* estimated 

** Direct Reduced Iron (Direct Reduced Iron) 

Source: IEA, 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 reduction7 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 
ōŜ ŀŎƘƛŜǾŜŘ ǘƘŀǘ ŀƭƭƻǿǎ ǘƘŜ ƳŜǘƘƻŘ ǘƻ ά5ƛǊŜŎǘ wŜŘǳŎǘƛƻƴκ5w tǊƻŎŜǎǎŜǎέ ŀǊŜ ŎŀƭƭŜŘΦ ¢ƘŜ ǊŜǎǳƭǘƛƴƎ solid product is also called 
ά{ǇƻƴƎŜ LǊƻƴκ{ǇƻƴƎŜ LǊƻƴέ ŘǳŜ ǘƻ ƛǘǎ ƘƛƎƘ ǇƻǊƻǎƛǘȅΣ ǿƘƛŎƘ ƎƛǾŜǎ ƛǘ ŀ ǎǇƻƴƎȅ ŀǇǇŜŀǊŀƴŎŜ όLǊƻƴ {ǘŜŜƭ {ǘƻǊŜΣ нлнлύΦ 
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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). 

 

Figure 2. Hydrogen Fuel Station8 

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 (T¢hΣ нллфΥ млнΤ mȊŘŜƳƛǊ ϧ aǳǘƭǳōŀǒΣ нлмфΥ нл-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 -нрнΦттϲ/Σ ƛǎ ǎǘƻǊŜŘ ƛƴ ǎǇŜŎƛŀƭ ǘŀƴƪǎΦ {ǘƻǊŀƎŜ ƻŦ ƭƛǉǳƛŘ 

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 



  IJOESS (ISSN: 2146-1961)  DECEMBER 2020 

 

      

1122 
 

 

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 

ŀŎǘƛǾƛǘƛŜǎΣ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŘŜǾŜƭƻǇƳŜƴǘǎΣ ŜǘŎΦύ ό!ȅŘƤƴ ϧ hǊŀƭΣ нлмуΥ нруύΦ 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). 
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Figure 3. Technological Levels of Hydrogen Vehicles in Transport And Transport Sectors9 

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 electrolyte10, 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 

 
9 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 (H2) and oxygen (O2) 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; 

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

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

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

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

electrical efficiency 40 %) 

Á alkaline fuel cell (operating temperature: room temperature--250 C, electrical efficiency 60-70 

%) ό9±/95Σ нлмфΤ ¸ƤƭŘƤǊƤƳΣ нлммΥ млύΦ 

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

historical context; 

¢ƘŜ ǇǊƛƴŎƛǇƭŜǎ ƻŦ ǘƘŜ ŦǳŜƭ ŎŜƭƭ ŦƛǊǎǘ /Φ Lǘ ǿŀǎ ŦƻǳƴŘ ōȅ CǊƛŜŘǊƛŎƘ {ŎƘǀƴōŜƛƴ ƛƴ муоуΦ Lƴ мупоΣ ²Φ wƻōŜǊǘ DǊƻǾŜ 

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 

[ŜƻƴŀǊŘ bƛŜŘǊŀŎƘ ǿƻǊƪŜŘ ƻƴ ǘƘƛǎ ŘŜǎƛƎƴ ǘƻ ƛƳǇǊƻǾŜ ƛǘΦ ¢ƘǳǎΣ ǘƘŜ ŦǳŜƭ ŎŜƭƭΣ ǿƘƛŎƘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜέ DǊǳōō-

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 space11 ǇǊƻƧŜŎǘ ŎŀƭƭŜŘ άDŜƳƛƴƛέΦ Lƴ мфрфΣ CΦ ¢ƘƻƳŀǎ .ŀŎƻƴ 

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 (SiO2) 

membrane12 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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braking13), the third is the use of technology based on generating electricity using fully electric vehicles and 

finally fuel cells and thus moving the vehicle.  

IȅŘǊƻƎŜƴ ǾŜƘƛŎƭŜǎ ŀǊŜ ōǊƛŜŦƭȅ ŎŀƭƭŜŘέ ŦǳŜƭ ŎŜƭƭ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜǎ κ ŦǳŜƭ ŎŜƭƭ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜ όC/9±ύϦΦ 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 

ό{ŀǊƤƎǸƭΣ нлмсύΦ hȄȅƎŜƴ ǘƘŀǘ ǊŜŀŎǘǎ ǿƛǘƘ ƘȅŘǊƻƎŜƴ ŎƻƳŜǎ ŦǊƻƳ ǘƘŜ ŀƳōƛŜƴǘ ŀƛǊΦ  

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); 

 

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 wŜƎŜƴŜǊŀǘƛǾŜ ōǊŀƪƛƴƎ όƻōǘŀƛƴƛƴƎ ŜƭŜŎǘǊƛŎŀƭ ŜƴŜǊƎȅ ŦǊƻƳ ŦǊƛŎǘƛƻƴ ŎŀǳǎŜŘ ōȅ ōǊŀƪƛƴƎύ ƛǎ ŀƭǎƻ ŀǾŀƛƭŀōƭŜ ƛƴ άtƭǳƎ-in hybrid 
ǾŜƘƛŎƭŜǎκtI9±έΦ ¢Ƙƛǎ 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). 

 

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 H2) 

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 

ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘŜŘ ŦǊƻƳ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎ ƛǎ ŘŜǎŎǊƛōŜŘ ŀǎ άƎǊŜŜƴ ƘȅŘǊƻƎŜƴέ ŀƴŘ ŘƻŜǎ ƴƻǘ ŎŀǳǎŜ 

carbon emissiƻƴǎΦ IȅŘǊƻƎŜƴ ǇǊƻŘǳŎŜŘ ŦǊƻƳ Ŧƻǎǎƛƭ ŦǳŜƭǎ ƛǎ ŎŀƭƭŜŘ άƎǊŀȅ ƘȅŘǊƻƎŜƴΦέ .ƭǳŜ ƘȅŘǊƻƎŜƴ ƛǎ ǇǊƻŘǳŎŜŘ ƛƴ 

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 (mȊŎŀƴ, 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 scale14 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 

ǘƘŜ ƴŜŀǊ ŦǳǘǳǊŜΦ /ƻǳƴǘǊƛŜǎΩ ƘȅŘǊƻƎŜƴ ǎǳǇǇƻǊǘ ƛǎ ŀǎ Ŧƻƭƭƻǿǎ ό¢ŀōƭŜ мύΦ 

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

 

Australia 

 

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. 

 

US 

 

Studies and legislation on carbon capture and storage are 
ƻƴƎƻƛƴƎΦ /ŀƭƛŦƻǊƴƛŀ ŎƘŀƴƎŜŘ ƛǘǎ έ[ƻǿ-/ŀǊōƻƴ CǳŜƭ {ǘŀƴŘŀǊŘέ ǎƻ 
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. 

 

Germany 

 

Funding is provided, including subsidies for publicly traded 
purchases of hydrogen fuel stations, fuel cell vehicles and micro 
cogeneration15, under the National Innovation Program for 
άIȅŘǊƻƎŜƴ ŀƴŘ CǳŜƭ /Ŝƭƭ ¢ŜŎƘƴƻƭƻƎƛŜǎέΦ IȅŘǊƻƎŜƴ-powered 
commercial trains began to be used. 

 

European Union 

 

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. 
¢ƘŜ 9¦ Ƙŀǎ ŜǎǘŀōƭƛǎƘŜŘ ŀ άIȅŘǊƻƎŜƴ 9ƴŜǊƎȅ bŜǘǿƻǊƪέ ŀǎ ŀ 
platform for discussing hydrogen among its member states. EU 
member states, about 100 businesses, various institutions and 
ƻǊƎŀƴƛȊŀǘƛƻƴǎΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ [ƛƴȊ 5ŜŎƭŀǊŀǘƛƻƴ άIȅŘǊƻƎŜƴ 
LƴƛǘƛŀǘƛǾŜέΣ ǿƘƛŎƘ ǇǊƻƳƻǘŜǎ ŎƻƻǇŜǊŀǘƛƻƴ ƻƴ ǎǳǎǘŀƛƴŀōƭŜ ƘȅŘǊƻƎŜƴ 
technology, have signed. 

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 It is based on electrical energy and has an installed power of 50 KW and below, allowing heat, cooling energy and 
eƭŜŎǘǊƛŎŀƭ ŜƴŜǊƎȅ ǘƻ ōŜ ǇǊƻŘǳŎŜŘ ƛƴ ƻƴŜ Ǝƻ ǿƛǘƘ ǘƘŜ ǎŀƳŜ ŘŜǾƛŎŜ όYhW9b¢«wYΣ нлмрύΦ CǳŜƭ ŎŜƭƭǎ ŀǊŜ ŜȄŀƳǇƭŜǎ ƻŦ ƳƛŎǊƻ-
cogeneration. 
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Table 1 (Continued) 

United Kingdom 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, 
ǎǳǇǇƻǊǘŜŘ ōȅ ŀ ϻ мтлƳ ǇǳōƭƛŎ ƛƴǾŜǎǘƳŜƴǘ ŦǊƻƳ ǘƘŜ LƴŘǳǎǘǊƛŀƭ 
Strategy competition Fund. 

Brazil 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. 

China 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. 

France ! άIȅŘǊƻƎŜƴ 5ŜƭƛǾŜǊȅ tƭŀƴέ ŀƴŘ млл Ƴƛƭƭƛƻƴ ŜǳǊƻǎ ƛƴ ŦƛƴŀƴŎƛƴƎ 
have been announced, as well as 2023 and 2028 targets for low-
carbon hydrogen in industry, transport and renewable energy 
storage. 

South Africa !ǎ ǇŀǊǘ ƻŦ ǘƘŜ άDǊŜŜƴ ¢ǊŀƴǎǇƻǊǘ {ǘǊŀǘŜƎȅέΣ ǎǘǳŘƛŜǎ ŀǊŜ ōŜƛƴƎ 
carried out on the use of fuel cell vehicles and buses, especially in 
public transport. 

South Korea 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. 

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

Netherlands A hydrogen roadmap was published and the section on hydrogen 
was included in the Dutch Climate Agreement. He led the first 
ƳŜŜǘƛƴƎǎ ƻŦ ǘƘŜ άtŜƴǘŀƭŀǘŜǊŀƭ 9ƴŜǊƎȅ CƻǊǳƳέƻŦ ǘƘŜ bŜǘƘŜǊƭŀƴŘǎΣ 
Belgium, Luxembourg, France, Germany and Austria in order to 
support cooperation on hydrogen in northwestern Europe. 

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

Japan 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. 

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

New Zealand A cooperation agreement was signed with Japan to work on joint 
ƘȅŘǊƻƎŜƴ ǇǊƻƧŜŎǘǎΦ ! άIȅŘǊƻƎŜƴ {ǘǊŀǘŜƎȅέ Ƙŀǎ ōŜŜƴ ƛŘŜƴǘƛŦƛŜŘΦ ! 
Green Investment Fund was created for firms to invest in 
hydrogen. 

Source: IEA, 2019: 21-22 
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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). 

 

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). 

 

Figure 7. Distribution Of Hydrogen Refueling Stations On A Global Basis 

Source: H2Stations, 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 H2Station 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). 

 

Figure 8. Numerical Development Of H2 Refueling Infrastructure Based On Regions On A Global Scale (2010-
2019) 

Source: H2Stations, 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 (H2Stations, 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 seawater16 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 4.017 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 

ŘƛǎǎŜƳƛƴŀǘŜ ǘƘŜ ǳǎŜ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎƻǳǊŎŜǎ όtŜƪŜǊ ϧ !ǊǎƭŀƴƻƐlu, 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 H2 bubble collects inside the device as it floats upwards, while O2 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 

ŎƻǳƴǘǊȅ ƛƴ ƘȅŘǊƻƎŜƴ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ ŀǇǇƭƛŎŀǘƛƻƴǎΦ {ƻ ƳǳŎƘ ǎƻ ǘƘŀǘ DŜǊƳŀƴȅ ŀŘƻǇǘŜŘ ŀ άbŀǘƛƻƴŀƭ IȅŘǊƻƎŜƴ 

{ǘǊŀǘŜƎȅέ ƛƴ WǳƴŜ нлнлΦ Lƴ ǘƘƛǎ ǎŜƴǎŜΣ DŜǊƳŀƴȅ Ǉƭŀƴǎ ǘƻ ƛƴǾŜǎǘ ф ōƛƭƭƛƻƴ ŜǳǊƻǎ ƛƴ ŀ ŦƛƴŀƴŎƛƴƎ ǇŀŎƪŀƎŜ ǘƻ 

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, 

ǘƘŜ 9¦ ŀŘƻǇǘŜŘ ŀ ά9ǳǊƻǇŜŀƴ IȅŘǊƻƎŜƴ {ǘǊŀǘŜƎȅέ ƛƴ Wǳƭȅ нлнл ǘƻ ŀŎŎŜƭŜǊŀǘŜ ǘƘŜ ƭƻƴƎ-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 system18. 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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œŜǾǊŜǎŜƭ ƪŀȅƎƤƭŀǊ ǾŜ ǸƭƪŜƭŜǊƛƴ ŜƴŜǊƧƛ ƎǸǾŜƴƭƛƐƛ ǘŜƳŜƭƛƴŘŜ ǳȅƎǳƭŀŘƤƐƤ ŜƴŜǊƧƛ ǇƻƭƛǘƛƪŀƭŀǊƤΣ ǎŀŘŜŎŜ 
ŜƭŜƪǘǊƛƪ ǸǊŜǘƛƳƛƴŘŜ ŘŜƐƛƭΣ ŀȅƴƤ ȊŀƳŀƴŘŀ ǎŀƴŀȅƛ ǾŜ ǳƭŀǒƤƳ ǎŜƪǘǀǊƭŜǊƛƴŘŜ ŘŜ ȅŜǒƛƭ enerjilerin 
ƪǳƭƭŀƴƤƳƤƴƤ ŀǊǘǘƤǊƳŀȅƤ ƛœŜǊƳŜƪǘŜŘƛǊΦ 9ƴŜǊƧƛ ǘŜƪƴƻƭƻƧƛƭŜǊƛƴŘŜƪƛ ƎŜƭƛǒƳŜƭŜǊΣ ƘƛŘǊƻƧŜƴƛƴ ŘŀƘŀ ŀȊ 
ƳŀƭƛȅŜǘƭŜ ŜƭŘŜ ŜŘƛƭƳŜǎƛƴƛ ƳǸƳƪǸƴ ƪƤƭƳŀƪǘŀ ǾŜ ōǳ Řŀ ƘƛŘǊƻƧŜƴŜ ƻƭŀƴ ǘŀƭŜōƛƴ ŀǊǘƳŀǎƤƴƤ 
ǎŀƐƭŀƳŀƪǘŀŘƤǊΦ {ƻƴ ȅƤƭƭŀǊŘŀΣ ǳƭŀǒǘƤǊƳŀ ǎŜƪǘǀǊǸƴŘŜ ǾŜ ŜƭŜƪǘǊƛƪ ǸǊŜǘƛƳƛƴŘŜ ƘƛŘǊƻƧŜƴ ƪǳƭƭŀƴƤƳƤ 
ƪƻƴǳǎǳƴŘŀ ǀƴŜƳƭƛ ƛƭŜǊƭŜƳŜƭŜǊ ƪŀȅŘŜŘƛƭƳƛǒǘƛǊΦ Tƭƪ ƻƭŀǊŀƪ мффлΩƭŀǊŘŀ ǇǊƻǘƻǘƛǇ ƻƭŀǊŀƪ ǸǊŜǘƛƭŜƴ 
ƘƛŘǊƻƧŜƴƭŜ œŀƭƤǒŀƴ ƻǘƻƳƻōƛƭƭŜǊ ŀǊǘƤƪ ǘƛŎŀǊƛ ōƛǊ ǘŜƪƴƻƭƻƧƛ ƘŀƭƛƴŜ ƎŜƭƳƛǒǘƛǊΦ .ǳ ŀƴƭŀƳŘŀΣ ƘƛŘǊƻƧŜƴ 
ŜƴŜǊƧƛǎƛΣ ǎƤŦƤǊ ŜƳƛǎȅƻƴ ƘŜŘŜŦƭŜǊƛƴŜ ŘƻƐǊǳŘŀƴ ǳƭŀǒŀōƛƭŜƴ ǎǸǊŘǸǊǸƭŜōƛƭƛǊ19 bir kaynak olarak stratejik 
ōƛǊ Ƴƛǎȅƻƴŀ ǎŀƘƛǇǘƛǊΦ IƛŘǊƻƧŜƴ ƪǳƭƭŀƴƤƳƤƴƤƴ ȅŀȅƎƤƴƭŀǒƳŀǎƤƴŘŀΣ ƎŀȊ ƻƭŀǊŀƪ ōƻǊǳ ƘŀǘƭŀǊƤ ǾŜ ǎƤǾƤ ƻƭŀǊŀƪ 
ƪǊƛȅƻƧŜƴƛƪ ƪŀƳȅƻƴƭŀǊ ƛƭŜ ǳȅƎǳƴ ǘŜǊƳƛƴŀƭ ƪƻǒǳƭƭŀǊƤƴƤƴ ǾŀǊƭƤƐƤ ƴŜǘƛŎŜǎƛƴŘŜ ƎŜƳƛƭŜǊ ǾŜ ŘŜƳƛǊȅƻƭƭŀǊƤ 
ŀǊŀŎƤƭƤƐƤȅƭŀ ǘŀǒƤƴŀōƛƭŜƴ ƘƛŘǊƻƧŜƴƛƴ ǘǸƪŜǘƛƳ ŎƻƐǊŀŦȅŀƭŀǊƤƴŀ ǎŜǾƪƛȅŀǘƤ ƘƛŘǊƻƧŜƴ ŜƪƻƴƻƳƛǎƛƴƛƴ ƻǊǘŀȅŀ 
œƤƪƳŀǎƤƴŀ ǾŜ ƘƛŘǊƻƧŜƴ ƪǳƭƭŀƴƤƳƤƴƤƴ ȅŀȅƎƤƴƭŀǒƳŀǎƤƴŀ ƘƛȊƳŜǘ ŜŘŜŎŜƪǘƛǊΦ 4ŀƭƤǒƳŀƴƤƴ ƪŀǇǎŀƳƤΣ 
ƘƛŘǊƻƧŜƴ ŜƴŜǊƧƛǎƛƴŘŜƪƛ ƪǸǊŜǎŜƭ ƎŜƭƛǒƳŜƭŜǊŜ ƻŘŀƪƭŀƴƳŀƪǘŀŘƤǊΦ 4ŀƭƤǒƳŀΣ ȅǸƪǎŜƭŜƴ ōƛǊ ƪŀȅƴŀƪ ƻƭŀǊŀƪ 
ƘƛŘǊƻƧŜƴ ŜƴŜǊƧƛǎƛƴƛƴ ƪǸǊŜǎŜƭ ŜƴŜǊƧƛ ǇƻƭƛǘƛƪŀƭŀǊƤƴŘŀƪƛ ǊƻƭǸƴǸ ŜƭŜ ŀƭƳŀȅƤ ŀƳŀœƭŀƳŀƪǘŀŘƤǊΦ !ǊŀǒǘƤǊƳŀΣ 
ƴƛǘŜƭ ōƛǊ ȅǀƴǘŜƳŜ ǎŀƘƛǇ ƻƭǳǇ ǾŜǊƛ ǘƻǇƭŀƳŀ ǘŜƪƴƛƐƛ ƻƭŀǊŀƪ ƛǎŜ ŘƻƪǸƳŀƴ ŀƴŀƭƛȊƛ ƳŜǘƻŘǳ 
ƪǳƭƭŀƴƤƭƳƤǒǘƤǊΦ 9ƭŘŜ ŜŘƛƭŜƴ ōǳƭƎǳƭŀǊŀ ƎǀǊŜΣ ƘƛŘǊƻƧŜƴ ŜƴŜǊƧƛǎƛ ƪǸǊŜǎŜƭ ŜƴŜǊƧƛ ǇƻƭƛǘƛƪŀƭŀǊƤƴŘŀ ǊŀǎȅƻƴŜƭ 
ōƛǊ ŀƪǘǀǊ ƘŀƭƛƴŜ ƎŜƭƳŜƪǘŜŘƛǊΦ 

Anahtar Kelimeler: 9ƴŜǊƧƛ tƻƭƛǘƛƪŀƭŀǊƤΣ ¸ŜƴƛƭŜƴŜōƛƭƛǊ 9ƴŜǊƧƛ YŀȅƴŀƪƭŀǊƤΣ IƛŘǊƻƧŜƴ 9ƴŜǊƧƛǎƛ 
 

 

 

 

 

 

 

 

 

 

 
19 aŜǾŎǳǘ ƘŀƭƛȅƭŜ ƛƴǎŀƴ κ ǘƻǇƭǳƳ ƛƘǘƛȅŀœƭŀǊƤƴƤƴ ƎŜƭŜŎŜƪ ƴŜǎƛƭƭŜǊƛƴ ƛƘǘƛȅŀœƭŀǊƤƴŘŀƴ ǀŘǸƴ ǾŜǊƳŜŘŜƴ ƪŀǊǒƤƭŀƴƳŀǎƤŘƤǊΦ 
ά{ǸǊŘǸǊǸƭŜōƛƭƛǊέ ƪŀǾǊŀƳƤΣ мфутΩŘŜ .ƛǊƭŜǒƳƛǒ aƛƭƭŜǘƭŜǊ ό.aύ ά5Ǹƴȅŀ 4ŜǾǊŜ ǾŜ YŀƭƪƤƴƳŀ YƻƳƛǎȅƻƴǳέƴŎŀ ƘŀȊƤǊƭŀƴŀƴ hǊǘŀƪ 
GeleŎŜƐƛƳƛȊ wŀǇƻǊǳ ƻƭŀǊŀƪ Řŀ ōƛƭƛƴŜƴ .ǊǳƴŘǘƭŀƴŘ wŀǇƻǊǳΩƴŘŀ όYƻƳƛǎȅƻƴ .ŀǒƪŀƴƤΥ DǊƻ IŀǊƭŜƳ .ǊǳƴŘǘƭŀƴŘύ ƪǳƭƭŀƴƤƭƳƤǒǘƤǊΦ 
.ǳƴǳƴ ȅŀƴƤƴŘŀ .a ǘŀǊŀŦƤƴŘŀƴ нлмрΩǘŜ ǸȊŜǊƛƴŘŜ ǳȊƭŀǒƤƭŀƴ ά{ǸǊŘǸǊǸƭŜōƛƭƛǊ YŀƭƪƤƴƳŀ ƛœƛƴ нлол DǸƴŘŜƳƛέƴŘŜ мт ŀƳŀœ 
ōŜƭƛǊƭŜƴƳƛǒǘƛǊΦ .ǳ ŀƳŀœƭŀǊŘŀƴ ƛƪƛǎƛ ŜƴŜǊƧƛȅƭŜ ŘƻƐǊǳŘŀƴ ƛƭƎƛƭƛŘƛǊΦ .ǳƴƭŀǊΤ όтύ 9ǊƛǒƛƭŜōƛƭƛǊ ǾŜ ¢ŜƳƛȊ 9ƴŜǊƧƛ ƛƭŜ όмоύ TƪƭƛƳ 9ȅƭŜƳƛΩŘƛǊΦ 
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DTwT  

5ƻƐŀŘŀ ǎŜǊōŜǎǘ ƘŀƭŘŜ ōǳƭǳƴƳŀȅŀƴ ōǳ ƴŜŘŜƴƭŜ ŘŜ ǎŜƴǘŜǘƛƪ ōƛǊ ȅŀƪƤǘ ƻƭŀƴ ƘƛŘǊƻƧŜƴΣ ŜǾǊŜƴŘŜ Ŝƴ ŦŀȊƭŀ ōǳƭǳƴŀƴ 

ŜƭŜƳŜƴǘǘƛǊΦ DǸƴŜǒ ǾŜ ȅƤƭŘƤȊƭŀǊŘŀƪƛ ǘŜǊƳƻƴǸƪƭŜŜǊ ǘŜǇƪƛƳŜƴƛƴ ǘŜƳŜƭ ƪŀȅƴŀƐƤ ƘƛŘǊƻƧŜƴŘƛǊΦ м ǇǊƻǘƻƴ ǾŜ м 

ŜƭŜƪǘǊƻƴŘŀƴ ƻƭǳǒŀƴ ƘƛŘǊƻƧŜƴΣ ǎǘŀƴŘŀǊǘ ƪƻǒǳƭƭŀǊŘŀ ǊŜnksiz, kokusuz ve zehirsiz olup havadan 14 kat daha hafiftir. 

!ȅǊƤŎŀ ƘƛŘǊƻƧŜƴΣ ƘƤȊƭƤ ŘŀƐƤƭƳŀ ǀȊŜƭƭƛƐƛ ƴŜŘŜƴƛȅƭŜ ŘƛƐŜǊ ƎŀȊƭŀǊŘŀ ƻƭŘǳƐǳ Ǝƛōƛ ǘŜƘƭƛƪŜȅŜ ȅƻƭ ŀœƳŀȊΦ IƛŘǊƻƧŜƴΣ              

-нрнΣттϲ/ΩŘŜ ǎƤǾƤ ƘŀƭŜ ƎŜǘƛǊƛƭŜōƛƭƳŜƪǘŜŘƛǊΦ {ƤǾƤ ƘƛŘǊƻƧŜƴƛƴ ƘŀŎƳƛΣ ƎŀȊ ƘŀƭƛƴŘŜƪƛ ƘŀŎƳƛƴƛƴ м κ тллΩǸ ƪŀŘŀǊŘƤǊΦ  

мрллΩƭŜǊƛƴ ōŀǒƤƴŘŀ tŀǊŀŎŜƭǎǳǎΣ ǎǸƭŦǸǊƛƪ ŀǎƛŘŜ ŘŜƳƛǊ ǘŀƭŀǒƭŀǊƤ ŜƪƭŜƴŘƛƐƛƴŘŜ ǾŜǊƛƭŜƴ ƪŀōŀǊŎƤƪƭŀǊƤƴ ȅŀƴƤŎƤ ƻƭŘǳƐǳƴǳ 

ƪŜǒŦŜǘǘƛΦ !ƴŎŀƪ ōǳ ƎŀȊ όƻ ŘǀƴŜƳ ƘƛŘǊƻƧŜƴ ƻƭŀǊŀƪ ŀŘƭŀƴŘƤǊƤƭƳƤȅƻǊύΣ ƛƭƪ ƪŜȊ мстмΩŘŜ wƻōŜǊǘ .ƻȅƭŜ ǘŀǊŀŦƤƴŘŀƴ 

ƪŜǒŦŜŘƛƭƳƛǒǘƛǊΦ мтсс ȅƤƭƤƴŘŀ ƛǎŜ IŜƴǊȅ /ŀǾŜƴŘƛǎƘ ōǳ ƎŀȊƤƴ ŀȅǊƤ ōƛǊ ŜƭŜƳŜƴǘ ƻƭŘǳƐǳƴǳ ƻǊǘŀȅŀ ƪƻȅƳǳǒǘǳǊΦ IƛŘǊƻƧŜƴ 

ǘŀǊƛƘƛ ŀœƤǎƤƴŘŀƴ ȅŀǇƤ ǘŀǒƤ ƻƭŀƴ ōǳ ƛƪƛ ƎŜƭƛǒƳŜȅƭŜ ōƛǊƭƛƪǘŜ ƘƛŘǊƻƧŜƴ ƎŀȊƤƴƤƴ ȅŀƴƤŎƤ ƻƭŘǳƐǳ ŦŀǊƪ ŜŘƛƭƳƛǒǘƛǊΦ 5ŀƘŀ ǎƻƴǊŀ 

мтуо ȅƤƭƤƴŘŀ !ƴǘƻƛƴŜ-[ŀǳǊŜƴǘ ŘŜ [ŀǾƻƛǎƛŜǊΣ tƛŜǊǊŜ {ƛƳƻƴ ŘŜ [ŀǇƭŀŎŜ ƛƭŜ ōƛǊƭƛƪǘŜ ŎŀƳ Ŧŀƴǳǎ ƛœƛƴŘŜ ŎƤǾŀ ǸȊŜǊƛƴŘŜ 

ƘƛŘǊƻƧŜƴ ǾŜ ƻƪǎƛƧŜƴ ȅŀƪŀǊŀƪ ǎǳȅǳ ǎŜƴǘŜȊƭŜƳƛǒǘƛǊΦ bƛŎŜƭƛƪǎŜƭ ǎƻƴǳœƭŀǊΣ ǎǳȅǳƴ ƛƪƛ ōƛƴ ȅƤƭŘŀƴ ōŜǊƛ ŘǸǒǸƴǸƭŘǸƐǸ Ǝƛōƛ 

ōƛǊ ŜƭŜƳŜƴǘ ƻƭƳŀŘƤƐƤƴƤ ŀƴŎŀƪ ƛƪƛ ƎŀȊƤƴ ōƛǊƭŜǒƛƳƛƴŘŜƴ ƻƭǳǒǘǳƐǳ ƎǀǊǸǒǸƴǸ ŘŜǎǘŜƪƭŜƳƛǒǘƛǊΦ .ǳ ƎŀȊŀ Lavoisier 

ǘŀǊŀŦƤƴŘŀƴ ǎǳ ƻƭǳǒǘǳǊǳŎǳ όн ƘƛŘǊƻƧŜƴ ŀǘƻƳǳ κ H2ύ ŀƴƭŀƳƤƴŀ ƎŜƭŜƴ hidrojen ŀŘƤ ǾŜǊƛƭƳƛǒǘƛǊ όTƴƻǾŀǘƛŦ YƛƳȅŀ 5ŜǊƎƛǎƛΣ 

нлмтΤ [ŜǘΩǎ ¢ŀƭƪ {ŎƛŜƴŎŜΣ нлмфΤ wƻȅŀƭ {ƻŎƛŜǘȅ ƻŦ /ƘŜƳƛǎǘǊȅΣ нлнлύΦ IƛŘǊƻƧŜƴ ŜƴŜǊƧƛǎƛ ƛƭŜ ƛƭƎƛƭƛ œŀƭƤǒƳŀƭŀǊ ƛǎŜ {ƻƐǳƪ 

{ŀǾŀǒ ŘǀƴŜƳƛƴŘŜ ōŀǒƭŀƳƤǒǘƤǊΦ 4ǸƴƪǸ ƘŜǊ ƛƪƛ ƎǸœ ŘŜ ό!.5 ǾŜ {{/.ύ ƘƛŘǊƻƧŜƴƛƴ ōǸȅǸƪ ōƛǊ ǎƛƭŀƘ ƻƭŘǳƐǳƴǳ 

ƪŜǒŦŜǘƳƛǒǘƛΦ mȅƭŜ ƪƛ ƛƭƪ ƘƛŘǊƻƧŜƴ ōƻƳōŀǎƤ ŘŜƴŜƳŜǎƛ {{/. ǘŀǊŀŦƤƴŘŀƴ мфро ȅƤƭƤƴŘŀ ƎŜǊœŜƪƭŜǒǘƛǊƛƭƳƛǒǘƛǊΦ .ǳƴŘŀƴ ōƛǊ 

ȅƤƭ ǎƻƴǊŀ Řŀ !.5Σ ƘƛŘǊƻƧŜƴ ōƻƳōŀǎƤ ŘŜƴŜƳŜǎƛƴƛ ȅŀǇƳƤǒǘƤǊΦ .ǳ ƪŀǇǎŀƳŘŀ ƘƛŘǊƻƧŜƴƛƴ ŀǎƪŜǊƛ ȅǀƴǸƴǸƴ ȅŀƴƤƴŘŀ ōƛǊ 

ŜƴŜǊƧƛ ƪŀȅƴŀƐƤ ƻƭŀǊŀƪ ƪǳƭƭŀƴƤƭƳŀǎƤ ƘǳǎǳǎǳƴŘŀ мфрр ȅƤƭƤƴŘŀ ƘŜǊ ƛƪƛ ǸƭƪŜŘŜ œŀƭƤǒƳŀƭŀǊ ōŀǒƭŀǘƤƭƳƤǒǘƤr. 

IƛŘǊƻƧŜƴ ōƛƭƛƴŜƴ ǘǸƳ ȅŀƪƤǘƭŀǊ ƛœŜǊƛǎƛƴŘŜ ōƛǊƛƳ ƪǸǘƭŜ ōŀǒƤƴŀ Ŝƴ ȅǸƪǎŜƪ ŜƴŜǊƧƛ ƛœŜǊƛƐƛƴŜ ǎŀƘƛǇǘƛǊΦ м ƪƎ ƘƛŘǊƻƧŜƴ нΣм 

ƪƎ ŘƻƐŀƭ ƎŀȊ ǾŜȅŀ нΣу ƪƎ ǇŜǘǊƻƭǸƴ ǎŀƘƛǇ ƻƭŘǳƐǳ ŜƴŜǊƧƛȅŜ ǎŀƘƛǇǘƛǊΦ !ƴŎŀƪ ōƛǊƛƳ ŜƴŜǊƧƛ ōŀǒƤƴŀ ƘŀŎƳƛ ȅǸƪǎŜƪǘƛǊΦ LǎƤ 

ve patlama enerjisi gerekǘƛǊŜƴ ƘŜǊ ŀƭŀƴŘŀ ƪǳƭƭŀƴƤƳƤ ǘŜƳƛȊ ǾŜ ƪƻƭŀȅ ƻƭŀƴ ƘƛŘǊƻƧŜƴƛƴ ȅŀƪƤǘ ƻƭŀǊŀƪ ƪǳƭƭŀƴƤƭŘƤƐƤ ŜƴŜǊƧƛ 

ǎƛǎǘŜƳƭŜǊƛƴŘŜΣ ŀǘƳƻǎŦŜǊŜ ȅŀƭƴƤȊŎŀ ǎǳ ȅŀ Řŀ ǎǳ ōǳƘŀǊƤ ǎŀƭƤƴƳŀƪǘŀŘƤǊΦ IƛŘǊƻƧŜƴ ǇŜǘǊƻƭ ȅŀƪƤǘƭŀǊƤƴŀ ƎǀǊŜ ƻǊǘŀƭŀƳŀ 

҈оо ŘŀƘŀ ǾŜǊƛƳƭƛ ōƛǊ ȅŀƪƤǘǘƤǊΦ IƛŘǊƻƧŜƴŘŜƴ ŜƴŜǊƧƛ ŜƭŘŜ ŜŘƛƭƳŜǎƛ ŜǎƴŀǎƤƴŘŀ ǎǳ ōǳƘŀǊƤ ŘƤǒƤƴŘŀ œŜǾǊŜȅƛ ƪƛǊƭŜǘƛŎƛ ǾŜ 

ǎŜǊŀ Ŝǘƪƛǎƛƴƛ ŀǊǘƤǊƤŎƤ ƘƛœōƛǊ ƎŀȊ ǾŜ ȊŀǊŀǊƭƤ ƪƛƳȅŀǎŀƭ ƳŀŘŘŜ ǸǊŜǘƛƳƛ ǎǀȊ ƪƻƴǳǎǳ ŘŜƐƛƭŘƛǊ ό9¢Y.Σ нлнлύΦ «ǊŜǘƛƳƛ ŘƛƐŜǊ 

ȅŀƪƤǘƭŀǊŀ ƎǀǊŜ ƻǊǘŀƭŀƳŀ Ǹœ ƪŀǘ ŘŀƘŀ ȅǸƪǎŜƪ ōƛǊ ƳŀƭƛȅŜǘŜ ǎŀƘƛǇ ƻƭŘǳƐǳ ƛœƛƴ ȅŀȅƎƤƴ ǒŜƪƛƭŘŜ ƪǳƭƭŀƴƤƳƤ ŜƴŜǊƧƛ 

ǘŜƪƴƻƭƻƧƛƭŜǊƛƴŘŜƪƛ ƎŜƭƛǒƳŜƭŜǊŜ ōŀƐƭƤŘƤǊΦ {ƻƴ ȅƤƭƭŀǊŘŀ ŜƴŜǊƧƛ ǎŜƪǘǀǊǸƴŘŜ ƘƛŘǊƻƧŜƴŜ ōŀƐƭƤ ǳȅƎǳƭŀƳŀƭŀǊ ƎǀǊƳŜƪ 

ƳǸƳƪǸƴŘǸǊΦ mȊŜƭƭƛƪƭŜ ǳƭŀǒƤƳ ǎŜƪǘǀǊǸƴŘŜ άǘŜƳƛȊ ǳƭŀǒƤƳέ ƘŜŘŜŦƭŜǊƛΣ ƘƛŘǊƻƧŜƴƛƴ ŜƴŜǊƧƛ ǇƻƭƛǘƛƪŀƭŀǊƤ ƛœƛƴŘŜ ǎǘǊŀǘŜƧƛƪ 

bir kaynak oƭŘǳƐǳƴǳ ƛŦŀŘŜ ŜǘƳŜƪǘŜŘƛǊΦ 

YǸǊŜǎŜƭ ƛƪƭƛƳ ŘŜƐƛǒƛƳƛ ǾŜ œŜǾǊŜǎŜƭ ǎƻǊǳƴƭŀǊ Ŧƻǎƛƭ ŜƴŜǊƧƛ ƪŀȅƴŀƪƭŀǊƤȅƭŀ ŦŀȊƭŀŎŀ ƛƭƛǒƪƛƭŜƴŘƛǊƛƭƳŜƪǘŜŘƛǊΦ нлллΩƭƛ ȅƤƭƭŀǊƭŀ 

ōƛǊƭƛƪǘŜ ƛǎŜ ȅŀǒŀƴŀƴ ǘŜƪƴƻƭƻƧƛƪ ƎŜƭƛǒƳŜƭŜǊ ǾŜ ŘǀƴǸǒǸƳƭŜǊΣ ƴǸŦǳǎ ǾŜ ŀǊŀœ ǎŀȅƤǎƤƴƤƴ ŀǊǘƤǒƤΣ ƪŜƴǘƭŜǒƳŜ ƻǊŀƴƭŀǊƤƴƤn 

ǘǸƳ ŘǸƴȅŀŘŀ ȅǸƪǎŜƭƳŜǎƛ Ǝƛōƛ ǎŜōŜǇƭŜǊ ƴŜǘƛŎŜǎƛƴŘŜ ŘǸƴȅŀ ŜƴŜǊƧƛ ǘǸƪŜǘƛƳƛ ǀƴŜƳƭƛ ōƻȅǳǘƭŀǊŀ ǳƭŀǒƳƤǒǘƤǊΦ !Ǌǘŀƴ 

ŜƴŜǊƧƛ ǘŀƭŜōƛ ōƛǊ ǘŀǊŀŦǘŀƴ Ŧƻǎƛƭ ȅŀƪƤǘƭŀǊŀ ƻƭŀƴ ǘŀƭŜōƛ ŘŀƘŀ Řŀ ȅǸƪǎŜƭǘƛǊƪŜƴ ōƛǊ ǘŀǊŀŦǘŀƴ Řŀ ŜƴŜǊƧƛ ƎǸǾŜƴƭƛƐƛƴƛ 

ǎŀƐƭŀƳŀƪ ǾŜ ǳƭǳǎƭŀǊŀǊŀǎƤ ƛƪƭƛƳ-œŜǾǊŜ ƘŜŘŜŦƭŜǊƛƴƛ κ ƪǊƛǘŜǊƭŜǊƛƴƛ όYȅƻǘƻ tǊƻǘƻƪƻƭǸΣ tŀǊƛǎ /htнм ǾŘΦύ ȅŜǊƛƴŜ ƎŜǘƛǊƳŜƪ 

ƛœƛƴ ȅŜƴƛƭŜƴŜōƛƭƛǊ ƪŀȅƴŀƪƭŀǊŀ ƻƭŀƴ ǘŀƭŜōƛ ŘŜ ǘǸƳ ǸƭƪŜƭŜǊ ƴŜȊŘƛƴŘŜ ŀǊǘƤǊƳƤǒǘƤǊ όhǊŀƭΣ нлнлΥ мсрύΦ .ǳ ȅǸȊŘŜƴ ŜƴŜǊƧƛ 
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ǇƻƭƛǘƛƪŀƭŀǊƤƴŘŀ ǾŜ ȅŀǘƤǊƤƳƭŀǊƤƴŘŀ ǀȊŜƭƭƛƪƭŜ ǎƻƴ ȅƛǊƳƛ ȅƤƭƭƤƪ ǎǸǊŜ ȊŀǊŦƤƴŘŀ ȅŜƴƛƭŜƴŜōƛƭƛǊ ŜƴŜǊƧƛ ƪŀȅƴŀƪƭŀǊƤƴƤƴ 

ōŜƭƛǊƭŜȅƛŎƛ ƻƭŘǳƐǳ ƎǀǊǸƭƳŜƪǘŜŘƛǊΦ !ƴŎŀƪ ȅŜƴƛƭŜƴŜōƛƭƛǊ ŜƴŜǊƧƛ ƪŀȅƴŀƪƭŀǊƤƴƤƴ ƪŜǎƛƴǘƛƭƛ ƪŀȅƴŀƪƭŀǊ ƻƭƳŀƭŀǊƤ ǾŜ 

ŘŜǇƻƭŀƳŀ ǘŜƪƴƻƭƻƧƛƭŜǊƛƴƛƴ ƳŀƭƛȅŜǘƭŜǊƛ ƴŜŘŜƴƛȅƭŜ ȅŀȅƎƤƴ ƻƭƳŀȅƤǒƤ ōǳ ƪŀȅƴŀƪƭŀǊŀ ȅǀƴŜƭƛƪ œŜǒƛǘƭƛ ƪǳǒƪǳƭŀǊƤ Řŀ 

ōŜǊŀōŜǊƛƴŘŜ ƎŜǘƛǊƳŜƪǘŜŘƛǊΦ 5ƻƭŀȅƤǎƤȅƭŀ ƎŜǊŜƪ ǳƭǳǎŀƭ ƎŜǊŜƪǎŜ ŘŜ ƪǸǊŜǎŜƭ ŜƴŜǊƧƛ ǎƛǎǘŜƳƛƴƛ ȅŀƭƴƤȊŎŀ ȅŜƴƛƭŜƴŜōƛƭƛǊ 

ŜƴŜǊƧƛƭŜǊŜ ŘŀȅŀƴŘƤǊƳŀƪ ƳǸƳƪǸƴ ŘŜƐƛƭŘƛǊΦ {ǸǊŜƪƭƛƭƛƪ ǾŜ ŜƳǊŜ ŀƳŀŘŜƭƛƪ ŀœƤǎƤƴŘŀƴ ǘŜǊƳƛƪ ǎŀƴǘǊŀƭƭŜǊ ǾŜ ƴǸƪƭŜŜǊ 

ǎŀƴǘǊŀƭƭŜǊ œŜǾǊƛƳ ǎŜƪǘǀǊǸƴǸƴ ƪŀœƤƴƤƭƳŀȊ ǳƴǎǳǊƭŀǊƤŘƤǊΦ IŜǊ ƴŜ ƪŀŘŀǊ ǘŜǊƳƛƪ ǎŀƴǘǊŀƭƭŜǊƛƴ ƪǸǊŜǎŜƭ ƛƪƭƛƳ ŘŜƐƛǒƛƳƛƴŘŜ 

ƪŀȅŘŀ ŘŜƐŜǊ ōƛǊ Ŝǘƪƛǎƛƴƛƴ ƻƭŘǳƐǳ ƪŀōǳƭ ŜŘƛƭǎŜ ŘŜ ōǳ ǎŀƴǘǊŀƭƭŜǊƛƴ ŜƴŜǊƧƛ ǘŀƭŜōƛ ŘƻƐǊǳƭǘǳǎǳƴŘŀ ŜƴŜǊƧƛ ǇƻǊǘŦǀȅǸƴŘŜƴ 

œƤƪŀǊƤƭƳŀǎƤ ǎǀȊ ƪƻƴǳǎǳ ŘŜƐƛƭŘƛǊΦ 9ƴŜǊƧƛ ƪŀȅƴŀƪƭŀǊƤƴƤƴ ƪǳƭƭŀƴƤƭŘƤƐƤ ǘǸƳ ŀƭŀƴƭŀǊ όǳƭŀǒƤƳΣ ǎŀƴŀȅƛΣ œŜǾǊƛƳΣ ƤǎƤύ ŘŀƘƛƭ 

ŜŘƛƭŘƛƐƛƴŘŜ ŜƴŜǊƧƛ ǎŜƪǘǀǊǸƴǸƴ ǎŜǊŀ ƎŀȊƤ ǎŀƭƤƴƤƳƭŀǊƤƴŘŀƪƛ ǇŀȅƤ нлмс ǾŜǊƛƭŜǊƛ œŜǊœŜǾŜǎƛƴŘŜ ҈то ŘǸȊŜȅƛƴŘŜŘƛǊ ό²wLΣ 

2020). 

.ǳ ŀƴƭŀƳŘŀ ƘƛŘǊƻƧŜƴΣ ǳȊǳƴ ƳŜǎŀŦŜƭƛ ǘŀǒƤƳŀŎƤƭƤƪΣ ƪƛƳȅŀǎŀƭƭŀǊ ǾŜ ŘŜƳƛǊ-œŜƭƛƪ Ǝƛōƛ ŜƳƛǎȅƻƴƭŀǊƤ ŀȊŀƭǘƳŀƴƤƴ ȊƻǊ 

ƻƭŘǳƐǳ ǎŜƪǘǀǊƭŜǊŘŜ ŘŜƪŀǊōƻƴƛȊŀǎȅƻƴǳ ǎŀƐƭŀȅŀŎŀƪ ȅǀƴǘŜƳƭŜǊ ƻǊǘŀȅŀ ƪƻȅƳŀƪǘŀŘƤǊΦ !ȅǊƤŎŀ ƘŀǾŀ ƪŀƭƛǘŜǎƛƴƛ 

ƛȅƛƭŜǒǘƛǊƳŜȅŜ ǾŜ ŜƴŜǊƧƛ ƎǸǾŜƴƭƛƐƛƴƛ ŀǊǘƤǊƳŀȅŀ ȅŀǊŘƤƳŎƤ ƻƭƳŀƪǘŀŘƤǊΦ 9ƴŜǊƧƛ ƪŀȅƴŀƪƭƤ ƪǸǊŜǎŜƭ /h2 ŜƳƛǎȅƻƴƭŀǊƤΣ ƎǸœƭǸ 

ǒŜƪƛƭŘŜ ƪƻƴǳƳƭŀƴŘƤǊƤƭŀƴ ǳƭǳǎƭŀǊŀǊŀǎƤ ƛƪƭƛƳ ƘŜŘŜŦƭŜǊƛƴŜ ǊŀƐƳŜƴ нлмуΩŘŜ ǘǸƳ ȊŀƳŀƴƭŀǊƤƴ ǊŜƪƻǊǳƴǳ ƪƤǊƳƤǒǘƤǊΦ 

.ǳƴǳƴƭŀ ōƛǊƭƛƪǘŜ ƘŜǊ ȅƤƭ ȅŀƪƭŀǒƤƪ Ǹœ Ƴƛƭȅƻƴ ƛƴǎŀƴƤƴ ŜǊƪŜƴ ȅŀǒǘŀ ǀƭǸƳǸƴŜ ƴŜŘŜƴ ƻƭŀƴ ŀœƤƪ ƘŀǾŀ ƪƛǊƭƛƭƛƐƛ ŘŜ ǀƴŜƳƭƛ 

bir sorun olmaya devam etmektedir (WEC, 2019). 

мфтлΩƭƛ ȅƤƭƭŀǊŘŀƴ ƎǸƴǸƳǸȊŜ ŘŜƪ ŘǸƴȅŀ ƘƛŘǊƻƧŜƴ ǸǊŜǘƛƳƛ ƛǎǘƛƪǊŀǊƭƤ ōƛǊ ŀǊǘƤǒ ƎǀǎǘŜǊƳƛǒǘƛǊΦ 4ǸƴƪǸ ƘƛŘǊƻƧŜƴ 

ŜƴŘǸǎǘǊƛŘŜ ȊŀǘŜƴ ƪǳƭƭŀƴƤƭŀƴ ōƛǊ ŜƭŜƳŜƴǘǘƛǊΦ !ƴŎŀƪ ƘƛŘǊƻƧŜƴΣ ŜƴŘǸǎǘǊƛ ǎŜƪǘǀǊǸƴŘŜƪƛ ƪǳƭƭŀƴƤƳƤƴƤƴ ƘŀǊƛŎƛƴŘŜ 

ǎǳƴƳǳǒ ƻƭŘǳƐǳ ŜƳƛǎȅƻƴǎǳȊ ǎŀƭƤƴƤƳ ŦƤǊǎŀǘƤ ǎŀȅŜǎƛƴŘŜ ǎƻƴ ȅƤƭƭŀǊŘŀ ƻǘƻƳƻōƛƭƭŜǊ ōŀǒǘŀ ƻƭƳŀƪ ǸȊŜǊŜ ŘƛƐŜǊ ǳƭŀǒƤƳ 

ŀǊŀœƭŀǊƤƴŘŀƪƛ ƪǳƭƭŀƴƤƳƤ ŘƻƐǊǳƭǘǳǎǳƴŘŀ ȅŜƴƛŘŜƴ ǇƻǇǸƭŜǊ ōƛǊ ƎǸƴŘŜƳŜ ǎŀƘƛǇ ƻƭƳǳǒǘǳǊΦ 9ǎŀǎŜƴ ȅŜƴƛ ōƛǊ ǘŜƪƴƻƭƻƧƛ 

ƻƭƳŀȅŀƴ ȅŀƪƤǘ ƘǸŎǊŜǎƛ ǎŀȅŜǎƛƴŘŜ ƘƛŘǊƻƧŜƴŘŜƴ ōƛǊ ŜƴŜǊƧƛ ǘŀǒƤȅƤŎƤǎƤ ƻƭŀǊŀƪ ȅŀǊŀǊƭŀƴƤƭƳŀƪǘŀ ǾŜ ŜƭŜƪǘǊƛƪ ǸǊŜǘƛƭƳŜƪǘŜ 

ōǳ ǎŀȅŜŘŜ ŘŜ ǳƭŀǒƤƳ ŀǊŀœƭŀǊƤƴŘŀ ƪǳƭƭŀƴƤƭŀōƛƭƳŜƪǘŜŘƛǊΦ .ǳ ŀƴƭŀƳŘŀ ƘƛŘǊƻƧŜƴ нмΦ ȅǸȊȅƤƭƤƴ ŜƴŜǊƧƛǎƛ ƻƭŀǊŀƪ 

ƴƛǘŜƭŜƴŘƛǊƛƭƳŜ ƎǸŎǸƴŜ ǎŀƘƛǇǘƛǊΦ 

9ƴŜǊƧƛ ǘŜƪƴƻƭƻƧƛƭŜǊƛƴŘŜƪƛ ƎŜƭƛǒƳŜƭŜǊ ƘƛŘǊƻƧŜƴƛƴ ŘŀƘŀ ŀȊ ƳŀƭƛȅŜǘƭŜ ŜƭŘŜ ŜŘƛƭƳŜǎƛƴŜ ƛƳƪŃn vermekte bu durum 

ƘƛŘǊƻƧŜƴŜ ƻƭŀƴ ǘŀƭŜǇ ŀǊǘƤǒƤƴƤ Řŀ ōŜǊŀōŜǊƛƴŘŜ ƎŜǘƛǊƳŜƪǘŜŘƛǊΦ {ƻƴ ȅƤƭƭŀǊŘŀ ǳƭŀǒƤƳ ǎŜƪǘǀǊǸƴŘŜ ǾŜ ŜƭŜƪǘǊƛƪ 

ǸǊŜǘƛƳƛƴŘŜ ƘƛŘǊƻƧŜƴŘŜƴ ȅŀǊŀǊƭŀƴƳŀȅŀ ȅǀƴŜƭƛƪ ǀƴŜƳƭƛ ƛƭŜǊƭŜƳŜƭŜǊ ƪŀȅŘŜŘƛƭƳƛǒǘƛǊΦ Tƭƪ ƪŜȊ мффлΩƭƤ ȅƤƭƭŀǊŘŀ ǇǊƻǘƻǘƛǇ 

ƻƭŀǊŀƪ ǸǊŜǘƛƭŜƴ ƘƛŘǊƻƧŜƴƭŜ œŀƭƤǒŀƴ ƻǘƻƳƻōƛƭƭŜǊ ŀǊǘƤƪ ǘƛŎŀǊƛ ōƻȅǳǘ ƪŀȊŀƴŀƴ ōƛǊ ǘŜƪƴƻƭƻƧƛ ƘŀƭƛƴŜ ƎŜƭƳƛǒǘƛǊΦ IƛŘǊƻƧŜƴƭƛ 

ŀǊŀœƭŀǊŘŀƴ ƪǳƭƭŀƴƤƳ ǎƻƴǊŀǎƤ ǎǳ ȅŀ Řŀ ǎǳ ōǳƘŀǊƤ ŀǘƤƭŘƤƐƤ ƛœƛƴ ōǳ ŀǊŀœƭŀǊ ǎƤŦƤǊ ŜƳƛǎȅƻƴ ŘŜƐŜǊƛƴŜ ǎŀƘƛǇǘƛǊƭŜǊΦ IƛŘǊƻƧŜƴ 

ŜƴŜǊƧƛǎƛΣ ƳŜƴȊƛƭƛ ŘƛƪƪŀǘŜ ŀƭƤƴŘƤƐƤƴŘŀΣ ǘŜƳƛȊ ǾŜ œŜǾǊŜŎƛ ƻƭƳŀƭŀǊƤ ƴŜŘŜƴƛȅƭŜ ƪǸǊŜǎŜƭ ƛƪƭƛƳ ŘŜƐƛǒƛƳƛȅƭŜ ƳǸŎŀŘŜƭŜŘŜ 

ǀƴŜƳƭƛ ōƛǊ Ƴƛǎȅƻƴ ȅǸƪƭŜƴŜƴ ǾŜ ƎǸƴǸƳǸȊǸƴ ƛƴƻǾŀǘƛŦ ǳƭŀǒƤƳ ŀǊŀœƭŀǊƤ ƻƭŀǊŀƪ ƪŀōǳƭ ŜŘƛƭŜƴ ŜƭŜƪǘǊƛƪƭƛ ŀǊŀœƭŀǊŀ ƎǀǊŜ 

ŘŀƘŀ ōǸȅǸƪ ōƛǊ ŀǾŀƴǘŀƧŀ ǎŀƘƛǇǘƛǊΦ mȅƭŜ ƪƛ ŜƭŜƪǘǊƛƪƭƛ ŀǊŀœƭŀǊƤƴ ƳŜƴȊƛƭƛ олл-рлл ƪƳ ŎƛǾŀǊƤƴŘŀȅƪŜƴ ōǳ ŘŜƐŜǊ 

ƘƛŘǊƻƧŜƴƭƛ ŀǊŀœƭŀǊŘŀ слл-тлл ƪƳΩȅŜ ŘŜƪ œƤƪŀōƛƭƳŜƪǘŜŘƛǊΦ .ǳ ŘǳǊǳƳ ŀœƤƪ ōƛǊ ǒŜƪƛƭŘŜ Ƴƻōƛƭ ŘŜǾǊƛƳŜ ƛǒŀǊŜǘ 

etmektedir. 
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.ǳ œŀƭƤǒƳŀŘŀΣ ǎƻƴ ȅƤƭƭŀǊŘŀ ȅŜƴƛŘŜƴ ȅǸƪǎŜƭŜƴ ōƛǊ ǘŀǒƤȅƤŎƤ κ ƪŀȅƴŀƪ20 ƻƭŀƴ ƘƛŘǊƻƧŜƴ ŜƴŜǊƧƛǎƛƴƛƴ ƪǸǊŜǎŜƭ ŜƴŜǊƧƛ 

ǇƻƭƛǘƛƪŀƭŀǊƤƴŘŀ ŀǊǘŀƴ ǀƴŜƳƛƴƛ ƻǊǘŀȅŀ ƪƻȅƳŀƪ ǾŜ ōǳ ŘǳǊǳƳǳ ŀƴŀƭƛȊ ŜǘƳŜƪ ŀƳŀœƭŀƴƳƤǒǘƤǊΦ IƛŘǊƻƧŜƴ ŜƴŜǊƧƛǎƛ ǾŜ 

ȅŀƪƤǘ ƘǸŎǊŜƭŜǊƛ ƪƻƴǳǎǳƴŘŀƪƛ ƎŜƭƛǒƳŜƭŜǊ ŜǎŀǎŜƴ мфΦ ȅǸȊȅƤƭŀ ŘŜƪ ǳȊŀƴƳŀǎƤƴŀ ǊŀƐƳŜƴ ǎƻƴ ȅƤƭƭŀǊŘŀ ǀȊŜƭƭƛƪƭŜ ǳƭŀǒƤm 

ǎŜƪǘǀǊǸƴŘŜ ȅŀƪƤǘ ƘǸŎǊŜƭŜǊƛ ǎŜƪǘǀǊǸƴŘŜ ǘŜƪƴƻƭƻƧƛ ǾŜ ǸǊŜǘƛƳ ƳŀƭƛȅŜǘƭŜǊƛƴŘŜ ȅŀǒŀƴŀƴ ƎŜƭƛǒƳŜƭŜǊ ǎŜōŜōƛȅƭŜ ȅŜƴƛŘŜƴ 

ŦƛȊƛōƛƭ ōƛǊ ƪŀȅƴŀƪ ƻƭŀǊŀƪ ǀƴŜ œƤƪƳŀƪǘŀŘƤǊΦ TƪƭƛƳ ŘŜƐƛǒƛƳƛ ŜƪǎŜƴƭƛ ŜƴŜǊƧƛ ǇƻƭƛǘƛƪŀƭŀǊƤƴŘŀ άǎƤŦƤǊ ŜƳƛǎȅƻƴ ǾŜ ƪŀǊōƻƴǎǳȊ 

ƎŜƭŜŎŜƪέ ǘŜƳŀƭƤ ƘŜŘŜŦƭŜǊŜ ŜǊƛǒƳŜŘŜ ǎǳƴŘǳƐǳ ŦƤǊǎŀǘƭŀǊ ƘƛŘǊƻƧŜƴƛ ŘŀƘŀ Ŝǘƪƛƴ ōƛǊ ƪŀȅƴŀƪ ƘŀƭƛƴŜ ƎŜǘƛǊƳŜƪǘŜŘƛǊΦ Bu 

ōŀƐƭŀƳŘŀ ǳƭŀǒƤƳ ǎŜƪǘǀǊǸƴŘŜ ŦŀŀƭƛȅŜǘ ƎǀǎǘŜǊŜƴ IȅǳƴŘŀƛΣ ¢ƻȅƻǘŀΣ IƻƴŘŀΣ aŜǊŎŜŘŜǎ-Benz, BMW, Iveco, Nikola 

Ǝƛōƛ ŦƛǊƳŀƭŀǊƤƴ ƘƛŘǊƻƧŜƴƭƛ ŀǊŀœƭŀǊ ƪƻƴǳǎǳƴŘŀ ȅǸǊǸǘƳǸǒ ƻƭŘǳƐǳ œŀƭƤǒƳŀƭŀr ve DǸƴŜȅ YƻǊŜΣ WŀǇƻƴȅŀΣ !ƭƳŀƴȅŀΣ 

!.5Σ 4ƛƴΣ CǊŀƴǎŀΣ .ƛǊƭŜǒƛƪ YǊŀƭƭƤƪΣ .ŜƭœƛƪŀΣ IƻƭƭŀƴŘŀΣ !ǾǳǎǘǳǊȅŀΣ TǘŀƭȅŀΣ bƻǊǾŜœΣ !ǾǳǎǘǊŀƭȅŀΣ ¸Ŝƴƛ ½ŜƭŀƴŘŀΣ 

IƛƴŘƛǎǘŀƴΣ .ǊŜȊƛƭȅŀΣ {ǳǳŘƛ !ǊŀōƛǎǘŀƴΣ DǸƴŜȅ !ŦǊƛƪŀ ǾŜ !ǾǊǳǇŀ .ƛǊƭƛƐƛΩƴƛƴ ŜƴŜǊƧƛ ǇƻƭƛǘƛƪŀƭŀǊƤƴŘŀ ƘƛŘǊƻƧŜƴ 

uygulamaƭŀǊƤƴŀ ȅǀƴŜƭƛƪ ƘŜŘŜŦƭŜǊ ōŜƭƛǊƭŜƳŜǎƛΣ ƘƛŘǊƻƧŜƴ ŜƴŜǊƧƛǎƛƴƛƴ ƪǸǊŜǎŜƭ ŜƴŜǊƧƛ ǇƻƭƛǘƛƪŀƭŀǊƤƴŘŀ ȅǸƪǎŜƭŜƴ ōƛǊ Ǌƻƭ 

ǸǎǘƭŜƴŘƛƐƛƴƛ ƎǀǎǘŜǊƳŜƪǘŜŘƛǊΦ 

4ŀƭƤǒƳŀŘŀ ȅǀƴǘŜƳ ƻƭŀǊŀƪ ƴƛǘŜƭ ŀǊŀǒǘƤǊƳŀ ƳŜǘƻŘǳ ƪǳƭƭŀƴƤƭƳƤǒǘƤǊΦ !ǊŀǒǘƤǊƳŀƴƤƴ ŘŜǎŜƴƛ ŘǳǊǳƳ œŀƭƤǒƳŀǎƤŘƤǊ όŎŀǎŜ 

ǎǘǳŘȅύΦ 4ŀƭƤǒƳŀŘŀ ǾŜǊƛ ǘƻǇƭŀƳŀ ǘŜƪƴƛƐƛ ƻƭŀǊŀƪ ƛǎŜ ŘƻƪǸƳŀƴ ŀƴŀƭƛȊƛ ȅǀƴǘŜƳƛ ƪǳƭƭŀƴƤƭƳƤǒǘƤǊΦ .ǳ ƪŀǇǎŀƳŘŀ ƛƭƎƛƭƛ 

ƪŀȅƴŀƪƭŀǊƭŀ ōƛǊƭƛƪǘŜ ŜƴŜǊƧƛ ǎŜƪǘǀǊǸƴŘŜ ǳƭǳǎŀƭ ǾŜ ǳƭǳǎƭŀǊŀǊŀǎƤ ǀƭœŜƪǘŜ ŦŀŀƭƛȅŜǘ ƎǀǎǘŜǊŜƴ ƪǳǊǳƭǳǒƭŀǊƤƴ ǾŜǊƛƭŜǊƛƴŘŜƴ 

ȅŀǊŀǊƭŀƴƤƭƳƤǒǘƤǊΦ 

IT5whW9b Y¦[[!bLaL ±9 59th[!a! ¸mb¢9a[9wT 

IƛŘǊƻƧŜƴ ŜƴŜǊƧƛǎƛ ŘŜƴƛƭŘƛƐƛƴŘŜ ŀƪƭŀ ȅŀƭƴƤȊŎŀ ǎǳȅǳƴ ŜƭŜƪǘǊƻƭƛȊƛ ȅƻƭǳȅƭŀ ǸǊŜǘƛƭŜōƛƭŜƴ ōƛǊ ƪŀȅƴŀƪ ƎŜƭƳŜƪǘŜŘƛǊΦ !ƴŎŀƪ 

ƘƛŘǊƻƧŜƴƛƴ ōǳƴǳƴ ŘƤǒƤƴŘŀ ǸǊŜǘƛƳ ǒŜƪƭƛ ŘŜ ōǳƭǳƴƳŀƪǘŀŘƤǊΦ mȅƭŜ ƪƛ ƘƛŘǊƻƧŜƴΣ Ŧƻǎƛƭ ȅŀƪƤǘƭŀǊŘŀƴ ǾŜȅŀ ƴǸƪƭŜŜǊ 

enerjiden21 termokimyasŀƭ ȅǀƴǘŜƳƭŜǊƭŜ ǀȊŜƭƭƛƪƭŜ ŘƻƐŀƭ ƎŀȊŘŀƴ ōǳƘŀǊ ǊŜŦƻǊƳŀǎȅƻƴǳ22 ȅƻƭǳ ƛƭŜ ōǳƴǳƴ ȅŀƴƤƴŘŀ 

ōƛȅƻƪǸǘƭŜŘŜƴ23 ǾŜ ƎǸƴŜǒ ŜƴŜǊƧƛǎƛ24 ŀǊŀŎƤƭƤƐƤȅƭŀ ŘŜ ǸǊŜǘƛƭƳŜƪǘŜŘƛǊΦ Iŀǘǘŀ ƻǊƎŀƴƛƪ ƻƭŀǊŀƪ ōƛȅƻƪƛƳȅŀǎŀƭ ȅǀƴǘŜƳƭŜ 

ŦƻǘƻǎŜƴǘŜǘƛƪ tb{ ōŀƪǘŜǊƛƭŜǊŘŜƴ όƳƻǊ ōŀƪǘŜǊƛƭŜǊύ ōƛƭŜ ƘƛŘǊƻƧŜƴ ǸǊŜǘƛƳƛ ƳǸƳƪǸƴŘǸǊΦ IƛŘǊƻƧŜƴƛƴ ōǳ ŀƴƭŀƳŘŀ œŜǒƛǘƭƛ 

hammaddelerŘŜƴ ƪƻƭŀȅŎŀ ŜƭŘŜ ŜŘƛƭƳŜǎƛ ƻƴǳ ǀƴŜƳƭƛ ōƛǊ ŜƴŜǊƧƛ ǘŀǒƤȅƤŎƤǎƤ ƘŀƭƛƴŜ ƎŜǘƛǊƳŜƪǘŜŘƛǊΦ !ȅƴƤ ȊŀƳŀƴŘŀ 

ƘƛŘǊƻƧŜƴƛƴΣ ǎŜǊŀ ƎŀȊƭŀǊƤ ǎŀƭƤƴƤƳƤƴŀ ȅƻƭ ŀœƳŀƳŀǎƤ ǾŜ ǘŀǒƤƴƳŀǎƤƴƤƴ ƛǎŜΣ ōƻǊǳƭŀǊΣ ǘŀƴƪŜǊƭŜǊ ŀǊŀŎƤƭƤƐƤ ƛƭŜ ƎǸǾŜƴƛƭƛǊ ōƛǊ 

 
20 IƛŘǊƻƧŜƴΣ ŘƻƐŀŘŀ ǎŜǊōŜǎǘ ƘŀƭŘŜ ōǳƭǳƴƳŀȊ ǾŜ ƘƛŘǊƻƪŀǊōƻƴ ƪŀȅƴŀƪƭŀǊΣ ǎǳΣ ōƛȅƻƪǸǘƭŜ Ǝƛōƛ œŜǒƛǘƭƛ ƘŀƳƳŀŘŘŜƭŜǊŘŜƴ ǸǊŜǘƛƭƛǊΦ .ǳ 
ȅǸȊŘŜƴ ƛƪƛƴŎƛƭ ōƛǊ ȅŀƪƤǘ ǀȊŜƭƭƛƐƛ ƎǀǎǘŜǊƳŜǎƛ ƴŜŘŜƴƛȅƭŜ ōƛǊ ŜƴŜǊƧƛ ǘŀǒƤȅƤŎƤǎƤ ƻƭŀǊŀƪ ƛŦŀŘŜ ŜŘƛƭƳŜƪǘŜŘƛǊΦ 
21 «ǊŜǘƛƭŜƴ ŜƭŜƪǘǊƛƐƛƴ ŜƭŜƪǘǊƻƭƛȊŘŜ ƪǳƭƭŀƴƤƭƳŀǎƤȅƭŀ ǾŜȅŀ ȅǸƪǎŜƪ ǎƤŎŀƪƭƤƪ ǊŜŀƪǘǀǊƭŜǊƛƴŘŜƴ όIƛƎƘ ¢ŜƳǇŜǊŀǘǳǊŜ wŜŀŎǘƻǊκI¢wύ ƤǎƤ 
ȅƻƭǳȅƭŀ ƘƛŘǊƻƧŜƴ ǸǊŜǘƛƳƛ ǎŀƐƭŀƴƳŀƪǘŀŘƤǊΦ bǸƪƭŜŜǊ ŜƴŜǊƧƛŘŜƴ ŜƭŘŜ ŜŘƛƭŜƴ ƤǎƤȅƭŀ ƘƛŘǊƻƧŜƴ ǸǊŜǘƛƳƛ ȅŀ ŜƭŜƪǘǊƻƭƛȊ ȅŀ Řŀ 
ǘŜǊƳƻƪƛƳȅŀǎŀƭ ǎǸǊŜœƭŜǊƭŜ ȅŀǇƤƭƳŀƪǘŀŘƤǊΦ ¢ŜǊƳƻƪƛƳȅŀǎŀƭ ǎǸǊŜœ ŜƭŜƪǘǊƻƭƛȊ ȅǀƴǘŜƳƛƴŜ ƎǀǊŜ ŘŀƘŀ ȅǸƪǎŜƪ ǾŜǊƛƳ ǎŀƐƭŀƳŀƪǘŀŘƤǊ 
όtƻƭŀǘ ǾŘΦΣ нлмнΥрнύΦ ¢ŜǊƳƻƪƛƳȅŀǎŀƭ ȅǀƴǘŜƳŘŜ ǎǳ ōǳƘŀǊƤ мсрл ɕC-1750 ɕC ǎƤŎŀƪƭƤƪǘŀ ǘŜǊƳƛƪ ŀȅǊƤǒƳŀȅŀ ǳƐǊŀǊ ǾŜ ƘƛŘǊƻƧŜƴ ƛƭŜ 
ƻƪǎƛƧŜƴŜ ǇŀǊœŀƭŀƴƤǊΦ 
22 700ɕC-100 ɕ/ ŀǊŀǎƤƴŘŀƪƛ ōǳƘŀǊ ƛƭŜ ŘƻƐŀƭ ƎŀȊƤƴ ƛœƛƴŘŜƪƛ ƳŜǘŀƴƤƴ ƪŀǊōƻƴŘŀƴ ŀȅǊƤǒǘƤǊƤƭƳŀǎƤΦ 
23 .ƛȅƻƪǸǘƭŜŘŜƴ ƘƛŘǊƻƧŜƴ ŜƭŘŜǎƛ ǎǀȊ ƪƻƴǳǎǳ ƪŀȅƴŀƐƤƴ ȅǸƪǎŜƪ ǎƤŎŀƪƭƤƪ ǾŜ ŘǸǒǸƪ ōŀǎƤƴœ ŀƭǘƤƴŘŀ ƎŀȊƭŀǒǘƤǊƤƭƳŀǎƤ ȅƻƭǳȅƭŀ 
ƎŜǊœŜƪƭŜǒǘƛǊƛƭƳŜƪǘŜŘƛǊΦ 
24 ¸ŜƴƛƭŜƴŜōƛƭƛǊ ƪŀȅƴŀƪƭŀǊŘŀƴ ƘƛŘǊƻƧŜƴ ŜƭŘŜǎƛΣ ōǳ ƪŀȅƴŀƪƭŀǊŘŀƴ ǸǊŜǘƛƭŜƴ ŜƭŜƪǘǊƛƪ ǎŀȅŜǎƛƴŘŜ ǎǳȅǳƴ ŜƭŜƪǘǊƻƭƛȊƛ ȅƻƭǳȅƭŀ 
ƻƭƳŀƪǘŀŘƤǊΦ DǸƴŜǒ ŜƴŜǊƧƛǎƛƴŘŜƴ ŘŜ ōǳ ȅƻƭƭŀ ƘƛŘǊƻƧŜƴ ǸǊŜǘƛƭŜōƛƭƳŜƪǘŜŘƛǊΦ !ȅǊƤŎŀ ƎǸƴŜǒ ŜƴŜǊƧƛǎƛƴden termoliz yoluyla hidrojen 
ǸǊŜǘƛƭƳŜǎƛ ŘŜ ƳǸƳƪǸƴŘǸǊΦ .ǳ ȅǀƴǘŜƳŘŜ ƎǸƴŜǒ ŜƴŜǊƧƛǎƛƴŘŜƴ ȅŀǊŀǊƭŀƴŀǊŀƪ ǎǳ ōǳƘŀǊƤ мсрл ɕC-1750 ɕ/ ǎƤŎŀƪƭƤƪǘŀ ǘŜǊƳƛƪ 
ŀȅǊƤǒƳŀȅŀ ǳƐǊŀȅŀǊŀƪ ƘƛŘǊƻƧŜƴ ƛƭŜ ƻƪǎƛƧŜƴŜ ǇŀǊœŀƭŀƴƤǊΦ 
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ǒŜƪƛƭŘŜ ȅŀǇƤƭŀōƛƭƳŜǎƛ ƴŜŘŜƴƛȅƭŜΣ ȅŜǒƛƭ ȅŀ Řŀ ȅŜƴƛƭŜƴŜōƛƭƛǊ ŜƴŜǊƧƛ ƪŀȅƴŀƪƭŀǊƤƴŀ ŘŀȅŀƭƤ ōƛǊ ŜƪƻƴƻƳƛƴƛƴ 

ǇƻƭƛǘƛƪŀƭŀƴŘƤǊƤƭƳŀǎƤƴŘŀ ƻƭŘǳƪœŀ ōǸȅǸƪ ōƛǊ ǀƴŜƳ ŀǊȊ ŜǘǘƛƐƛ ǎǀȅƭŜƴŜōƛƭƛǊ ό!ǎƭŀƴ ϧ mȊŎŀƴΣ нллуΥ мрфύΦ 

.ǳƴŀ ƎǀǊŜ ƘƛŘǊƻƧŜƴ ǸǊŜǘƛƳƛƴŘŜ ŜƭŜƪǘǊƻƭƛȊΣ ǘŜǊƳƻƭƛȊΣ ƪƛƳȅŀǎŀƭΣ ǘŜǊƳƻƪƛƳȅŀǎŀƭΣ ŦƻǘƻƭƛȊ ǾŜ ōƛȅƻƭƻƧƛƪ ƻƭƳŀƪ ǸȊŜǊŜ 

œŜǒƛǘƭƛ ȅǀƴǘŜƳƭŜǊ ƪǳƭƭŀƴƤƭƳŀƪǘŀŘƤǊΦ .ǳƴǳƴƭŀ ōƛǊƭƛƪǘŜ ƳŜǾŎǳǘ ŘǳǊǳƳŘŀ ƘƛŘǊƻƧŜƴ ǸǊŜǘƛƳƛƴŘŜ ǘŜƪƴƛƪ ǾŜ ƳŀƭƛȅŜǘ Ŝǎŀǎ 

ŀƭƤƴŘƤƐƤƴŘŀ Ŝƴ ȅŀȅƎƤƴ ƳŜǘƻǘΣ Ŧƻǎƛƭ ȅŀƪƤǘƭŀǊŘŀƴ ƘƛŘǊƻƧŜƴ ŜƭŘŜǎƛŘƛǊΦ .ǳ ŀƴƭŀƳŘŀ Ŝƴ ŦŀȊƭŀ ǀƴŜ œƤƪŀƴ Ŧƻǎƛƭ ȅŀƪƤǘ ƛǎŜ 

ŘƻƐŀƭ ƎŀȊŘƤǊΦ YǸǊŜǎŜƭ ōŀȊŘŀ Ŝƴ ŦŀȊƭŀ ƘƛŘǊƻƧŜƴ ǸǊŜǘƛƳƛ ōǳ ȅƻƭƭŀ ƎŜǊœŜƪƭŜǒǘƛǊƛƭƳŜƪǘŜŘƛǊΦ IƛŘǊƻƧŜƴƛƴ ҈пуΩƛ ŘƻƐŀƭ 

ƎŀȊŘŀƴΣ ҈олΩǳ ǇŜǘǊƻƭŘŜƴΣ ҈муΩƛ ƪǀƳǸǊŘŜƴΣ ҈пΩǸ ƛǎŜ ŜƭŜƪǘǊƻƭƛȊ ȅƻƭǳȅƭŀ ŜƭŘŜ ŜŘƛƭƳŜƪǘŜŘƛǊ όLw9b!Σ нлмуΥ мпύΦ 

мфтрΩǘŜƴ ƎǸƴǸƳǸȊŜ Ǹœ ƪŀǘǘŀƴ ŦŀȊƭŀ ōǸȅǸȅŜƴ ƘƛŘǊƻƧŜƴ ǘŀƭŜōƛ ŀǊǘƳŀȅŀ ŘŜǾŀƳ ŜǘƳŜƪǘŜ ǾŜ ƴŜǊŜŘŜȅǎŜ ƘƛŘǊƻƧŜƴ 

ǸǊŜǘƛƳƛ ǘŀƳŀƳŜƴ Ŧƻǎƛƭ ȅŀƪƤǘƭŀǊŘŀƴ ǎŀƐƭŀƴƳŀƪǘŀŘƤǊΦ .ǳ ŀƴƭŀƳŘŀ ƪǸǊŜǎŜƭ ǀƭœŜƪǘŜ ƎŀȊƤƴ ҈сΩǎƤΣ ƪǀƳǸǊǸƴ ƛǎŜ ҈нΩǎƛ 

ƘƛŘǊƻƧŜƴ ǸǊŜǘƛƳƛƴŘŜ ƪǳƭƭŀƴƤƭƳŀƪǘŀŘƤǊ όL9!Σ нлмфΥ мт) ( Ŝƪƛƭ мύΦ 

 

 Ŝƪƛƭ мΦ YǸǊŜǎŜƭ IƛŘǊƻƧŜƴ «ǊŜǘƛƳƛ όŜƭŘŜ ŜŘƛƭŘƛƐƛ ǘǸǊŜ ƎǀǊŜύ 

* tahmini 

ϝϝ 5ƻƐǊǳŘŀƴ TƴŘƛǊƎŜƴƳƛǒ 5ŜƳƛǊ όDirect Reduced Iron) 

Kaynak: IEA, 2019: 18 

YǸǊŜǎŜƭ ƘƛŘǊƻƧŜƴ ǘŀƭŜōƛ ǾŜ ǸǊŜǘƛƳƛ ƘŜǊ ȅƤƭ ƛǎǘƛƪǊŀǊƭƤ ōƛǊ ŀǊǘƤǒ ƎǀǎǘŜǊƳŜƪǘŜŘƛǊΦ IƛŘǊƻƧŜƴƛƴ ǎŜƪǘǀǊŜƭ ƪǳƭƭŀƴƤƳ 

œŜǒƛǘƭƛƭƛƐƛƴƛƴ ŀǊǘƳŀǎƤ ǘŀƭŜǇ ǾŜ ǸǊŜǘƛƳŘŜƪƛ ȅǸƪǎŜƭƛǒƛƴ Ŝƴ ǀƴŜƳƭƛ ǎŜōŜōƛŘƛǊΦ IƛŘǊƻƧŜƴ ōƛǊœƻƪ ŀƳŀœ ƛœƛƴ 

ƪǳƭƭŀƴƤƭŀōƛƭƳŜƪǘŜŘƛǊΦ DǸƴǸƳǸȊŘŜ ƘƛŘǊƻƧŜƴ ǎŀȅŜǎƛƴŘŜ ŜƴŜǊƧƛȅƛ ŦŀǊƪƭƤ ǒŜƪƛƭƭŜǊŘŜ ǸǊŜǘŜōƛƭŜŎŜƪΣ ŘŜǇƻƭŀȅŀōƛƭŜŎŜƪΣ 

ǘŀǒƤȅŀōƛƭŜŎŜƪ ǾŜ ƪǳƭƭŀƴŀōƛƭŜŎŜƪ ǘŜƪƴƻƭƻƧƛƭŜǊ ōǳƭǳƴƳŀƪǘŀŘƤǊΦ ¸ŜƴƛƭŜƴŜōƛƭƛǊ ǾŜ ƴǸƪƭŜŜǊ ŜƴŜǊƧƛ ƪŀȅƴŀƪƭŀǊƤ ƛƭŜ ŘƻƐŀƭ 

ƎŀȊΣ ƪǀƳǸǊ ǾŜ ǇŜǘǊƻƭ Ǝƛōƛ ȅŀƪƤǘƭŀǊƭŀ ƘƛŘǊƻƧŜƴ ǸǊŜǘŜōƛƭƳŜƪǘŜŘƛǊΦ  

Hidrojen, boru ƘŀǘƭŀǊƤȅƭŀ ǾŜ ƎŜƳƛƭŜǊƭŜ ǎƤǾƤ ƘŀƭŘŜ ǘŀǒƤƴŀōƛƭƛǊΦ mȅƭŜ ƪƛ Ƙŀƭƛ ƘŀȊƤǊŘŀ ǘǸƳ ŘǸƴȅŀŘŀ ōǳƭǳƴŀƴ ŘƻƐŀƭ ƎŀȊ 

ōƻǊǳ ƘŀǘƭŀǊƤƴƤƴ ŘǸǒǸƪ ōƛǊ ƳŀƭƛȅŜǘŜ ƪŀǊǒƤƭƤƪ ƎŜƭŜŎŜƪ ǒŜƪƛƭŘŜ ƘƛŘǊƻƧŜƴ ǘŀǒƤƳŀŎƤƭƤƐƤƴŘŀ ƪǳƭƭŀƴƤƭŀōƛƭƳŜǎƛ ƳǸƳƪǸƴŘǸǊΦ 

IƛŘǊƻƧŜƴΣ ŜƭŜƪǘǊƛƐŜ ǾŜ ƳŜǘŀƴŀ ŘǀƴǸǒǘǸǊǸƭŜǊŜƪ ŜǾƭŜǊ ǾŜȅŀ ȅŜƳ ǎŜƪǘǀǊǸ ƛœƛƴ ŜƴŜǊƧƛ ǸǊŜǘŜōƛƭƛǊ ǾŜȅŀ ƻǘƻƳƻōƛƭƭŜǊŘŜΣ 

ƪŀƳȅƻƴƭŀǊŘŀΣ ǘǊŜƴƭŜǊŘŜΣ ƎŜƳƛƭŜǊŘŜ ǾŜ ǳœŀƪƭŀǊŘŀ ȅŀƪƤǘ ƻƭŀǊŀƪ ƪǳƭƭŀƴƤƭŀōƛƭƛǊ ό²9/Σ нлмфΥ мύΦ Iŀǘǘŀ ǸƭƪŜƭŜǊƛƴ 

ǎŀǾǳƴƳŀ ŀƭŀƴƭŀǊƤƴŘŀ ŦŀŀƭƛȅŜǘ ƎǀǎǘŜǊŜƴ ŘŜƴƛȊŀƭǘƤ ŀǊŀœƭŀǊƤƴŘŀ Řŀ ƘƛŘǊƻƧŜƴ ƪǳƭƭŀƴƤƭŀōilmektedir. 

IƛŘǊƻƧŜƴƛƴ ƪǳƭƭŀƴƤƳƤƴŘŀ ǀȊŜƭƭƛƪƭŜ ǎŀƴŀȅƛ ǎŜƪǘǀǊǸ ǀƴŜ œƤƪƳŀƪǘŀŘƤǊΦ mȅƭŜ ƪƛ ƘƛŘǊƻƧŜƴƛƴ ƪǳƭƭŀƴƤƳƤ ǎŀƴŀȅƛ ǎŜƪǘǀǊǸ 

ƛœƛƴŘŜƪƛ ƎŜƴŜƭ ŜƴŘǸǎǘǊƛŘŜ όȅŀǊƤ ƛƭŜǘƪŜƴΣ ȅŀƪƤǘΣ ŎŀƳ ǸǊŜǘƛƳƛΣ ōƛǘƪƛǎŜƭ ȅŀƐƭŀǊƤƴ ƘƛŘǊƻƧŜƴŜǊŀǎȅƻƴǳ ǾŜ ƧŜƴŜǊŀǘǀǊƭŜǊƛƴ 
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ǎƻƐǳǘǳƭƳŀǎƤ ŀƭŀƴƭŀǊƤƴŘŀύ ҈млΣ ŘŜƳƛǊ œŜƭƛƪ ǾŜ ǊŀŦƛƴŜ ƛǒƭŜƳƭŜǊƛƴŘŜ όœŜƭƛƪ ǸǊŜǘƛƳƛƴŘŜ ŘŜƳƛǊ ƛƴŘƛǊƎŜƳŜ25 

ƛǒƭŜƳƭŜǊƛƴŘŜ ƎŀȊ ƻƭŀǊŀƪ ǾŜ ǎǳ ŀǊƤǘƳŀŘŀ ŀƴǘƛƻƪǎƛŘŀƴ ƻƭŀǊŀƪύ ҈нрΣ ƪƛƳȅŀ ǎŜƪǘǀǊǸƴŘŜ ϑŀƳƻƴȅŀƪ όƎǸōǊŜΣ ƛƭŀœΣ ōƻȅŀ 

ȅŀǇƤƳƤύΣ ǇƻƭƛƳŜǊ όƪƛƳȅŀǎŀƭ ǊŜƪŀǎƛȅƻƴƭŀ ǘŜƪǎǘƛƭΣ ǎŀƐƭƤƪΣ ƻǘƻƳƻǘƛǾΣ ŜƭŜƪǘǊƻƴƛƪΣ ƎƤŘŀΣ ȅŀǇƤ ƳŀƭȊŜƳŜƭŜǊƛ ŀƭŀƴƭŀǊƤƴŘŀ 

œƻƪ ǎŀȅƤŘŀ ǸǊǸƴ ǸǊŜǘƛƳƛΣ ǊŜœƛƴŜ όǸǊǸƴƭŜǊƛƴ ōƛǊƭŜǒǘƛǊƛƭƳŜǎƛ ǾŜ ȅŀǇƤǒǘƤǊƤƭƳŀǎƤύϒ ҈срΩǘƛǊ όLw9b!Σ нлмуΥ мпύΦ 

.ǳƴǳƴ ȅŀƴƤƴŘŀ ǳȅƎǳƭŀƴŀōƛƭƛǊ ōƛǊ ƘƛŘǊƻƧŜƴ ŀƭǘȅŀǇƤǎƤΣ ƘƛŘǊƻƧŜƴƛƴ ǸǊŜǘƛƭŘƛƐƛ ȅŜǊŘŜƴ ǎƻƴ ƪǳƭƭŀƴƤƳ ƴƻƪǘŀǎƤƴŀΣ ǀǊƴŜƐƛƴ 

ōƛǊ ȅŀƪƤǘ ƛǎǘŀǎȅƻƴǳƴŀ ǘŜǎƭƛƳ ŜŘƛƭƳŜǎƛƴƛ ƎŜǊŜƪǘƛǊƛǊΦ !ƭǘȅŀǇƤΣ ȅŀƪƤǘ ŘŀƐƤǘƤƳ ǎǸǊŜŎƛƴŘŜ ȅŜǊ ŀƭŀƴ ōƻǊǳ ƘŀǘƭŀǊƤƴƤΣ 

ƪŀƳȅƻƴƭŀǊƤΣ ŘŜǇƻƭŀƳŀ ǘŜǎƛǎƭŜǊƛƴƛΣ ƪƻƳǇǊŜǎǀǊƭŜǊƛ ǾŜ ŘŀƐƤǘƤŎƤƭŀǊƤ ƛœŜǊƳŜƪǘŜŘƛǊΦ IƛŘǊƻƧŜƴ ŀƭǘȅŀǇƤǎƤ ƛœƛƴ ŘŀƐƤǘƤƳ 

ǘŜƪƴƻƭƻƧƛǎƛ Ƙŀƭƛ ƘŀȊƤǊŘŀ ǘƛŎŀǊƛ ƻƭŀǊŀƪ ƳŜǾŎǳǘǘǳǊ ǾŜ ōƛǊƪŀœ !.5 ǒƛǊƪŜǘƛ ōǳƎǸƴ ǘƻǇƭǳ ƘƛŘǊƻƧŜƴ ǘŜŘŀǊƛƪ 

etmektedir. IƛŘǊƻƧŜƴ ŜƴŘǸǎǘǊƛȅŜƭ ǳȅƎǳƭŀƳŀƭŀǊŘŀ ǳȊǳƴ ǎǸǊŜŘƛǊ ƪǳƭƭŀƴƤƭŘƤƐƤ ƛœƛƴ ŀƭǘȅŀǇƤƴƤƴ ōƛǊ ƪƤǎƳƤ ōǳ ȅǸȊŘŜƴ 

ƘŀƭƛƘŀȊƤǊŘŀ ƳŜǾŎǳǘΣ ŀƴŎŀƪ ōǳΣ ōƛǊ ŜƴŜǊƧƛ ǘŀǒƤȅƤŎƤǎƤ ƻƭŀǊŀƪ ƘƛŘǊƻƧŜƴ ƪǳƭƭŀƴƤƳƤƴƤƴ ȅŀȅƎƤƴ ƻƭŀǊŀƪ ǘǸƪŜǘƛŎƛȅŜ ǎǳƴǳƭƳŀǎƤ 

ƛœƛƴ ǘŜƪ ōŀǒƤƴŀ ȅŜǘŜǊƭƛ ŘŜƐƛƭŘƛǊ ό99w9Σ нлнлύΦ 

IƛŘǊƻƧŜƴƛƴ ǸǊŜǘƛƳ ǾŜ ŘŀƐƤǘƤƳ ƛƭƛǒƪƛǎƛ ŜƭŜ ŀƭƤƴŘƤƐƤƴŘŀ ǀǊƴŜƐƛƴ ŘǸƴȅŀƴƤƴ Ŝƴ ǳȊǳƴ ƘƛŘǊƻƧŜƴ ōƻǊǳ ƘŀǘǘƤ ǘŀǒƤƳŀ ŀƐƤƴŀ 

ǎŀƘƛǇ ƻƭŀƴ !.5ΩŘŜ ƪǳƭƭŀƴƤƭŀƴ ƘƛŘǊƻƧŜƴƛƴ œƻƐǳΣ ƪǳƭƭŀƴƤƭŘƤƐƤ ȅŜǊŘŜ ȅŀ Řŀ ōǳƴǳƴ ȅŀƪƤƴƤƴŘŀΣ ƎŜƴŜƭƭƛƪƭŜ ōǸȅǸƪ ǎŀƴŀȅƛ 

ǎƛǘŜƭŜǊƛƴŘŜ ǸǊŜǘƛƭƳŜƪǘŜŘƛǊΦ ̧ ŀƪƤǘ ƘǸŎǊŜƭƛ ŜƭŜƪǘǊƛƪƭƛ ŀǊŀœƭŀǊƤƴ ȅŀȅƎƤƴ ƻƭŀǊŀƪ ƪǳƭƭŀƴƤƭƳŀǎƤ ƛœƛƴ ƎŜǊŜƪƭƛ ƻƭŀƴ ǸƭƪŜ 

œŀǇƤƴŘŀƪƛ ȅŀƪƤǘ ƛǎǘŀǎȅƻƴƭŀǊƤ ŀƐƤƴŀ ƘƛŘǊƻƧŜƴƛ ŘŀƐƤǘƳŀƪ ƛœƛƴ ƎŜǊŜƪƭƛ ŀƭǘȅŀǇƤƴƤƴ ƎŜƭƛǒǘƛrilmesi gerekmektedir. Hali 

ƘŀȊƤǊŘŀ ƘƛŘǊƻƧŜƴ ŘŀƐƤǘƤƳƤ Ǹœ ǒŜƪƛƭŘŜ ƎŜǊœŜƪƭŜǒǘƛǊƛƭƳŜƪǘŜŘƛǊΦ .ǳƴƭŀǊΤ ƎŀȊ ƻƭŀǊŀƪ ōƻǊǳ ƘŀǘƭŀǊƤ ȅƻƭǳȅƭŀΣ ǎƤƪƤǒǘƤǊƤƭƳƤǒ 

ƘƛŘǊƻƧŜƴ ƎŀȊƤƴƤƴ ƪŀƳȅƻƴΣ ǾŀƎƻƴΣ ƎŜƳƛ ǾŜȅŀ ƳŀǾƴŀ ƳŀǊƛŦŜǘƛȅƭŜ ȅǸƪǎŜƪ ōŀǎƤƴœƭƤ ǘǸǇ ǘǊŜȅƭŜǊŘŜ ǘŀǒƤƴƳŀǎƤ ȅƻƭǳȅƭŀ ǾŜ 

sƤǾƤƭŀǒǘƤǊƤƭƳƤǒ ƘƛŘǊƻƧŜƴƛƴ ȅƛƴŜ ƪŀƳȅƻƴΣ ǾŀƎƻƴΣ ƎŜƳƛ ǾŜȅŀ ƳŀǾƴŀ ȅƻƭǳȅƭŀ ǘŀǒƤƴƳŀǎƤ ǒŜƪƭƛƴŘŜŘƛǊΦ 5ƛƐŜǊ ȅŀƴŘŀƴ 

ȅŀƪƤǘ ƛǎǘŀǎȅƻƴƭŀǊƤƴŘŀ ƘƛŘǊƻƧŜƴ ǸǊŜǘƳŜƪ ŘŀƐƤǘƤƳ ƳŀƭƛȅŜǘƭŜǊƛƴƛ ŘǸǒǸǊǸǊƪŜƴ ȅŜǊƛƴŘŜ ǸǊŜǘƛƳ ǘŜƪƴƛƪƭŜǊƛ ƻƭǳǒǘǳǊƳŀ 

ƳŀǎǊŀŦƭŀǊƤ ƴŜŘŜƴƛȅƭŜ ǸǊŜǘƛƳ ƳŀƭƛȅŜǘƭŜǊƛƴƛ ŀǊǘƤǊƳŀƪǘŀŘƤǊ ό!C5/ 9ƴŜǊƎȅΣ нлнлύΦ 

¢ŜƳŜƭŘŜ ƛƪƛ ƘƛŘǊƻƧŜƴ ȅŀƪƤǘ ƛǎǘŀǎȅƻƴǳ ǘǸǊǸ ǾŀǊŘƤǊΦ .ǳƴƭŀǊŘŀƴ ƛƭƪƛΣ ƘƛŘǊƻƧŜƴƛƴ ōŀǒƪŀ ōƛǊ ȅŜǊŘŜ ǸǊŜǘƛƭŘƛƐƛΣ ōǳ 

ŀƴƭŀƳŘŀ ȅŜǊŜƭ ŘŜǇƻƭŀƳŀ ǾŜ ŀǊŀœƭŀǊŀ ŘŀƐƤǘƤƳ ƛœƛƴ ŘƻƭǳƳ ƴƻƪǘŀǎƤƴŀ ǘŜǎƭƛƳ ŜŘƛƭŘƛƐƛ όƎŀȊ ǾŜ ǎƤǾƤ ƻƭŀǊŀƪύ 

istasyonlardƤǊΦ 5ƛƐŜǊƛ ƛǎŜ ƘƛŘǊƻƧŜƴƛƴ ȅŜǊƛƴŘŜ ǸǊŜǘƛƭŘƛƐƛ ǾŜ ŘŀƘŀ ǎƻƴǊŀ ŀǊŀœƭŀǊƤƴ ƘƛŘǊƻƧŜƴ ŘŜǇƻǎǳƴŀ ŀƪǘŀǊƤƭƳŀƪ 

ǸȊŜǊŜ ŘŜǇƻƭŀƴŘƤƐƤ ƛǎǘŀǎȅƻƴƭŀǊŘƤǊΦ .ŀȊƤ ƛǎǘŀǎȅƻƴƭŀǊ ƘŜǊ ƛƪƛ ǘǸǊǸƴ ōƛǊ ƪƻƳōƛƴŀǎȅƻƴǳ ƻƭŀōƛƭƛǊ ό!ƭŀȊŜƳƛ ϧ !ƴŘǊŜǿǎΣ 

нлмрΥ пууύΦ .ƛǊ ƘƛŘǊƻƧŜƴ ȅŀƪƤǘ ƛǎǘŀǎȅƻƴǳ ό Ŝƪƛƭ 2). 

 
25 5ŜƳƛǊ ŎŜǾƘŜǊƛƴŘŜƴ ŜǊƛƳŜ ƴƻƪǘŀǎƤƴƤƴ ŀƭǘƤƴŘŀ ŘƻƐŀƭ ƎŀȊ ȅŀ Řŀ ƘƛŘǊƻƧŜƴ ƎŀȊƭŀǊƤƴƤ ȅŀƪƤǘ ƻƭŀǊŀƪ ƪǳƭƭŀƴŀǊŀƪΣ ƻƪǎƛƧŜƴƛƴ 

ǳȊŀƪƭŀǒǘƤǊƤƭƳŀǎƤ ǎǳǊŜǘƛȅƭŜ ȅǸƪǎŜƪ ƻǊŀƴŘŀ ƳŜǘŀƭƛƪ ŘŜƳƛǊ ƛœŜǊŜƴ ƪŀǘƤ ōƛǊ ǸǊǸƴǸƴ όŘƛǊŜŎǘ ǊŜŘǳŎŜŘ ƛǊƻƴκ5wLΣ ŘƛǊŜƪǘ ƛƴŘƛǊƎŜƴƳƛǒ 

ŘŜƳƛǊ ǾŜȅŀ ǎǇƻƴƎŜ ƛǊƻƴκǎǸƴƎŜǊ ŘŜƳƛǊύ ŜƭŘŜ ŜŘƛƭƳŜǎƛƴƛ ǎŀƐƭŀȅŀƴ ȅǀƴǘŜƳƭŜǊŜ ά5ƛǊŜƪǘ TƴŘƛǊƎŜƳŜκ5w tǊƻǎŜǎƭŜǊƛέ ŘŜƴƛǊΦ 9ƭŘŜ 

ŜŘƛƭŜƴ ƪŀǘƤ ǸǊǸƴŜΣ ǎǸƴƎŜǊƛƳǎƛ ōƛǊ ƎǀǊǸƴǸƳ ŀǊȊŜŘŜƴ ȅǸƪǎŜƪ ƻǊŀƴŘŀƪƛ ƎǀȊŜƴŜƪƭƛƭƛƐƛƴŘŜƴ ŘƻƭŀȅƤ ά{ǸƴƎŜǊ 5ŜƳƛǊκ{ǇƻƴƎŜ LǊƻƴέ 

ƛǎƳƛ ŘŜ ǾŜǊƛƭƳŜƪǘŜŘƛǊ ό5ŜƳƛǊ 4Ŝƭƛƪ {ǘƻǊŜΣ нлнлύΦ 
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 Ŝƪƛƭ нΦ IƛŘǊƻƧŜƴ ¸ŀƪƤǘ Tǎǘŀǎȅƻƴǳ26 

Kaynak: We Engineer Hightech (WEH), 2020 

DŀȊ ƻƭŀǊŀƪ ǘŜǎƭƛƳ ŜŘƛƭŜƴ ƘƛŘǊƻƧŜƴƛ ƪǳƭƭŀƴŀƴ ƛǎǘŀǎȅƻƴƭŀǊ ƛœƛƴ ƻǊǘŀƭŀƳŀ мул ƪƎ κ ƎǸƴ ŘŜǇƻƭŀƳŀȅŀ ǾŜ ŜƪƛǇƳŀƴΣ 

ǘŀǎŀǊƤƳΣ ƛƴǒŀŀǘ ƛƭŜ ŘŜǾǊŜȅŜ ŀƭƳŀ ŘŀƘƛƭ ƻƭƳŀƪ ǸȊŜǊŜ ǘŀƘƳƛƴƛ ǘƻǇƭŀƳ ƳŀƭƛȅŜǘ н Ƴƛƭȅƻƴ ŘƻƭŀǊŘƤǊΦ {ƤǾƤ ƻƭŀǊŀƪ ǘŜǎƭƛƳ 

ŜŘƛƭŜƴ ƘƛŘǊƻƧŜƴƛ ƪǳƭƭŀƴŀƴ ƛǎǘŀǎȅƻƴƭŀǊ ƛœƛƴ ƻǊǘŀƭŀƳŀ ŘŜǇƻƭŀƳŀǎƤ орл ƪƎ κ ƎǸƴ ǾŜ ǘŀƘƳƛƴƛ ǘƻǇƭŀƳ ƛƴǒŀ ƛƭŜ ŘŜǾǊŜȅŜ 

ŀƭƳŀ ƳŀƭƛȅŜǘƛ нΣу Ƴƛƭȅƻƴ ŘƻƭŀǊŘƤǊΦ {ǳȅǳƴ ŜƭŜƪǘǊƻƭƛȊƛƴŘŜƴ ȅŀǊŀǊƭŀƴŀǊŀƪ όǀǊƴŜƐƛƴ ƎǸƴŜǒ ŜƴŜǊƧƛǎƛ ȅƻƭǳȅla) yerinde 

ƘƛŘǊƻƧŜƴ ǸǊŜǘŜƴ ƛǎǘŀǎȅƻƴƭŀǊ ƛœƛƴ ƻǊǘŀƭŀƳŀ ŘŜǇƻƭŀƳŀǎƤ мнл ƪƎ κ ƎǸƴ ǾŜ ǘŀƘƳƛƴƛ ǘƻǇƭŀƳ ƛƴǒŀ ƛƭŜ ŘŜǾǊŜȅŜ ŀƭƳŀ 

ƳŀƭƛȅŜǘƛ оΣн Ƴƛƭȅƻƴ ŘƻƭŀǊŘƤǊ ό/!C/tΣ нлнлύΦ  

.ǳƴǳƴ ȅŀƴƤƴŘŀ ȅƤƭƭŀǊŘŀƴ ōŜǊƛ ƛœŜǊƛƐƛƴŘŜƪƛ ƪǸƪǸǊǘǸƴ ǳȊŀƪƭŀǒǘƤǊƤƭƳŀǎƤ ŀƳŀŎƤȅƭŀ ǇŜǘǊƻƭǸƴ ƛǒƭŜƴƳŜǎƛ ǎǸǊŜŎƛƴŘŜ 

ǊŀŦƛƴŜƭŜǊƛƭŜǊ ǾŜ ƎǸōǊŜ ǸǊŜǘƛƳƛ Ǝƛōƛ ŜƴŘǸǎǘǊƛȅŜƭ ŀƭŀƴƭŀǊŘŀ ƪǳƭƭŀƴƤƭŀƴ ƘƛŘǊƻƧŜƴ !ǾǊǳǇŀΩŘŀ ƎŜƴƛǒ ōƛǊ ŀƐŀ ǎŀƘƛǇǘƛǊΦ 

.Ŝƭœƛƪŀ ǾŜ IƻƭƭŀƴŘŀΩŘŀ ŘǸƴȅŀƴƤƴ Ŝƴ ōǸȅǸƪ ƘƛŘǊƻƧŜƴ ŀƐƭŀǊƤƴŘŀƴ ōƛǊƛ ōǳƭǳƴƳŀƪǘŀŘƤǊ όIȅ[ŀǿΣ нлмфΥ мύΦ IƛŘǊƻƧŜƴ 

ŀƐƭŀǊƤƴŀ ǎŀƘƛǇ ƻƭŀƴ ǸƭƪŜƭŜǊƛƴ ƪƳ ƻƭŀǊŀƪ ōƻǊǳ ƘŀǘƭŀǊƤƴƤƴ ǳȊǳƴƭǳƐǳ ǒǀȅƭŜŘƛǊΤ !.5 όнслу ƪƳύΣ .Ŝƭœƛƪŀ όсмо ƪƳύΣ 

!ƭƳŀƴȅŀ όофл ƪƳύΣ CǊŀƴǎŀ όоло ƪƳύΣ IƻƭƭŀƴŘŀ όнот ƪƳύΣ YŀƴŀŘŀ όмпт ƪƳύ ǾŜ ŘƛƐŜǊ ǸƭƪŜƭŜǊŘŜ ōǳƭǳƴŀƴ ƘƛŘǊƻƧŜƴ 

ōƻǊǳ ƘŀǘƭŀǊƤ ǘƻǇƭŀƳƤ оот ƪƳΩŘƛǊ όIȅ!ǊŎΣ нлмсύΦ 

Hidrojenin depolanmŀǎƤ ƪƻƴǳǎǳ ōǳ ƪŀȅƴŀƐƤƴ ŘŀƘŀ ȅŀȅƎƤƴ ƪǳƭƭŀƴƤƭŀōƛƭƳŜǎƛ ŀœƤǎƤƴŘŀƴ ƻƭŘǳƪœŀ ǀƴŜƳƭƛŘƛǊΦ IƛŘǊƻƧŜƴ 

ǎƤǾƤ ȅŀ Řŀ ƎŀȊ ŦƻǊƳǳƴŘŀ ŘŜǇƻƭŀƴŀōƛƭƳŜǎƛƴŜ ǊŀƐƳŜƴ ōǳ ƛǒƭŜƳƭŜǊ ƎǀǊŜŎŜ ƳŀƭƛȅŜǘƭƛŘƛǊΦ 5ŜǇƻƭŀƳŀ ƪƻƴǳǎǳƴŘŀƪƛ 

ǘŜƪƴƛƪ ƎŜƭƛǒƳŜƭŜǊƭŜ ŘǸǒŜƴ ƳŀƭƛȅŜǘƭŜǊ ƘƛŘǊƻƧŜƴƛ ƘŜǊ ŀƭŀƴŘŀ ȅŀȅƎƤƴƭŀǒǘƤǊŀŎŀƪ ǾŜ ŘŀƘŀ ŜǊƛǒƛƭŜōƛƭƛǊΣ ƪǳƭƭŀƴƤƭŀōƛƭƛǊ ƘŀƭŜ 

getirecektir.  

IƛŘǊƻƧŜƴ ŘŜǇƻƭŀƳŀ ȅǀƴǘŜƳƭŜǊƛ ǒǳ ǒŜƪƛƭŘŜŘƛǊ όT¢hΣ нллфΥ млнΤ mȊŘŜƳƛǊ ϧ aǳǘƭǳōŀǒΣ нлмфΥ нл-30);  

{ƤƪƤǒǘƤǊƤƭƳƤǒ DŀȊΤ Ŝƴ ȅŀȅƎƤƴ ŘŜǇƻƭŀƳŀ ǒŜƪƭƛŘƛǊΦ DŀȊ ƘŀƭŘŜ рл ƭƛǘǊŜƭƛƪ ǘŀƴƪƭŀǊŘŀ нлл-700 bar ōŀǎƤƴœ ŀƭǘƤƴŘŀ 

ŘŜǇƻƭŀƴƤǊΦ 

 
26 IƛŘǊƻƧŜƴ ȅŀƪƤǘ ƛǎǘŀǎȅƻƴƭŀǊƤ ōŀƐƤƳǎƤȊ ōǳƭǳƴŀōƛƭŘƛƐƛ Ǝƛōƛ ǇŜǘǊƻƭ ŘƻƭǳƳ ƴƻƪǘŀƭŀǊƤȅƭŀ ōƛǊƭƛƪǘŜ ŀȅƴƤ ƛǎǘŀǎȅƻƴ ƛœŜǊƛǎƛƴŘŜ ŘŜ 

bulunabilir. 
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{ƤǾƤ IƛŘǊƻƧŜƴΤ -нрнΣттϲ/ΩŘŜ ǎƤǾƤ ƘŀƭŜ ƎŜƭŜƴ ƘƛŘǊƻƧŜƴ ǀȊŜƭ ǘŀƴƪƭŀǊŘŀ ŘŜǇƻƭŀƴƤǊΦ {ƤǾƤ ƘƛŘǊƻƧŜƴƛƴ ŘŜǇƻƭŀƴƳŀǎƤΣ ƎŀȊ 

ƘƛŘǊƻƧŜƴŜ ƻǊŀƴƭŀ ŘŀƘŀ ŘǸǒǸƪ ōŀǎƤƴœ ƎŜǊŜƪǘƛǊŘƛƐƛ ƛœƛƴ ŘŀƘŀ ƎǸǾŜƴƭƛ ƻƭƳŀƪǘŀŘƤǊΦ 

Hidrokarbonlar; metanol, etanol gibi ƘƛŘǊƻƪŀǊōƻƴƭǳ ȅŀƪƤǘƭŀǊ ōƛǊƛƳ ƘŀŎƛƳ ǾŜ ōŀǎƤƴœǘŀ ǎŀŦ ǎƤǾƤ ƘƛŘǊƻƧŜƴŘŜƴ ŘŀƘŀ 

ŦŀȊƭŀ ƘƛŘǊƻƧŜƴŜ ǎŀƘƛǇǘƛǊΦ IƛŘǊƻƪŀǊōƻƴƭŀǊŘŀƴ ȅǸƪǎŜƪ ǎƤŎŀƪƭƤƪǘŀ ǎǳ ōǳƘŀǊƤ ƪǳƭƭŀƴƤƭŀǊŀƪ ƘƛŘǊƻƧŜƴ ŀȅǊƤǒǘƤǊƤƭŀōƛƭƛǊΦ .ǳ 

ŀƴƭŀƳŘŀ ƘƛŘǊƻƪŀǊōƻƴƭŀǊ ōƛǊ ƘƛŘǊƻƧŜƴ ǘǳǘǳŎǳ ƻƭŀǊŀƪ ƪǳƭƭŀƴƤƭƳŀƪǘŀŘƤǊΦ 

YŀǊōƻƴ bŀƴƻǘǸǇƭŜǊΤ .ŀǎƤƴœ ŀƭǘƤƴŘŀ ƎǊŀŦƛǘ Řƻƭǳ ǘŀƴƪƭŀǊŘŀ ƘƛŘǊƻƧŜƴƛƴ ŘŜǇƻƭŀƴƳŀǎƤΦ .ǳǊŀŘŀ ƘƛŘǊƻƧŜƴ ǎǸǇŜǊ ŀƪǘƛŦ 

ƎǀȊŜƴŜƪƭƛ ƎǊŀŦƛǘ ȅǸȊŜȅŘŜ ŘŜǇƻƭŀƴƤǊΦ  

Metal Hidritler; aŜǘŀƭ ƘƛŘǊƛǘƭŜǊ ƘƛŘǊƻƧŜƴƛ ƪƻƭŀȅƭƤƪƭŀ ŜƳŜōƛƭŜƴ ƳŜǘŀƭƭŜǊ ƻƭŀǊŀƪ ōƛƭƛƴƛǊΦ aŜǘŀƭ ƘƛŘǊƛǘ ƻƭǳǒǳƳ 

ǎǸǊŜǎƛƴŎŜ ƘƛŘǊƻƧŜƴ ƳƻƭŜƪǸƭƭŜǊƛ ŀȅǊƤǒƤǇΣ ŜƭŘŜ ŜŘƛƭŜƴ ƘƛŘǊƻƧŜƴ ŀǘƻƳƭŀǊƤ ǳȅƎǳƴ ƳŜǘŀƭ ƪŀŦŜǎƭŜǊ ƛœŜǊƛǎƛƴŘŜ ǘǳǘǳƭǳǊΦ 

IƛŘǊƻƧŜƴ ǘŜƪƴƻƭƻƧƛƭŜǊƛƴƛƴ ǎǸǊŜƪƭƛ ƎŜƭƛǒƛƳ ƛœƛƴŘŜ ƻƭƳŀǎƤ ƛƭŜ ƘƛŘǊƻƧŜƴ ǘŀƭŜōƛ ŀǊŀǎƤƴŘŀ ƎǸœƭǸ ōƛǊ ōŀƐƭŀƴǘƤ ǾŀǊŘƤǊΦ mȅƭŜ 

ki bu iki durum ōƛǊōƛǊƛƴƛƴ ƘŜƳ ƴŜŘŜƴƛ ƘŜƳ ŘŜ ǎƻƴǳŎǳ ƻƭƳŀƪǘŀŘƤǊΦ IƛŘǊƻƧŜƴ ǘŜƪƴƻƭƻƧƛƭŜǊƛƴƛƴ ƎŜƭƛǒƛƳ ƪŀȅŘŜǘƳŜǎƛ 

ƘƛŘǊƻƧŜƴ ǘŀƭŜōƛƴƛƴ ŀǊǘƳŀǎƤƴŀ ƛƳƪŃƴ ǾŜǊƛǊƪŜƴΣ ƘƛŘǊƻƧŜƴ ǘŀƭŜōƛƴƛƴ ŀǊǘƳŀǎƤ Řŀ ƘƛŘǊƻƧŜƴ ǘŜƪƴƻƭƻƧƛƭŜǊƛƴƛƴ ƎŜƭƛǒƳŜǎƛƴŜ 

ŦƤǊǎŀǘ ȅŀǊŀǘƳŀƪǘŀŘƤǊΦ 

¦[! La !w!4[!wLb5! IT5whW9b KULLANIMI 

¦ƭŀǒƤƳΣ ƛƴǎŀƴƭŀǊƤƴ ǾŜ ƴŜǎƴŜƭŜǊƛƴ ōƛǊ ȅŜǊŘŜƴ ōŀǒƪŀ ōƛǊ ȅŜǊŜ ȅŀƴƛ ƘŜŘŜŦƭŜƴŜƴ ƴƻƪǘŀȅŀ ŜǊƛǒƳŜǎƛ ŜȅƭŜƳƛŘƛǊΦ 

¦ƭŀǒǘƤǊƳŀ ƛǎŜ ƛƴǎŀƴƭŀǊƤƴ όȅŀȅŀ ƻƭŀǊŀƪ ȅƻƭ ƪŀǘ ŜǘƳŜǎƛ ƘŀǊƛŎƛƴŘŜύ ǾŜ ƳŀƭƭŀǊƤƴ œŜǒƛǘƭƛ ŀǊŀœƭŀǊƭŀ ōƛǊ ȅŜǊŘŜƴ ōŀǒƪŀ ōƛǊ 

ȅŜǊŜ ŀƪǘŀǊƤƭƳŀǎƤŘƤǊΦ 5ƻƭŀȅƤǎƤȅƭŀ ǳƭŀǒƤƳ ǾŜ ǳƭŀǒǘƤǊƳŀ ŦŀŀƭƛȅŜǘƭŜǊƛ ƛƴǎŀƴƭƤƐƤƴ ŜǊƛǒǘƛƐƛ Ŝƴ ǀƴŜƳƭƛ ƳŜŘŜƴƛȅŜǘ 

ǳƴǎǳǊƭŀǊƤƴŘŀƴ ōƛǊƛŘƛǊΦ 4ǸƴƪǸ ōǳ ŦŀŀƭƛȅŜǘƭŜǊΣ ƪƛǒƛƭŜǊ ƛœƛƴ ōƛǊ ŀƳŀœ ŘŀƘƛƭƛƴŘŜ όƛǒΣ ǘƛŎŀǊŜǘΣ ǘǳǊƛȊƳΣ ŜƐƛǘƛƳΣ ǎŀƐƭƤƪ ǾōΦύ 

ōƛǊ ȅŜǊŘŜƴ ōŀǒƪŀ ōƛǊ ȅŜǊŜ ŜǊƛǒƳŜǎƛƴƛ ǎŀƐƭŀǊ ǾŜ ŘƻƭŀȅƤǎƤȅƭŀ ȅŀǒŀƳǎŀƭ ōƛǊ ŦŀŀƭƛȅŜǘ ŀƭŀƴƤ ƻƭŀǊŀƪ ǀƴŜ œƤƪŀǊΦ .ǳƴǳƴƭŀ 

ōƛǊƭƛƪǘŜ ōƛǊ ǸƭƪŜŘŜΣ ōǀƭƎŜŘŜ ǳƭŀǒƤƳ ǎƛǎǘŜƳƭŜǊƛƴƛƴ ƎŜƭƛǒƳŜǎƛ ŜƪƻƴƻƳƛƪ ƎŜƭƛǒƛƳ ǾŜ ŘŜƐƛǒƛƳƭŜǊƭŜ ōŀƐƭŀƴǘƤƭƤŘƤǊΦ 5ƛƐŜǊ 

ǘŀǊŀŦǘŀƴ ǳƭŀǒƤƳ ŦŀŀƭƛȅŜǘƭŜǊƛ ŘƻƐŀƭ όȅŜǊȅǸȊǸ ǒŜƪƛƭƭŜǊƛΣ ƛƪƭƛƳύ ǾŜ ōŜǒŜǊƛ όƴǸŦǳǎΣ ǎŀƴŀȅƛΣ ǳƭŀǒƤƳ ȅŀǘƤǊƤƳ ŦŀŀƭƛȅŜǘƭŜǊƛΣ 

ǘŜƪƴƻƭƻƧƛƪ ƎŜƭƛǒƳŜƭŜǊ ǾōΦύ ŎƻƐǊŀŦƛ ŜǘƳŜƴƭŜǊƛƴ ŜǘƪƛǎƛƴŘŜ ƪŀƭŀǊŀƪ ƎŜƭƛǒƳƛǒǘƛǊ κ ƎŜƭƛǒƳŜƪǘŜŘƛǊ ό!ȅŘƤƴ ϧ hǊŀƭΣ нлмуΥ 

нруύΦ ¦ƭŀǒƤƳ ǾŜ ǳƭŀǒǘƤǊƳŀ ŦŀŀƭƛȅŜǘƛ ǘŀǊƛƘǎŜƭ ŀƴƭŀƳŘŀ ǘŜƪŜǊƭŜƐƛƴ ƛŎŀŘƤȅƭŀ όaΦmΦ орлл {ǸƳŜǊƭŜǊύ ƛƭƪ ŘŜŦŀ ōƻȅǳǘ 

ŘŜƐƛǒǘƛǊƳƛǒǘƛǊΦ TƴǎŀƴƭŀǊƤƴ Ŝƴ Ŝǎƪƛ ƪǳƭƭŀƴŘƤƐƤ ǳƭŀǒƤƳ ǘǸǊƭŜǊƛ ƻƭŀƴ ƪŀǊŀ ȅƻƭƭŀǊƤ ǾŜ ǎǳ ȅƻƭƭŀǊƤ ǳƭŀǒƤƳƤƴŘŀƴ ŦŀǊƪƭƤ ƻƭŀǊŀƪ 

ȊŀƳŀƴƭŀ ƻǊǘŀȅŀ œƤƪŀƴ ǘŜƪƴƛƪ ƎŜƭƛǒƳŜƭŜǊ ǎƻƴǳŎǳ мфΦ ȅǸȊȅƤƭŘŀƴ ƛǘƛōŀǊŜƴ ŘŜƳƛǊ ȅƻƭǳΣ нлΦ ȅǸȊȅƤƭŘŀƴ ƛǘƛōŀǊŜƴ ƘŀǾŀ 

ȅƻƭǳ ǳƭŀǒƤƳƭŀǊƤ Řŀ ǀƴƎǀǊǸƭŜƴƛƴ ǀǘŜǎƛƴŘŜ ƎŜƭƛǒƳŜ ƎǀǎǘŜǊƳƛǒǘƛǊΦ LƴǘŜǊƴŀǘƛƻƴŀƭ 9ƴŜǊƎȅ !ƎŜƴŎȅ όL9!ύ нлмфΩŀ ƎǀǊŜ 

нлмтΩŘŜ ŘǸƴȅŀ ǘƻǇƭŀƳ ŜƴŜǊƧƛ ǘǸƪŜǘƛƳƛƴƛƴ ȅŀƪƭŀǒƤƪ ҈олΩǳ ǳƭŀǒƤƳ ǎŜƪǘǀǊǸƴŘŜ ƎŜǊœŜƪƭŜǒƳƛǒǘƛǊΦ !ȅƴƤ ȊŀƳŀƴŘŀ 

1971-нлмт ŀǊŀƭƤƐƤƴŘŀ ŜƴŜǊƧƛ ǘǸƪŜǘƛƳƛ Ŝƴ ŦŀȊƭŀ ŀǊǘƤǒ ƎǀǎǘŜǊŜƴ ŀƭŀƴ ǳƭŀǒƤƳ ǎŜƪǘǀǊǸ ƻƭƳǳǒǘǳǊ όL9!Σ нлмфΥ уύΦ 

5ǸƴȅŀŘŀ ƎŜƴŜƭƭƛƪƭŜ ȅǸƪ ǾŜ ȅƻƭŎǳ ǘŀǒƤƳŀŎƤƭƤƐƤƴŘŀΣ ǘƻǇƭǳ ǳƭŀǒƤƳ ŀǊŀœƭŀǊƤƴƤƴ ƪǳƭƭŀƴƤƭƳŀǎƤƴŀ ƛƭƛǒƪƛƴ ǎŜœŜƴŜƪƭŜǊ ǎǀȊ 

ƪƻƴǳǎǳ ƛƪŜƴΣ ŀƴŀ ǳƭŀǒƤƳ ǘǸǊƭŜǊƛƴŘŜƴ ōƛǊƛ ƻƭŀƴ ƪŀǊŀȅƻƭǳ ǘŀǒƤƳŀŎƤƭƤƐƤΤ ƳƻŘƭŀǊ όǳƭŀǒƤƳ ǘǸǊƭŜǊƛύ ƛœƛƴŘŜ ƪŜǎƛƴǘƛǎƛȊ 

ǘŀǒƤƳŀȅŀ ƻƭŀƴŀƪ ǾŜǊƳŜǎƛΣ ŜǎƴŜƪ ȅŀǇƤǎƤΣ ƘƤȊƤ ǾŜ ƳƻŘƭŀǊ ŀǊŀǎƤ ƎŜœƛǒƭŜǊŜ ǳȅǳƳƭǳ ƻƭƳŀǎƤ ƴŜŘŜƴƛȅƭŜ ǘŜǊŎƛƘ ŜŘƛƭƳŜǎƛƴŜ 

ǾŜ ōǳ ǳƭŀǒƤƳ ǘǸǊǸƴǸƴ ƎƛŘŜǊŜƪ ƎŜƭƛǒƳŜǎƛƴŜ ƻƭŀƴŀƪ ǾŜǊƳƛǒǘƛǊ ό¢aah. aahΣ нлмуΥ м-нύΦ ¦ƭŀǒƤƳŘŀ ƘŜǊ ƴƻƪǘŀȅŀ 

ǎǳƴŘǳƐǳ ŜǊƛǒƛƳ ƪƻƭŀȅƭƤƪƭŀǊƤ ƴŜŘŜƴƛȅƭŜ ƪŀǊŀȅƻƭǳƴŀ ƻƭŀƴ ǘŀƭŜǇ ǘǸƳ ŘǸƴȅŀŘŀ ǎǸǊŜŎŜƪǘƛǊΦ .ǳ ōŀƐƭŀƳŘŀ ƘƛŘǊƻƧŜƴƭŜ 
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œŀƭƤǒŀƴ ŀǊŀœƭŀǊ ǳƭŀǒƤƳŘŀ ƎǸœƭǸ ōƛǊ ǎŜœŜƴŜƪ ƻƭŀǊŀƪ ǀƴŜ œƤƪƳŀƪǘŀŘƤǊΦ ¢ǸƳ ǳƭŀǒƤƳ ǾŜ ǘŀǒƤƳŀ ǎŜƪǘǀǊƭŜǊƛƴŘŜ 

ƘƛŘǊƻƧŜƴƭƛ ŀǊŀœƭŀǊŀ όȅŀƪƤǘ ǇƛƭƭŜǊƛύ ȅǀƴŜƭƛƪ œŀƭƤǒƳŀƭŀǊ ǎƻƴ ȅƤƭƭŀǊŘŀ ǀƴŜƳƭƛ ŀǒŀƳŀƭŀǊŀ ǳƭŀǒƳƤǒǘƤǊΦ .ǳ ōŀƐƭŀƳŘŀ ǳƭŀǒƤƳ 

ǾŜ ǘŀǒƤƳŀ ŀƭŀƴƭŀǊƤƴŘŀ ŀǊŀœƭŀǊƤƴ ǘŜƪƴƻƭƻƧƛ ƘŀȊƤǊƭƤƪ ǎŜǾƛȅŜǎƛ ƛœƛƴ ό Ŝƪƛƭ оύΦ 

 

 Ŝƪƛƭ оΦ ¦ƭŀǒƤƳ ǾŜ ¢ŀǒƤƳŀ {ŜƪǘǀǊƭŜǊƛƴŘŜ IƛŘǊƻƧŜƴƭƛ !ǊŀœƭŀǊƤƴ ¢ŜƪƴƻƭƻƧƛƪ {ŜǾƛȅŜƭŜǊƛ27 

Kaynak: Shell, 2017: 46 

¦ƭŀǒƤƳŘŀ ¸ŀƪƤǘ tƛƭƛ κ IǸŎǊŜǎƛ 5ŜǾǊƛƳƛ 

¸ŀƪƤǘ ǇƛƭƭŜǊƛ κ ƘǸŎǊŜƭŜǊƛ όŦǳŜƭ ŎŜƭƭύΣ ƪƛƳȅŀǎŀƭ ŜƴŜǊƧƛȅƛ ŜƭŜƪǘǊƛƪ ŜƴŜǊƧƛǎƛƴŜ ŘǀƴǸǒǘǸǊŜƴ ŀȅƎƤǘƭŀǊŘƤǊΦ ¢ŜƳŜƭ ŀƴƭŀƳŘŀ 

elektrolit28Σ ŀƴƻǘ ǾŜ ƪŀǘƻǘǘŀƴ όƛƭŜǘƪŜƴ ǳœƭŀǊύ ƻƭǳǒŀƴ ȅŀƪƤǘ ǇƛƭƭŜǊƛƴŘŜ ŜƭŜƪǘǊƛƪ ǸǊŜǘƛƳƛ ǒǳ ǒŜƪƛƭŘŜ ƎŜǊœŜƪƭŜǒƳŜƪǘŜŘƛǊΤ 

yŀƪƤǘ Ǉƛƭƛƴƛƴ ŀƴƻǘ ǘŀǊŀŦƤƴŘŀƴ ƘƛŘǊƻƧŜƴ ƎŀȊƤ ȅŀƪƤǘƤΣ ƪŀǘƻǘ ǘŀǊŀŦƤƴŘŀƴ ƛǎŜ ƻƪǎƛƧŜƴ ȅŀƴƛ ƻǊǘŀƳ ƘŀǾŀǎƤ ǾŜǊƛƭƛǊΦ IƛŘǊƻƧŜƴ 

ŀƴƻǘ ǘŀǊŀŦƤƴŘŀ ǇƻȊƛǘƛŦ ǾŜ ƴŜƎŀǘƛŦ ƛȅƻƴƭŀǊƤƴŀ ŀȅǊƤǒƤǊΦ tƻȊƛǘƛŦ ƛȅƻƴƭŀǊΣ ǎŀŘŜŎŜ ǇƻȊƛǘƛŦ ȅǸƪƭǸ ƛȅƻƴƭŀǊƤƴ ƎŜœƛǒƛƴŜ ƛȊƛƴ 

ǾŜǊŜƴ ŜƭŜƪǘǊƻƭƛǘǘŜƴ ƎŜœŜǊŜƪ ƪŀǘƻǘ ǳŎǳƴŀ ǳƭŀǒƤǊΦ !ƴƻǘ ǳŎǳƴŘŀ ƪŀƭŀƴ ŜƭŜƪǘǊƻƴƭŀǊ ƛǎŜ ǇƻȊƛǘƛŦ ȅǸƪƭǸ ƛȅƻƴƭŀǊƭŀ ǘŜƪǊŀǊ 

ōƛǊƭŜǒƳŜ ŜƐƛƭƛƳƛƴŘŜ ƻƭŘǳƐǳ ƛœƛƴ ōǳƴƭŀǊŘŀ ƘŀǊƛŎƛ ōƛǊ ŘŜǾǊŜ ƛƭŜ ƪŀǘƻǘ ǘŀǊŀŦƤƴŀ ŀƪŀǊƭŀǊΦ IŀǊƛŎƛ ŘŜǾǊŜŘŜƪƛ ōǳ ŜƭŜƪǘǊƻƴ 

ŀƪƤǒƤȅƭŀ ŜƭŜƪǘǊƛƪ ǸǊŜǘƛƭƳƛ ƎŜǊœŜƪƭŜǒƳƛǒ ƻƭǳǊΦ Yŀǘƻǘ ǘŀǊŀŦƤƴŀ ƎŜœŜƴ ŜƭŜƪǘǊƻƴƭŀǊ ōurada pozitif iyonlar ve hava ile 

ōƛǊƭŜǒŜǊŜƪ ǎŀŦ ǎǳ ŀœƤƐŀ œƤƪŀǊƤǊƭŀǊ ό[ŜōƭŜōƛŎƛƻƐƭǳΣ нлмуύΦ {ƻƴǳœǘŀ ƘƛŘǊƻƧŜƴ ȅŀƪƤǘ ƘǸŎǊŜƭŜǊƛƴƛƴ ǎŀƭƤƴƤƳ ƳŀŘŘŜǎƛ 

ŜƭŜƪǘǊƛƪ ǾŜ ǎǳ ƻƭƳŀƪǘŀŘƤǊΦ !ȅǊƤŎŀ ƘƛŘǊƻƧŜƴƛƴ ŜƴŜǊƧƛ ǸǊŜǘƛƳ ȅƻƐǳƴƭǳƐǳ ƻƭŘǳƪœŀ ȅǸƪǎŜƪǘƛǊ ό¸ŜǊƎƛƴΣ нлмпΥ омпύΦ ¸ŀƪƤt 

pilleri; ƪǀƳǸǊΣ ǇŜǘǊƻƭ ǾŜ ŘƻƐŀƭ ƎŀȊ Ǝƛōƛ Ŧƻǎƛƭ ȅŀƪƤǘƭŀǊΣ ǊŀŦƛƴŜǊƛ ǸǊǸƴƭŜǊƛΣ ŀƳƻƴȅŀƪΣ ƳŜǘŀƴƻƭ Ǝƛōƛ ƪƛƳȅŀǎŀƭ ǸǊǸƴƭŜǊΣ 

ōƛȅƻƎŀȊ ǾŜ ŀǘƤƪ ƳŀǘŜǊȅŀƭƭŜǊ Ǝƛōƛ ŀƭǘŜǊƴŀǘƛŦ ƪŀȅƴŀƪƭŀǊŘŀƴ ōƛǊ ȅŀƪƤǘ ŘǀƴǸǒǘǸǊǸŎǸ ȅŀǊŘƤƳƤȅƭŀ ŜƭŘŜ ŜŘƛƭŜƴ hidrojenin 

 
27 {ƘŜƭƭ нлмт ǾŜǊƛƭŜǊƛƴŜ ƎǀǊŜΣ ǘŜƪƴƻƭƻƧƛƪ ƘŀȊƤǊƭƤƪ ǎŜǾƛȅŜƭŜǊƛƴƛƴ ƪŀǊǒƤƭƤƪƭŀǊƤ ǒǳ ǒŜƪƛƭŘŜŘƛǊΥ 

όрύ ¢Ŝǎǘ ŜŘƛƭƳƛǒ ǘŜƳŜƭ ǘŜƪƴƻƭƻƧƛ ǳƴǎǳǊƭŀǊƤΦ 

όсύ TǒƭŜǾ ǘŜǎǘƛ ǇǊƻǘƻǘƛǇ ŀǒŀƳŀǎƤΦ Teknik fizibilite. 

όтύ DǀǊǎŜƭ ǇǊƻǊƻǘƛǇΦ YǳƭƭŀƴƤƳŀ ƘŜƳŜƴ ƘŜƳŜƴ ƘŀȊƤǊ ƘŀƭŜ ƎŜƭƳƛǒ ǸǊǸƴκǎƛǎǘŜƳΦ 

όуύ YǳƭƭŀƴƤƳ ŀƭŀƴƤƴŘŀ ƛǒƭŜǾǎŜƭƭƛƪƭŜǊƛ ƪŀƴƤǘƭŀƴƳƤǒ ƴƛǘŜƭƛƪƭƛ ǸǊǸƴκǎƛǎǘŜƳΦ 

όфύ YǳƭƭŀƴƤƳŘŀ ōŀǒŀǊƤ ǎŀƐƭŀƳƤǒ ƴƛǘŜƭƛƪƭƛ ǸǊǸƴκǎƛǎǘŜƳΦ 
28 {ŜǊōŜǎǘ ƛȅƻƴ ōŀǊƤƴŘƤǊŀƴ ǾŜ ŜƭŜƪǘǊƛƪǎŜƭ ƛƭŜǘƪŜƴƭƛƐŜ ǎŀƘƛǇ ƻƭŀƴ ƻǊǘŀƳΦ 
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ǾŜȅŀ ŘƻƐǊǳŘŀƴ ƘƛŘǊƻƧŜƴƛƴ, ƻƪǎƛƧŜƴ ƛƭŜ ŜƭŜƪǘǊƻƪƛƳȅŀǎŀƭ ǊŜŀƪǎƛȅƻƴŀ ƎƛǊƳŜǎƛ ǎƻƴǳŎǳƴŘŀ ŜƴŜǊƧƛ ǸǊŜǘŜōƛƭƳŜƪǘŜŘƛǊ 

ό¢«.T¢!YΣ нлнлύΦ .ǳ ŀƴƭŀƳŘŀ ƎŜǊŜƪƭƛ ǘŜƪƴƛƪ ŀƭǘȅŀǇƤƴƤƴ ƘƛŘǊƻƧŜƴƛƴ ŘƻƐŀƭ ƎŀȊ ōƻǊǳ ƘŀǘƭŀǊƤƴŘŀƴ ȅŀǊŀǊƭŀƴŀǊŀƪ 

ǘŀǒƤƴƳŀǎƤ Řŀ ƳǸƳƪǸƴŘǸǊΦ 

¸ŀƪƤǘ ǇƛƭƭŜǊƛΣ ǘŜƳƛȊ ǾŜ œŜǾǊŜŎƛ ƻƭƳŀǎƤƴƤƴ ȅŀƴƤƴŘŀ ȅǸƪǎŜƪ ǾŜǊƛƳŜ ǎŀƘƛǇ ǎŜǎǎƛȊ œŀƭƤǒŀƴ ǘŜƪƴƻƭƻƧƛƭŜǊŘƛǊΦ .ƛǊ ōǳƘŀǊ 

ƪŀȊŀƴƤ ǾŜȅŀ ǘǸǊōƛƴ ƪǳƭƭŀƴƤƭƳŀŘŀƴΣ ǎŀŘŜŎŜ ƪƛƳȅŀǎŀƭ ǊŜŀƪǎƛȅƻƴ ƛƭŜ ŜƭŜƪǘǊƛƪ ŜƴŜǊƧƛǎƛ ǸǊŜǘƛƭƛǊΦ IƛŘǊƻƧŜƴ όI2) ve oksijen 

(O2ύ ŀǊŀǎƤƴŘŀƪƛ ŜƭŜƪǘǊƻƪƛƳȅŀǎŀƭ ǊŜŀƪǎƛȅƻƴ ƛƭŜ ŜƭŘŜ ŜŘƛƭŜƴ ǾŜ ǘƻǇƭŀƳ ǾŜǊƛƳƭƛƭƛƪƭŜǊƛ ҈улΩƭŜǊŜ ƪŀŘŀǊ ǳƭŀǒŀōƛƭŜƴ ȅŀƪƤǘ 

ǇƛƭƭŜǊƛΣ ǎǸǊŜƪƭƛ œŀƭƤǒŀƴ ǇƛƭƭŜǊ ǾŜȅŀ ŜƭŜƪǘǊƻƪƛƳȅŀǎŀƭ ƳŀƪƛƴŀƭŀǊ ƻƭŀǊŀƪ Řŀ ōƛƭƛƴƛǊΦ IƛŘǊƻƧŜƴ-ƻƪǎƛƧŜƴ ǘŜƳŜƭƭƛ ȅŀƪƤǘ 

ǇƛƭƭŜǊƛΣ ōǸƴȅŜǎƛƴŘŜ ƪǳƭƭŀƴƤƭŀƴ ŜƭŜƪǘǊƻƭƛǘƛƴ ŎƛƴǎƛƴŜ ƎǀǊŜ œŜǒƛǘƭƛ ƛǎƛƳƭŜǊ ŀƭƤǊƭŀǊΦ .ǳƴƭŀǊΤ 

Á fosforik aǎƛǘ ȅŀƪƤǘ Ǉƛƭƛ όœŀƭƤǒƳŀ ǎƤŎŀƪƭƤƐƤΥ мсл--220 ɕC, elektriksel verim %55)  

Á ƪŀǘƤ ƻƪǎƛǘ ȅŀƪƤǘ Ǉƛƭƛ όœŀƭƤǒƳŀ ǎƤŎŀƪƭƤƐƤΥ улл--1000 ɕC, elektriksel verim %60-65) 

Á ŜǊƛƳƛǒ ƪŀǊōƻƴŀǘ ȅŀƪƤǘ Ǉƛƭƛ όœŀƭƤǒƳŀ ǎƤŎŀƪƭƤƐƤΥ снл--660 ɕC, elektriksel verim %65) 

Á polimer elektrolit ȅŀƪƤǘ Ǉƛƭƛ όt9aύ όœŀƭƤǒƳŀ ǎƤŎŀƪƭƤƐƤΥ ƻŘŀ ǎƤŎŀƪƭƤƐƤ--80 ɕC, elektriksel verim %40) 

Á ŀƭƪŀƭƛ ȅŀƪƤǘ Ǉƛƭƛ όœŀƭƤǒƳŀ ǎƤŎŀƪƭƤƐƤΥ ƻŘŀ ǎƤŎŀƪƭƤƐƤ--250 ɕC, elektriksel verim %60-тлύ ǒŜƪƭƛƴŘŜŘƛǊ 

ό9±/95Σ нлмфΤ ¸ƤƭŘƤǊƤƳΣ нлммΥ млύΦ 

¸ŀƪƤǘ ǇƛƭƭŜǊƛȅƭŜ ƛƭƎƛƭƛ ƛƭƪ ƎŜƭƛǒƳŜƭŜǊ мфΦ ȅǸȊȅƤƭŘŀ ƻǊǘŀȅŀ œƤƪƳƤǒǘƤǊΦ .ǳ ƎŜƭƛǒƳŜƭŜǊ ǘŀǊƛƘǎŜƭ ōŀƐƭŀƳŘŀ ǒǀȅƭŜŘƛǊΤ  

¸ŀƪƤǘ ƘǸŎǊŜǎƛƴƛƴ ǇǊŜƴǎƛǇƭŜǊƛ ƛƭƪ ƻƭŀǊŀƪ /Φ CǊƛŜŘǊƛŎƘ {ŎƘǀƴōŜƛƴ ǘŀǊŀŦƤƴŘŀƴ муоуΩŘŜ ōǳƭǳƴƳǳǒǘǳǊΦ мупоΩǘŜ ²Φ 

wƻōŜǊǘ DǊƻǾŜΣ ǎǳȅǳƴ ŜƭŜƪǘǊƻƭƛȊƛƴƛƴ ǘŜǊǎ ǊŜŀƪǎƛȅƻƴǳ ǎƻƴǳŎǳƴŘŀ ǎŀōƛǘ ŀƪƤƳ ǾŜ ƎǸŎǸƴ ǸǊŜǘƛƭŘƛƐƛƴƛ ŦŀǊƪ ŜŘŜǊŜƪ ƛƭƪ 

ȅŀƪƤǘ ƘǸŎǊŜǎƛƴƛ ƎŜƭƛǒǘƛǊƳƛǒǘƛǊΦ мфррΩǘŜΣ ²Φ ¢ƘƻƳŀǎ DǊǳōōΣ ȅŀƪƤǘ Ǉƛƭƛ ǘŀǎŀǊƤƳƤƴŘŀ ŘŜƐƛǒƛƪƭƛƪ ȅŀǇƳƤǒ ǾŜ ōǳ ǘŀǎŀǊƤƳƤƴ 

ǸȊŜǊƛƴŜ [ŜƻƴŀǊŘ bƛŜŘǊŀŎƘ Řŀ œŀƭƤǒŀǊŀƪ ƎŜƭƛǒƛƳ ǎŀƐƭŀƳƤǒǘƤǊΦ .ǀȅƭŜƭƛƪƭŜ άDǊǳōō-bƛŜŘǊŀŎƘ ¸ŀƪƤǘ tƛƭƛέ ƻƭŀǊŀƪ ƪŀōul 

ŜŘƛƭŜƴ ȅŀƪƤǘ Ǉƛƭƛ ƻǊǘŀȅŀ œƤƪƳƤǒǘƤǊΦ мфруΩŘŜ DŜƴŜǊŀƭ 9ƭŜŎǘǊƛŎ όD9ύ b!{! ƛƭŜ ōƛǊƭƛƪǘŜ ȅŀƪƤǘ Ǉƛƭƛ ǸȊŜǊƛƴŜ ŀǊŀǒǘƤǊƳŀƭŀǊ 

ȅŀǇƳƤǒ ǾŜ άDŜƳƛƴƛέ ŀŘƭƤ ǳȊŀȅ29 ǇǊƻƧŜǎƛƴŘŜ ƛƭƪ ǘƛŎŀǊƛ ȅŀƪƤǘ Ǉƛƭƛ ƪǳƭƭŀƴƤƭƳƤǒǘƤǊΦ мфрфΩŘŀ CΦ ¢ƘƻƳŀǎ .ŀŎƻƴ р Y²Ωƭƛƪ 

ǎŀōƛǘ ōƛǊ ȅŀƪƤǘ ƘǸŎǊŜǎƛ ƎŜƭƛǒǘƛǊƳƛǒǘƛǊΦ !ȅƴƤ ȅƤƭΣ IŀǊǊȅ LƘǊƛƎ ƭƛŘŜǊƭƛƐƛƴŘŜƪƛ ŀǊŀǒǘƤǊƳŀŎƤƭŀǊ мр Y²Ωƭƛƪ ōƛǊ ȅŀƪƤǘ Ǉƛƭƛ ŘŀƘŀ 

ǸǊŜǘƳƛǒƭŜǊŘƛǊΦ мфслΩƭŀǊŘŀ .ŀŎƻƴΩǳƴ ǇŀǘŜƴǘƭŜǊƛ !.5Ωƴƛƴ ǳȊŀȅ ŀǊŀǒǘƤǊƳŀƭŀǊƤ ǇǊƻƎǊŀƳƤƴŘŀ ŜƭŜƪǘǊƛƪ ǾŜ ƛœƳŜ ǎǳȅǳ 

ǎŀƐƭŀƳŀƪ ƛœƛƴ ƪǳƭƭŀƴƤƭƳƤǒǘƤǊΦ мфтлΩƭŜǊŘŜ ƛǎŜ 5ǳǇƻƴǘ ǒƛǊƪŜǘƛ ǘŀǊŀŦƤƴŘŀƴ ȅŀƪƤǘ Ǉƛƭƛ ƛœƛƴ ȅǸƪǎŜƪ ǾŜǊƛƳƭƛ ƴŀŦȅƻƴ ό{ƛh2) 

ƳŜƳōǊŀƴƤ30 ŜƭŜƪǘǊƻƭƛǘ ƻƭŀǊŀƪ ǸǊŜǘƛƭƳƛǒǘƛǊ όhƪǳƳǳǒΣ нлмтύΦ .ǳ ŀƴƭŀƳŘŀ ƘƛŘǊƻƧŜƴƛƴ мфтлΩƭƛ ȅƤƭƭŀǊŘŀ ǳƭŀǒƤƳ 

ǎŜƪǘǀǊǸƴŘŜ ƪǳƭƭŀƴƤƳƤƴŀ ȅǀƴŜƭƛƪ œŀƭƤǒƳŀƭŀǊ ƎǸœƭǸ ōƛǊ ǒŜƪƛƭŘŜ ǎǸǊƳǸǒǘǸǊΦ bƛǘŜƪƛƳ ōǳ ǎǸǊŜœǘŜ ƘƛŘǊƻƧŜƴ ŦŀǊƪƤƴŘŀƭƤƐƤ 

ŀǊǘƳƤǒ ǾŜ мфтп ǾŜ мфтс ȅƤƭƭŀǊƤƴŘŀ !.5ΩŘŜ ƘƛŘǊƻƧŜƴ ŜƴŜǊƧƛǎƛ ƪƻƴƎǊŜƭŜǊƛ ŘǸȊŜƴƭŜƴƳƛǒǘƛǊΦ 

IƛŘǊƻƧŜƴƛƴ ǳƭŀǒƤƳ ǎŜƪǘǀǊǸƴŘŜ ƪǳƭƭŀƴƤƳƤ ǘǸƳ ŘǸƴȅŀŘŀ Ŝƴ Řƛƪƪŀǘ œŜƪŜƴ ǘŜƪƴƻƭƻƧƛƪ ƎŜƭƛǒƳŜƭŜǊŘŜƴ ōƛǊƛŘƛǊΦ .ǳƴŀ 

ƎǀǊŜ ǳƭŀǒƤƳ ŀǊŀœƭŀǊƤƴŘŀ ŘǀǊǘ ǘƛǇ ƘŀǊŜƪŜǘ ŜǘǘƛǊƛŎƛ ƎǸœ ōǳƭǳƴƳŀƪǘŀŘƤǊΦ .ǳƴƭŀǊŘŀƴ ƛƭƪƛ ƛœǘŜƴ ȅŀƴƳŀƭƤ ƳƻǘƻǊƭŀǊ ǾŜ ōǳ 

ƳƻǘƻǊƭŀǊŘŀ ƪǳƭƭŀƴƤƭŀƴ ǇŜǘǊƻƭ ǘǸǊŜǾƭŜǊƛΣ ƛƪƛƴŎƛǎƛ ƛœǘŜƴ ȅŀƴƳŀƭƤ ƳƻǘƻǊƭŀǊŘŀ ƘƛōǊƛǘ ǘŜƪƴƻƭƻƧƛƴƛƴ ƪǳƭƭŀƴƤƳƤ όƛœǘŜƴ 

 
29 IƛŘǊƻƧŜƴ ǎƤǾƤ ƘŀƭƛȅƭŜΣ ƎǸƴǸƳǸȊŘŜ ǳȊŀȅ ŀǊŀœƭŀǊƤƴŘŀ ȅŀƪƤǘ ƻƭŀǊŀƪ ƪǳƭƭŀƴƤƭƳŀȅŀ ŘŜǾŀƳ ŜǘƳŜƪǘŜŘƛǊΦ 
30 .ŀȊƤ ƳƻƭŜƪǸƭ ǾŜ ƛȅƻƴƭŀǊƤƴ ōŀǒƪŀ ōƛǊ ƪŜǎƛƳŜ ƎŜœƛǒƛƴŜ ƛƳƪŃƴ ǾŜǊŜƴ ōŀȊƤƭŀǊƤƴƤƴ ƛǎŜ ƎŜœƛǒƛƴƛ ŜƴƎŜƭƭŜȅŜƴ ȅŀǇƤΦ 
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ȅŀƴƳŀƭƤ ƳƻǘƻǊƭŀ ōƛǊƭƛƪǘŜ ǇǊƛȊŘŜƴ ǒŀǊƧ ŜŘƛƭŜōƛƭŜƴ ȅŀ Řŀ ǎŀŘŜŎŜ ǊŜƧŜƴŜǊŀǘif frenleme31 ȅƻƭǳȅƭŀ ǒŀǊƧ ƻƭŀƴ Ǉƛƭ ǾŜ ƪǸœǸƪ 

œŀǇƭƤ ōƛǊ ŜƭŜƪǘǊƛƪ ƳƻǘƻǊǳƴǳƴ ōǳƭǳƴƳŀǎƤύΣ ǸœǸƴŎǸǎǸ ǘŀƳ ŜƭŜƪǘǊƛƪƭƛ ŀǊŀœƭŀǊ ǾŜ ǎƻƴ ƻƭŀǊŀƪ Řŀ ȅŀƪƤǘ ǇƛƭƭŜǊƛ ƪǳƭƭŀƴŀǊŀƪ 

ŜƭŜƪǘǊƛƪ ǸǊŜǘƳŜƪ ǾŜ ōǳ ǎŀȅŜŘŜ ŀǊŀŎƤ ƘŀǊŜƪŜǘ ŜǘǘƛǊƳŜȅŜ Řŀȅŀƴŀƴ ǘŜƪƴƻƭƻƧƛƴƛƴ ƪǳƭƭŀƴƤƳƤŘƤǊΦ 

IƛŘǊƻƧŜƴƭƛ ŀǊŀœƭŀǊŀ ƪƤǎŀŎŀ άȅŀƪƤǘ ƘǸŎǊŜƭƛ ŜƭŜƪǘǊƛƪƭƛ ŀǊŀœƭŀǊ κ ŦǳŜƭ ŎŜƭƭ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜ όC/9±ύέ Řŀ ŘŜƴƛƭƳŜƪǘŜŘƛǊΦ 

C/9±ΩƭŜǊƛƴ ƴǸŦǳǎŀ ƻǊǘŀƭŀƳŀǎƤ ƎǀȊ ǀƴǸƴŘŜ ŀƭƤƴŘƤƐƤƴŘŀ ŘǸƴȅŀŘŀ Ŝƴ ȅŀȅƎƤƴ ƻƭŘǳƐǳ ǸƭƪŜ 5ŀƴƛƳŀǊƪŀΩŘƤǊΦ !ƴŎŀƪ 

TƴƎƛƭǘŜǊŜΣ CǊŀƴǎŀΣ bƻǊǾŜœΣ TȊƭŀƴŘŀΣ WŀǇƻƴȅŀΣ !ƭƳŀƴȅŀ Ǝƛōƛ ǸƭƪŜƭŜǊ ƘƛŘǊƻƧŜƴƛ ƎŜƭŜŎŜƐƛƴ ŜƴŜǊƧƛǎƛ ƻƭŀǊŀƪ ƎǀǊƳŜƪǘŜ ǾŜ 

ōǳ ǘŜƪƴƻƭƻƧƛȅŜ ǀƴŜƳƭƛ ȅŀǘƤǊƤƳƭŀǊ ȅŀǇŀǊŀƪ ǎŜƪǘǀǊŜ ǀƴŎǸƭǸƪ ŜǘƳŜƪǘŜŘƛǊƭŜǊ ό/ƻƴƎŀǊΣ нлнлύΦ ¸ŀƪƤǘ ǇƛƭƭŜǊƛ ǀȊŜƭƭƛƪƭŜ 

ƘŀǊŜƪŜǘ ƪŀōƛƭƛȅŜǘƛ ŀƭŀƴƤƴŘŀ ŜƴŜǊƧƛ ŜƪƻƴƻƳƛǎƛƴƛƴ ŘǀƴǸǒǸƳǸƴŜ ȅŀǊŘƤƳŎƤ ƻƭŀŎŀƪǘƤǊΦ .ǳǊŀŘŀ ǳƭŀǒƤƭƳŀƪ ƛǎǘŜƴŜƴ ƴƻƪǘŀ 

ƘƛŘǊƻƧŜƴƛƴ ƪŜƴŘƛǎƛȅƭŜ ŘŜƐƛƭ ƘƛŘǊƻƧŜƴ ǾŀǎƤǘŀǎƤȅƭŀ ŜƭŜƪǘǊƛƪ ŜƭŘŜ ŜŘŜǊŜƪ ƘŀǊŜƪŜǘ ǎŀƐƭŀƳŀƪǘƤǊΦ ¸ŀƪƤǘ ǇƛƭƭŜǊƛ ƛǒǘŜ ǘŀƳ Řŀ 

ōǳ ǘǸǊ ōƛǊ ŜƴŜǊƧƛΣ ŜƭŜƪǘǊƛƪ ŜƴŜǊƧƛǎƛ ǸǊŜǘƛǊ όaƻƴǘƎƻƳŜǊȅΣ нлмпΥ нууύΦ .ǳƴŀ ƎǀǊŜ ƘƛŘǊƻƧŜƴ ǘŜƳŜƭƭƛ ȅŀƪƤǘ ǇƛƭƭŜǊƛȅƭŜ 

hareƪŜǘ ŜŘŜƴ ƻǘƻƳƻōƛƭƭŜǊŘŜ ŜǎŀǎŜƴ ƘƛŘǊƻƧŜƴ ōƛǊ ȅŀƪƤǘ ŘŜƐƛƭ Ǉƛƭ ƎǀǊŜǾƛƴŘŜ ƪǳƭƭŀƴƤƭƳŀƪǘŀŘƤǊΦ 4ǸƴƪǸ ƘƛŘǊƻƧŜƴƭƛ 

ŀǊŀœƭŀǊŘŀ ƛœǘŜƴ ȅŀƴƳŀƭƤ ƳƻǘƻǊƭŀǊŀ ōŜƴȊŜǊ ǒŜƪƛƭŘŜ ǇŜǘǊƻƭ ȅŜǊƛƴŜ ƘƛŘǊƻƧŜƴƛ ȅŀƪŀǊŀƪ ŘŜƐƛƭΣ ƘƛŘǊƻƧŜƴŘŜƴ 

ŦŀȅŘŀƭŀƴŀǊŀƪ ŜƭŜƪǘǊƛƪ ƳƻǘƻǊǳ œŀƭƤǒǘƤǊƤƭƤǊΦ ¸ŀƪƤǘ ƘǸŎǊŜƭƛ ŀǊŀœƭŀǊƤƴ ŜƭŜƪǘǊƛƪƭƛ ŀǊŀœƭŀǊŘŀƴ Ŝƴ ōŜƭƛǊƎƛƴ ŦŀǊƪƤΣ ōǳ ŀǊŀœƭŀǊŘŀ 

ƪǳƭƭŀƴƤƭŀƴ ƘƛŘǊƻƧŜƴƛƴ ƘŀǊƛŎƛ ƻƭŀǊŀƪ ŘŜǇƻƭŀƴƳŀǎƤŘƤǊΦ 5ƻƭŀȅƤǎƤȅƭŀ ōǳ ŀǊŀœƭŀǊŘŀƪƛ ȅŀƪƤǘ ƘǸŎǊŜƭŜǊƛ ǒŀǊƧ ŜŘƛƭƳŜȊ 

ό{ŀǊƤƎǸƭΣ нлмсύΦ IƛŘǊƻƧŜƴ ƛƭŜ ǊŜŀƪǎƛȅƻƴŀ ƎƛǊŜƴ ƻƪǎƛƧŜƴ ƛǎŜ ƻǊǘŀƳ ƘŀǾŀǎƤƴŘŀƴ ƎŜƭmektedir. 

.ǳƴǳƴ ȅŀƴƤƴŘŀ ǸǊŜǘƛŎƛ ŦƛǊƳŀƭŀǊ ƻǘƻƳƻōƛƭƭŜǊŘŜ ȅŀƪƤǘ Ǉƛƭƛ ǳȅƎǳƭŀƳŀƭŀǊƤƴƤ ƎŜƴŜƭŘŜ ōŜƴȊŜǊ ōƛœƛƳŘŜ ǘŀǎŀǊƭŀƳƤǒƭŀǊŘƤǊΦ 

¸ŀƴƛ ƘƛŘǊƻƧŜƴ ǘŀƴƪƤ ŀǊƪŀ ƪƻƭǘǳƪƭŀǊƤƴ ŀƭǘƤƴŀ ƪƻƴǳƭƳǳǒǘǳǊΦ ¸ŀƪƤǘ Ǉƛƭƛ ǎǸǊǸŎǸ ƪƻƭǘǳƐǳƴǳƴ ŀƭǘƤƴŀ ȅŜǊƭŜǒǘƛǊƛƭƳƛǒǘƛǊΦ 

Elektrik motoru da araŎƤƴ ǀƴ ƪƤǎƳƤƴŀ ȅŜǊƭŜǒǘƛǊƛƭƳƛǒǘƛǊΦ ¸ƛƴŜ œŜƪƛǒ ƻƭŀǊŀƪ ǀƴŘŜƴ œŜƪƛǒ ǘŜǊŎƛƘ ŜŘƛƭƳƛǒǘƛǊ ό¸ƤƭƳŀȊ ǾŘΦΣ 

2018: 214). IƛŘǊƻƧŜƴƭƛ ƻǘƻƳƻōƛƭƭŜǊƛƴ ǘŜƪƴƛƪ ȅŀǇƤǎƤ ǒǳ ǒŜƪƛƭŘŜŘƛǊ ό Ŝƪƛƭ пύΤ 

 

 Ŝƪƛƭ пΦ IƛŘǊƻƧŜƴƭƛ .ƛǊ hǘƻƳƻōƛƭƛƴ aŜƪŀƴƛƪ !ƪǎŀƳƤ 

Kaynak: Alternative Fuels Data Center (AFDC) Energy, 2020. 

 

 

 
31 wŜƧŜƴŜǊŀǘƛŦ ŦǊŜƴƭŜƳŜ όŦǊŜƴƭŜƳŜ ȅƻƭǳȅƭŀ ƻǊǘŀȅŀ œƤƪŀƴ ǎǸǊǘǸƴƳŜŘŜƴ ŜƭŜƪǘǊƛƪ ŜƴŜǊƧƛǎƛ ŜƭŘŜǎƛύ άtƭǳƎ-Lƴ IƛōǊƛǘ !ǊŀœƭŀǊκtI9±έŘŀ 
Řŀ ƳŜǾŎǳǘǘǳǊΦ .ǳ ŜƴŜǊƧƛΣ ǘŜƪŜǊƭŜƪƭŜǊŜ ōŀƐƭƤ ƻƭŀƴ ŜƭŜƪǘǊƛƪ ƳƻǘƻǊǳƴŘŀ ǸǊŜǘƛƭƛǊΦ 
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Y«w9{9[ 9b9wWT th[T¢TY![!wLb5! IT5whW9b 9b9wWT{T 

¢ǸƳ ŘǸƴȅŀŘŀ ȅŜƴƛƭŜƴŜōƛƭƛǊ ŜƴŜǊƧƛ ƪŀȅƴŀƪƭŀǊƤƴŀ ȅǀƴŜƭƛƪ ȅŀǘƤǊƤƳƭŀǊ ŘŜǾŀƳƭƤ ŀǊǘƳŀƪǘŀŘƤǊΦ ¸ŜƴƛƭŜƴŜōƛƭƛǊ ŜƴŜǊjiler 

ƛœƛƴŘŜ ƛǎŜ Ŝƴ ŦŀȊƭŀ ȅŀǘƤǊƤƳ ŀƭŀƴ ƪŀȅƴŀƪƭŀǊ ƎǸƴŜǒ ǾŜ ǊǸȊƎŃǊ ŜƴŜǊƧƛǎƛŘƛǊΦ ¢ǸƳ ȅŜƴƛƭŜƴŜōƛƭƛǊ ŜƴŜǊƧƛ ƪŀȅƴŀƪƭŀǊƤ ōŀȊƤƴŘŀ 

ƛƴŎŜƭŜƴŘƛƐƛƴŘŜ ƘƛŘǊƻƧŜƴ ŜƴŜǊƧƛǎƛƴƛƴ Ŝƴ ŀȊ ȅŀǘƤǊƤƳ ŀƭŀƴ ƪŀȅƴŀƪ ƻƭŘǳƐǳ ƎǀǊǸƭƳŜƪǘŜŘƛǊΦ !ƴŎŀƪ ƪǸǊŜǎŜƭ ŜƴŜǊƧƛ 

ǇƻƭƛǘƛƪŀƭŀǊƤƴŘŀ ƘƛŘǊƻƧŜƴ ŜƴŜǊƧƛǎƛƴŜ ŀǘŦŜŘƛƭŜƴ ǀƴŜƳ ǾŜ ƘƛŘǊƻƧŜƴ ŜƴŜǊƧƛǎƛ ƳŀƭƛȅŜǘƭŜǊƛƴƛƴ ŘǸǒƳŜǎƛ ǇǊƻƧŜƪǎƛȅƻƴƭŀǊ 

ōŀȊƤƴŘŀ ōǳ ŜƴŜǊƧƛ ǘǸǊǸƴǸƴ ƎǸƴǸƳǸȊŜ ƻǊŀƴƭŀ ŘŀƘŀ ȅŀȅƎƤƴ ǾŜ ȅǸƪǎŜƪ ƳƛƪǘŀǊƭŀǊŘŀ ƪǳƭƭŀƴƤƭŀŎŀƐƤƴƤ ƎǀǎǘŜǊƳŜƪǘŜŘƛǊΦ 

mȅƭŜ ƪƛ нлмрΩǘŜ рс Ƴƛƭȅƻƴ ǘƻƴ ƻƭŀƴ ƪǸǊŜǎŜƭ ƘƛŘǊƻƧŜƴ ǘŀƭŜōƛƴƛƴ нлрлΩŘŜ ррл Ƴƛƭȅƻƴ ǘƻƴŀ ȅŀƪƭŀǒŀŎŀƐƤ 

ǀƴƎǀǊǸƭƳŜƪǘŜŘƛǊ ό Ŝƪƛƭ рύΦ 

 

 Ŝƪƛƭ рΦ IƛŘǊƻƧŜƴ 9ƴŜǊƧƛǎƛƴƛƴ YǸǊŜǎŜƭ .ŀȊŘŀ ¢ŀƭŜǇ 5ǳǊǳƳǳ 

ϝ /ŀǊōƻƴ /ŀǇǘǳǊŜ !ƴŘ ¦ǘƛƭƛȊŀǘƛƻƴ κ YŀǊōƻƴ ¸ŀƪŀƭŀƳŀ ǾŜ YǳƭƭŀƴƤƳƤ 

ό±ŜǊƛƭŜǊΤ 5ŀǾƛŘ ²ƘƛǘŜ ǘŀǊŀŦƤƴŘŀƴ 9ȄŀƧƻǳƭŜ ό9WύΩŘŜƴ ¢ƻƴΩŀ œŜǾǊƛƭƳƛǒǘƛǊΦ м 9W=7 Milyon Ton H2) 

{ŜƪǘǀǊƭŜǊŜ 5ŀƛǊ bǳƳŀǊŀƭŀƴŘƤǊƳŀƭŀǊƤƴ IȅŘǊƻƎŜƴ /ƻǳƴŎƛƭΩŜ ƎǀǊŜ ŀœƤƪƭŀƳŀƭŀǊƤΥ όмύ IƛŘǊƻƧŜƴ ōŀȊƤƴŘŀ ōǸȅǸƪ ǀƭœŜƪƭƛ 
ȅŜƴƛƭŜƴŜōƛƭƛǊ ŜƴŜǊƧƛ ŜƴǘŜƎǊŀǎȅƻƴǳƴǳƴ ǾŜ ŜƭŜƪǘǊƛƪ ǸǊŜǘƛƳƛƴƛƴ ǎŀƐƭŀƴƳŀǎƤΣ όпύ YŀǊōƻƴŘŀƴ ŀǊƤƴŘƤǊƤƭƳƤǒ ǳƭŀǒƤƳΣ όрύ 
9ƴŘǸǎǘǊƛŘŜ ǘŜƳƛȊ ŜƴŜǊƧƛ ƪǳƭƭŀƴƤƳƤΣ όсύ .ƛƴŀƭŀǊƤƴ ƤǎƤǘƤƭƳŀǎƤƴŘŀ ǾŜ ŜƭŜƪǘǊƛƪ ƪǳƭƭŀƴƤƳƤƴŘŀ ƪŀǊōƻƴǎǳȊ ǳȅƎǳƭŀƳŀƭŀǊŀ 

ŘŜǎǘŜƪΣ όтύ 9ƴŘǸǎǘǊƛȅŜ ǘŜƳƛȊ ƘŀƳƳŀŘŘŜ ǎŀƐƭŀƴƳŀǎƤΦ 

Kaynak: Hydrogen Council, 2017: 20 

9ƪƻƴƻƳƛƴƛƴ ƪŀǊōƻƴŘŀƴ ŀǊƤƴŘƤǊƳŀǎƤ ƛœƛƴ ƘƛŘǊƻƧŜƴƛƴ ŘǸǒǸƪ ǾŜȅŀ ǎƤŦƤǊ ƪŀǊōƻƴƭǳ ƪŀȅƴŀƪƭŀǊŘŀƴ ŜƭŘŜ ŜŘƛƭƳŜǎƛ 

ƎŜǊŜƪƳŜƪǘŜŘƛǊΦ «ǊŜǘƛƳ ƪŀȅƴŀƐƤƴŀ ōŀƐƭƤ ƻƭŀǊŀƪ ƘƛŘǊƻƧŜƴΤ ȅŜǒƛƭΣ ƎǊƛ ǾŜ ƳŀǾƛ ǊŜƴƪ ƪƻŘƭŀǊƤƴŘŀƴ ƻƭǳǒƳŀƪǘŀŘƤǊΦ 

¸ŜƴƛƭŜƴŜōƛƭƛǊ ŜƴŜǊƧƛ ƪŀȅƴŀƪƭŀǊƤƴŘŀƴ ǸǊŜǘƛƭŜƴ ŜƭŜƪǘǊƛƪǘŜƴ ŜƭŘŜ ŜŘƛƭŜƴ ƘƛŘǊƻƧŜƴ άȅŜǒƛƭ ƘƛŘǊƻƧŜƴέ ƻƭŀǊŀƪ ǘŀƴƤƳƭŀƴƤȅƻǊ 

ǾŜ ƪŀǊōƻƴ ǎŀƭƤƳƤƴŀ ƴŜŘŜƴ ƻƭƳǳȅƻǊΦ Cƻǎƛƭ ȅŀƪƤǘƭŀǊŘŀƴ ǸǊŜǘƛƭŜƴ ƘƛŘǊƻƧŜƴ άƎǊƛ ƘƛŘǊƻƧŜƴέ ƻƭŀǊŀƪ ŀŘƭŀƴŘƤǊƤƭƤȅƻǊΦ aŀǾƛ 

ƘƛŘǊƻƧŜƴ ŘŜ ƎǊƛ ƛƭŜ ŀȅƴƤ ǒŜƪƛƭŘŜ ǸǊŜǘƛƭƛȅƻǊΦ !ƴŎŀƪ ōǳǊŀŘŀ ŀƳŀœΣ YŀǊōƻƴ ¸ŀƪŀƭŀƳŀ ǾŜ 5ŜǇƻƭŀƳŀ ό/ŀǊōƻƴ /ŀǇǘǳǊŜ 

and Storage / CCS) teknolojilŜǊƛ ƛƭŜ ŜƳƛǎȅƻƴƭŀǊƤ ȅŀƪŀƭŀƳŀƪ ǾŜ ŘŜǇƻƭŀƳŀƪǘƤǊΦ .ǳ ȅǀƴǘŜƳ ȅŀƭƴƤȊŎŀ ŘǸǒǸƪ 

ŜƳƛǎȅƻƴƭŀǊŀ ǳƭŀǒƤƭƳŀǎƤƴƤ ǎŀƐƭŀȅŀƴ ōƛǊ ȅǀƴǘŜƳŘƛǊ όmȊŎŀƴ, 2020). IƛŘǊƻƧŜƴƛƴ ƎǸƴǸƳǸȊŘŜ ŘƛƐŜǊ ȅŀƪƤǘƭŀǊŀ ƻǊŀƴƭŀ 

ǇŀƘŀƭƤ ƻƭƳŀǎƤƴŀ ǊŀƐƳŜƴ ƻǊǘŀ ǾŜ ǳȊǳƴ ǾŀŘŜŘŜ ǘŜƪƴƻƭƻƧƛƪ ƛƭŜǊƭŜƳŜƭŜǊŜ ōŀƐƭƤ ƻƭŀǊŀƪ ŜƴŜǊƧƛ ƪǳƭƭŀƴƤƳƤƴŘŀ ǇŜǘǊƻƭΣ 

ƪǀƳǸǊ ǾŜ ŘƻƐŀƭƎŀȊƤƴ ȅŜǊƛƴƛ ƛƪŃƳŜ ŜŘƛƭŜōƛƭŜŎŜƪ ŀƭǘŜǊƴŀǘƛŦ ȅŀƪƤǘƭŀǊ ŀǊŀǎƤƴŘŀ ōƛǊƛƴŎƛ ǎƤǊŀȅƤ ŀƭƳŀǎƤ ōŜƪƭŜƴƳŜƪǘŜŘƛǊ 

ό.ŀȅǊŀœΣ нлмлΥ нрмύΦ 
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L9!ΩƴƤƴ ƘƛŘǊƻƧŜƴ ƪǳƭƭŀƴƤƳƤƴƤƴ ŀǊǘƤǊƤƭƳŀǎƤ ƘǳǎǳǎǳƴŘŀ !Ǌ-DŜΩƴƛƴ ǀƴŜƳƛƴŜ Řƛƪƪŀǘ œŜƪǘƛƐƛ ƎǀǊǸƭƳŜktedir. Ar-Ge; 

ƘƛŘǊƻƧŜƴƛƴ ȅŀȅƎƤƴƭŀǒƳŀǎƤƴŘŀ ǀƭœŜƪ ŜƪƻƴƻƳƛƭŜǊƛƴƛƴ32 ƳŀƭƛȅŜǘ ŀǾŀƴǘŀƧƭŀǊƤƴŘŀƴ ȅŀǊŀǊƭŀƴƳŀƪ ǎǳǊŜǘƛȅƭŜ ȅŀƪƤǘ ǇƛƭƭŜǊƛΣ 

ƘƛŘǊƻƧŜƴ ōŀȊƭƤ ȅŀƪƤǘƭŀǊ ǾŜ ŜƭŜƪǘǊƻƭƛȊǀǊƭŜǊ όǎǳŘŀƴ ƘƛŘǊƻƧŜƴ ǸǊŜǘƛƳ ǘŜƪƴƻƭƻƧƛύ ŘŀƘƛƭ ƻƭƳŀƪ ǸȊŜǊŜ ƳŀƭƛȅŜǘƭŜǊƛ 

ŘǸǒǸǊƳŜƪ ǾŜ ǇŜǊŦƻǊƳŀƴǎƤ ŀǊǘƤǊƳŀƪ ƛœƛƴ œƻƪ ǀƴŜƳƭƛŘƛǊΦ YŀƳǳ ŦƻƴƭŀǊƤƴƤƴ ƪǳƭƭŀƴƤƳƤ ŘŀƘƛƭ ƻƭƳŀƪ ǸȊŜǊŜ ƘǸƪǸƳŜǘ 

ŜȅƭŜƳƭŜǊƛΣ ŀǊŀǒǘƤǊƳŀ ƎǸƴŘŜƳƛƴƛƴ ōŜƭƛǊƭŜƴƳŜǎƛƴŘŜΣ ǊƛǎƪƭŜǊƛƴ ŀƭƤƴƳŀǎƤƴŘŀ ǾŜ ȅŜƴƛƭƛƪ ƛœƛƴ ǀȊŜƭ ǎŜǊƳŀȅŜƴƛƴ 

œŜƪƛƭƳŜǎƛƴŘŜ ƪǊƛǘƛƪ ǀƴŜƳŜ ǎŀƘƛǇǘƛǊ όL9!Σ нлмфΥ мсύΦ IƛŘǊƻƧŜƴŜ ƻƭŀƴ ƪǸǊŜǎŜƭ ǘŀƭŜǇ ŀǊǘǘƤƪœŀΣ ǀƭœŜƪ ŜƪƻƴƻƳƛǎƛ 

ƳŀƭƛȅŜǘƭŜǊƛ ŘǸǒŜŎŜƪǘƛǊΦ bŀǘƛƻƴŀƭ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ [ŀōƻǊŀǘƻǊȅ όbw9[ύΣ мл ȅƤƭ ƛœƛƴŘŜ ŘƛƐŜǊ ŀƭǘŜǊƴŀǘƛŦ 

ȅŀƪƤǘƭŀǊŀ ōŜƴȊŜǊ ōƛǊ ƛǎǘŀǎȅƻƴ ōŀǒƤƴŀ ƳŀƭƛȅŜǘ ǀƴƎǀǊƳŜƪǘŜŘƛǊΦ .ǳƴŀ Ŝƪ ƻƭŀǊŀƪΣ ǘŀǎŀǊƤƳΣ ƳǸƘŜƴŘƛǎƭƛƪ ǾŜ 

ƛƴǒŀŀǘ ƘŀƪƪƤƴŘŀ ǀƐǊŜƴƛƭŜƴ ŘŜǊǎƭŜǊΣ ŜƪƛǇƳŀƴ ŘƤǒƤ ƳŀƭƛȅŜǘƭŜǊƛ ŀȊŀƭǘƳŀȅŀ ȅŀǊŘƤƳŎƤ ƻƭŀŎŀƪǘƤǊ ό/!C/tΣ 

2020). 

.ǳ ŀƭŀƳŘŀ ƘǸƪǸƳŜǘƭŜǊƛƴ ƘƛŘǊƻƧŜƴ ƪƻƴǳǎǳƴŘŀ ȅŀǊŀǘŀŎŀƐƤ ŦƤǊǎŀǘƭŀǊ ƘƛŘǊƻƧŜƴ ǸǊŜǘƛƳ ǾŜ ƪǳƭƭŀƴƤƳ ǘŜƪƴƻƭƻƧƛƭŜǊƛƴƛƴ 

ȅŀȅƎƤƴƭŀǒƳŀǎƤƴƤ ǎŀƐƭŀȅŀŎŀƪǘƤǊΦ 5ƻƭŀȅƤǎƤȅƭŀ Ǉƻƭƛǘƛƪŀ ȅŀǇƤŎƤƭŀǊ ǾŜ ȅŀǘƤǊƤƳƭŀǊ ŀǊŀǎƤƴŘŀ ƎǸœƭǸ ōƛǊ ōŀƐƭŀƴǘƤ ǾŀǊŘƤǊΦ ¦ƭǳǎŀƭ 

ŜƴŜǊƧƛ ǇƻƭƛǘƛƪŀƭŀǊƤƴŘŀ ƘƛŘǊƻƧŜƴ ǳȅƎǳƭŀƳŀƭŀǊƤƴŀ ȅŜǊ ǾŜǊƳŜƪ ŘŀƘŀǎƤ ƘƛŘǊƻƧŜƴƛƴ ǳƭŀǒƤƳŘŀ ƪǳƭƭŀƴƤƭƳŀǎƤ ƘǳǎǳǎǳƴŘŀ 

Ǉƻƭƛǘƛƪŀ ǸǊŜǘƳŜƪ ǳƭǳǎŀƭ ƘǸƪǸƳŜǘƭŜǊƛƴ ƪŀǊŀǊƭŀǊƤƴŀ ōŀƐƭƤŘƤǊΦ YǸǊŜǎŜƭ ŜƴŜǊƧƛ ǇƻƭƛǘƛƪŀƭŀǊƤ ƛœƛƴŘŜ ȅŀƪƤƴ ƎŜƭŜŎŜƪǘŜ 

ƘƛŘǊƻƧŜƴƛƴ ǀƴŜƳƭƛ ōƛǊ ŀƪǘǀǊ ƻƭŀŎŀƐƤ ǀƴƎǀǊǸƭŜōƛƭƛǊΦ «ƭƪŜƭŜǊƛƴ ƘƛŘǊƻƧŜƴ ŘŜǎǘŜƪƭŜǊƛ ǒǳ ǒŜƪƛƭŘŜŘƛǊ ό¢ŀōƭƻ мύΦ 

Tablo 1. «ƭƪŜƭŜǊ ǾŜ !ǾǊǳǇŀ .ƛǊƭƛƐƛ .ŀȊƤƴŘŀ IƛŘǊƻƧŜƴ ¦ȅƎǳƭŀƳŀƭŀǊƤ 5ŜǎǘŜƪƭŜǊƛ 

 

Avustralya 

 

млл Ƴƛƭȅƻƴ !ǾǳǎǘǊŀƭȅŀ 5ƻƭŀǊƤ ǸȊŜǊƛƴŘŜ ōƛǊ ŘŜǎǘŜƐƛ ƘƛŘǊƻƧŜƴ 
ŀǊŀǒǘƤǊƳŀƭŀǊƤ ǾŜ Ǉƛƭƻǘ ǇǊƻƧŜƭŜǊƛ ŘŜǎǘŜƪƭŜƳŜƪ ƛœƛƴ ƪǳƭƭŀƴƳŀ ƪŀǊŀǊƤ 
ŀƭƤƴŘƤΦ .ƛƭƛƳǎŜƭ ǾŜ 9ƴŘǸǎǘǊƛȅŜƭ !ǊŀǒǘƤǊƳŀ Kurumu, hidrojen 
ǳȅƎǳƭŀƳŀƭŀǊƤ ƪƻƴǳǎǳƴŘŀ œŀƭƤǒƳŀƭŀǊ ȅǸǊǸǘŜŎŜƪΦ 

 

ABD 

 

YŀǊōƻƴ ȅŀƪŀƭŀƳŀ ǾŜ ŘŜǇƻƭŀƳŀ ƪƻƴǳǎǳƴŘŀ œŀƭƤǒƳŀƭŀǊ ǾŜ ƳŜǾȊǳŀǘ 
ŘǸȊŜƴƭŜƳŜƭŜǊƛ ŘŜǾŀƳ ŜŘƛȅƻǊΦ YŀƭƛŦƻǊƴƛȅŀΣ ά5ǸǒǸƪ YŀǊōƻƴƭǳ ¸ŀƪƤǘ 
{ǘŀƴŘŀǊŘƤέƴƤ нлол ȅƤƭƤƴŀ ƪŀŘŀǊ ƪŀǊōƻƴ ȅƻƐǳƴƭǳƐǳƴŘŀ ŘŀƘŀ Ŝǘƪƛƴ 
biǊ ŀȊŀƭǘƳŀ ƎŜǊœŜƪƭŜǒŜŎŜƪ ǒŜƪƛƭŘŜ ŘŜƐƛǒǘƛǊŘƛ ǾŜ ȅŀƪƤǘ 
ƛǎǘŀǎȅƻƴƭŀǊƤƴƤƴ ƎŜƭƛǒǘƛǊƛƭƳŜǎƛƴƛ ǘŜǒǾƛƪ ŜǘǘƛΦ YŀƭƛŦƻǊƴƛȅŀ ¸ŀƪƤǘ IǸŎǊŜǎƛ 
hǊǘŀƪƭƤƐƤΣ 4ƛƴΩƛƴ ƘŜŘŜŦƭŜǊƛȅƭŜ ŜǒƭŜǒŜƴΣ нлол ȅƤƭƤƴŀ ƪŀŘŀǊ мллл 
ƘƛŘǊƻƧŜƴ ȅŀƪƤǘ ƛƪƳŀƭ ƛǎǘŀǎȅƻƴǳ ǾŜ м Ƴƛƭȅƻƴ ȅŀƪƤǘ ƘǸŎǊŜƭƛ ŀǊŀœ ƛœƛƴ 
hedefler belirledi. 

 

Almanya 

 

άIƛŘǊƻƧŜƴ ǾŜ ¸ŀƪƤǘ IǸŎǊŜǎƛ ¢ŜƪƴƻƭƻƧƛƭŜǊƛέ ƛœƛƴ ¦ƭǳǎŀƭ ¸Ŝƴƛƭƛƪ 
tǊƻƎǊŀƳƤ œŜǊœŜǾŜǎƛƴŘŜ Ƙŀƭƪŀ ŀœƤƪ ƘƛŘǊƻƧŜƴ ȅŀƪƤǘ ƛǎǘŀǎȅƻƴƭŀǊƤΣ ȅŀƪƤǘ 
ƘǸŎǊŜƭƛ ŀǊŀœƭŀǊ ǾŜ ƳƛƪǊƻ ƪƻƧŜƴŜǊŀǎȅƻƴ33 ǎŀǘƤƴ ŀƭƤƳƭŀǊƤ ƛœƛƴ 
ǎǸōǾŀƴǎƛȅƻƴƭŀǊ ŘŀƘƛƭ ƻƭƳŀƪ ǸȊŜǊŜ ŦƛƴŀƴǎƳŀƴ ǎŀƐƭŀƴƤȅƻǊΦ 
IƛŘǊƻƧŜƴƭŜ œŀƭƤǒŀƴ ǘƛŎŀǊƛ ǘǊŜƴƭŜǊƛƴ ƪǳƭƭŀƴƤƳƤƴŀ ōŀǒƭŀƴŘƤΦ 

 

!ǾǊǳǇŀ .ƛǊƭƛƐƛ 

 

YŀǊōƻƴǎǳȊ ƎŜƭŜŎŜƪ ǘŜƳŀǎƤ ōŀƐƭŀƳƤƴŘŀ нлол ƘŜŘŜŦƭŜǊƛȅƭŜ ƛƭƎƛƭƛ 
ȅŜƴƛƭŜƴŜōƛƭƛǊ ƪŀȅƴŀƪƭŀǊŘŀƴ ǸǊŜǘƛƭŜƴ ƘƛŘǊƻƧŜƴƛ ƳǸƳƪǸƴ ƪƤƭŀǊŀƪ 
ȅŜƴƛƭŜƴŜōƛƭƛǊ ƪŀȅƴŀƪƭŀǊŘŀƴ ŜƴŜǊƧƛ ƪǳƭƭŀƴƤƳƤƴƤƴ ǘŜǒǾƛƪ ŜŘƛƭƳŜǎƛƴƛ 
ǎŀƐƭŀƳŀƪΦ !.Σ ǸȅŜ ǸƭƪŜƭŜǊƛ ŀǊŀǎƤƴŘŀ ƘƛŘǊƻƧŜƴƛƴ ǘŀǊǘƤǒƤƭƳŀǎƤ ƛœƛƴ 
ǇƭŀǘŦƻǊƳ ƻƭŀǊŀƪ ōƛǊ άIƛŘǊƻƧŜƴ 9ƴŜǊƧƛ !ƐƤέ ƪǳǊŘǳΦ !. ǸȅŜǎƛ ǸƭƪŜƭŜǊΣ 
ȅŀƪƭŀǒƤƪ млл ƛǒƭŜǘƳŜΣ œŜǒƛǘƭƛ ƪǳǊǳƳ ǾŜ ƪǳǊǳƭǳǒƭŀǊƤƴ ȅŀƴƤ ǎƤǊŀ 
ǎǸǊŘǸǊǸƭŜōƛƭƛǊ ƘƛŘǊƻƧŜƴ ǘŜƪƴƻƭƻƧƛǎƛ ƪƻƴǳǎǳƴŘŀ ƛǒ ōƛǊƭƛƐƛƴƛ ǘŜǒǾƛƪ 
ŜŘŜƴ [ƛƴȊ 5ŜƪƭŀǊŀǎȅƻƴǳ άIƛŘǊƻƧŜƴ DƛǊƛǒƛƳƛέ ƛƳȊŀƴƭŀŘƤΦ 

 
32 «ǊŜǘƛƳ ƳƛƪǘŀǊƤƴƤ ŀǊǘƤǊƳŀƪ ǎǳǊŜǘƛȅƭŜ ōƛǊƛƳ ƳŀƭƛȅŜǘƭŜǊƛ ŀǒŀƐƤ œŜƪƳŜƪΦ 

33 9ƭŜƪǘǊƛƪ ŜƴŜǊƧƛǎƛƴŜ ŘŀȅŀƭƤ ƻƭǳǇ ƪǳǊǳƭǳ ƎǸŎǸ рл Y² ǾŜ ŀƭǘƤ ƻƭŀƴΣ ƤǎƤΣ ǎƻƐǳǘƳŀ ŜƴŜǊƧƛǎƛ ǾŜ ŜƭŜƪǘǊƛƪ ŜƴŜǊƧƛǎƛƴƛƴ ŀȅƴƤ ŎƛƘŀȊƭŀ ǘŜk 
ǎŜŦŜǊŘŜ ǸǊŜǘƛƭƳŜǎƛƴŜ ƻƭŀƴŀƪ ǎŀƐƭŀȅŀƴ ǘŜƪƴƻƭƻƧƛŘƛǊ όYhW9b¢«wYΣ нлмрύΦ ¸ŀƪƤǘ ǇƛƭƭŜǊƛ ƳƛƪǊƻ ƪƻƧŜƴŜǊŀǎȅƻƴŀ ǀǊƴŜƪǘƛǊΦ 
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Avusturya 

 

нлол !ǾǳǎǘǳǊȅŀ TƪƭƛƳ ǾŜ 9ƴŜǊƧƛ {ǘǊŀǘŜƧƛǎƛ ƘŜŘŜŦƭŜǊƛ ŘƻƐǊǳƭǘǳǎǳƴŘŀ 
ȅŜƴƛƭŜƴŜōƛƭƛǊ ŜƭŜƪǘǊƛƐŜ ŘŀȅŀƭƤ ōƛǊ ƘƛŘǊƻƧŜƴ ǎǘǊŀǘŜƧƛǎƛ ƎŜƭƛǒǘƛǊƳŜƪ ƛœƛƴ 
ŀŘƤƳƭŀǊ ŀǘƤƭƳŀƪǘŀŘƤǊΦ 

 

.Ŝƭœƛƪŀ 

 

.ƛǊ ƘƛŘǊƻƧŜƴ ȅƻƭ ƘŀǊƛǘŀǎƤ ȅŀȅƤƴƭŀƴŘƤ ǾŜ ōŜƭƛǊƭƛ ƘŜŘŜŦƭŜǊ ōŜƭƛǊƭŜƴŘƛΦ 
нлол ǾŜ нлрл ƘŜŘŜŦƭŜǊƛ œŜǊœŜǾŜǎƛƴŘŜ ŜƭŜƪǘǊƛƪǘŜƴ ƘƛŘǊƻƧŜƴ ƎŀȊƤ ŜƭŘŜ 
ŜǘƳŜƪ ƛœƛƴ рл Ƴƛƭȅƻƴ ŀǾǊƻƭǳƪ ōƛǊ ōǀƭƎŜǎŜƭ ȅŀǘƤǊƤƳ ǇƭŀƴƤ ǎǳƴǳƭŘǳΦ 

 

.ƛǊƭŜǒƛƪ YǊŀƭƭƤƪ 

 

TƴƎƛƭǘŜǊŜ ŘƻƐŀƭ ƎŀȊ ǒŜōŜƪŜǎƛƴƛƴ ōƛǊ ōǀƭǸƳǸƴŘŜ ҈нлΩȅŜ ƪŀŘŀǊ 
ƘƛŘǊƻƧŜƴƛ ƘŀǊƳŀƴƭŀƳŀȅƤ ǇƭŀƴƭƤȅƻǊΦ IƛŘǊƻƧŜƴ ŘŜǇƻƭŀƳŀ ǘŜƪƴƻƭƻƧƛƭŜǊƛ 
ǸȊŜǊƛƴŜ ŀǊŀǒǘƤǊƳŀƭŀǊ ȅŀǇƤƭƤȅƻǊΦ 9ƴŘǸǎǘǊƛȅŜƭ {ǘǊŀǘŜƧƛ wŜƪŀōŜǘ 
CƻƴǳΩƴŘŀƴ мтл Ƴƛƭȅƻƴ ǇƻǳƴŘƭǳƪ ƪŀƳǳ ȅŀǘƤǊƤƳƤ ƛƭŜ ŘŜǎǘŜƪƭŜƴŜƴ 
ƪŀǊōƻƴŘŀƴ ŀǊƤƴŘƤǊƳŀ ǇǊƻƧŜǎƛ ȅǸǊǸǘǸƭǸȅƻǊΦ 

 

 

¢ŀōƭƻ м ό5ŜǾŀƳƤύ 

 

Brezilya 

 

¸ŜƴƛƭŜƴŜōƛƭƛǊ 9ƴŜǊƧƛ YŀȅƴŀƪƭŀǊƤ ǾŜ .ƛȅƻȅŀƪƤǘƭŀǊ ƛœƛƴ .ƛƭƛƳΣ ¢ŜƪƴƻƭƻƧƛ 
ǾŜ ¸Ŝƴƛƭƛƪ tƭŀƴƤΩƴŀ ƘƛŘǊƻƧŜƴƛ ŘŀƘƛƭ ŜǘǘƛΦ нлмуΩŘŜ ннΦ 5Ǹƴȅŀ IƛŘǊƻƧŜƴ 
Enerjiǎƛ YƻƴŦŜǊŀƴǎƤΩƴŀ ŜǾ ǎŀƘƛǇƭƛƐƛ ȅŀǇǘƤ ǾŜ ŘŜǎǘŜƪ ǾŜǊŘƛΦ 

 

4ƛƴ 

 

¸ŀƪƤǘ ƘǸŎǊŜƭŜǊƛƴƛƴ ƎŜƭƛǒǘƛǊƛƭƳŜǎƛ ǾŜ ƘƛŘǊƻƧŜƴ ŘƻƭǳƳ ƛǎǘŀǎȅƻƴƭŀǊƤƴƤƴ 
ǎŀȅƤŎŀ ŀǊǘƤǊƤƭƳŀǎƤ ƪŀǊŀǊƤƴƤ ŀƭŘƤΦ .ǳ ƪŀǇǎŀƳŘŀ 4ƛƴΩƛƴ ƘŜŘŜŦƛ нлолΩŀ 
ƪŀŘŀǊ м Ƴƛƭȅƻƴ ȅŀƪƤǘ ƘǸŎǊŜƭƛ ŀǊŀœ όC/9±ύ ǾŜ мллл ȅŀƪƤǘ istasyonuna 
ǳƭŀǒƳŀƪΦ !ȅǊƤŎŀ ƎŜƳƛƭŜǊ ŘŜ ŘŀƘƛƭ ƻƭƳŀƪ ǸȊŜǊŜ ȅŀƪƤǘ ƘǸŎǊŜƭƛ 
ŀǊŀœƭŀǊŀ ǾŜǊƎƛ ƳǳŀŦƛȅŜǘƛ ƎŜǘƛǊƛƭŘƛΦ 

 

Fransa 

 

.ƛǊ άIƛŘǊƻƧŜƴ 5ŀƐƤǘƤƳ tƭŀƴƤέ ǾŜ млл Ƴƛƭȅƻƴ ŀǾǊƻƭǳƪ ŦƛƴŀƴǎƳŀƴ ƛƭŜ 
ŜƴŘǸǎǘǊƛŘŜΣ ǳƭŀǒƤƳŘŀ ǾŜ ȅŜƴƛƭŜƴŜōƛƭƛǊ ŜƴŜǊƧƛ ŘŜǇƻƭŀƳŀŘŀ ŘǸǒǸƪ 
karbonlu hidǊƻƧŜƴ ƛœƛƴ нлно ǾŜ нлну ƘŜŘŜŦƭŜǊƛ ŀœƤƪƭŀƴŘƤΦ 

 

DǸƴŜȅ !ŦǊƛƪŀ 

 

ά¸Ŝǒƛƭ ¦ƭŀǒƤƳ {ǘǊŀǘŜƧƛǎƛƴƛƴέ ōƛǊ ǇŀǊœŀǎƤ ƻƭŀǊŀƪ ȅŀƪƤǘ ƘǸŎǊŜƭƛ ŀǊŀœƭŀǊ 
ǾŜ ǘƻǇƭǳ ǘŀǒƤƳŀŘŀ ǀȊŜƭƭƛƪƭŜ ƻǘƻōǸǎƭŜǊƛƴ ƪǳƭƭŀƴƤƳƤ ƘǳǎǳǎǳƴŘŀ 
œŀƭƤǒƳŀƭŀǊ ȅǸǊǸǘǸƭǸȅƻǊΦ 

 

DǸƴŜȅ YƻǊŜ 

 

hǘƻōǸǎƭŜǊΣ C/9±ΩƭŜǊ ǾŜ ȅŀƪƤǘ ƛƪƳŀƭ ƛǎǘŀǎȅƻƴƭŀǊƤ ƛœƛƴ нлнн ǾŜ нлпл 
ƘŜŘŜŦƭŜǊƛƴƛ ƛœŜǊŜƴ ōƛǊ ƘƛŘǊƻƧŜƴ ŜƪƻƴƻƳƛǎƛ ȅƻƭ ƘŀǊƛǘŀǎƤ ȅŀȅƤƴƭŀƴŘƤ ǾŜ 
ǘǸƳ ǘƛŎŀǊƛ ŀǊŀœƭŀǊƤ нлнр ȅƤƭƤƴŀ ƪŀŘŀǊ ƘƛŘǊƻƧŜƴŜ ƎŜœƛǊƳŜ ǾƛȊȅƻƴǳ 
ōŜƭƛǊƭŜƴŘƛΦ ¸ŀƪƤǘ ƛƪƳŀƭ ƛǎǘŀǎȅƻƴƭŀǊƤ ƛœƛƴ Ƴŀƭƛ ŘŜǎǘŜƪ ǎŀƐƭŀƴŘƤ ǾŜ 
mevzuat sorunlŀǊƤ ƎƛŘŜǊƛƭŘƛΦ ¢ǸƳ ǳȅƎǳƭŀƳŀ ŀƭŀƴƭŀǊƤƴŘŀ ƘƛŘǊƻƧŜƴ 
ǘŜƪƴƻƭƻƧƛƭŜǊƛȅƭŜ ƛƭƎƛƭƛ œŀƭƤǒƳŀƭŀǊ ǎǸǊǸȅƻǊΦ 

 

Hindistan 

 

IƛŘǊƻƧŜƴ ǳȅƎǳƭŀƳŀƭŀǊƤ ǾŜ ȅŀƪƤǘ ƘǸŎǊŜƭŜǊƛ ǸȊŜǊƛƴŜ ŀǊŀǒǘƤǊƳŀ Ŧƻƴǳ 
ǎŀƐƭŀƴŘƤΦ ¸ŀƪƤǘ ƘǸŎǊŜƭƛ ƻǘƻōǸǎƭŜǊƛƴ ƪǳƭƭŀƴƤƳƤ ƪƻƴǳǎǳƴŘŀ œŀƭƤǒƳŀƭŀǊ 
ȅŀǇƤƭƤȅƻǊΦ 

 

Hollanda 

 

.ƛǊ ƘƛŘǊƻƧŜƴ ȅƻƭ ƘŀǊƛǘŀǎƤ ȅŀȅƤƴƭŀƴŘƤ ǾŜ IƻƭƭŀƴŘŀ TƪƭƛƳ !ƴƭŀǒƳŀǎƤΩƴŀ 
ƘƛŘǊƻƧŜƴƭŜ ƛƭƎƛƭƛ ōǀƭǸƳ ŘŀƘƛƭ ŜŘƛƭŘƛΦ YǳȊŜȅōŀǘƤ !ǾǊǳǇŀΩŘŀ ƘƛŘǊƻƧŜƴ 
ƪƻƴǳǎǳƴŘŀ ƛǒ ōƛǊƭƛƐƛƴƛ ŘŜǎǘŜƪƭŜƳŜƪ ŀƳŀŎƤȅƭŀ IƻƭƭŀƴŘŀΣ .ŜƭœƛƪŀΣ 
[ǸƪǎŜƳōǳǊƎΣ CǊŀƴǎŀΣ !ƭƳŀƴȅŀ ǾŜ !ǾǳǎǘǳǊȅŀ άtŜƴǘŀƭŀǘŜǊŀƭ Enerji 
CƻǊǳƳǳέƴǳƴ ƛƭƪ ǘƻǇƭŀƴǘƤƭŀǊƤƴŀ ǀƴŎǸƭǸƪ ŜǘǘƛΦ 

 

Tǘŀƭȅŀ 

 

IƛŘǊƻƧŜƴ ȅŀƪƤǘ ƛǎǘŀǎȅƻƴƭŀǊƤƴƤƴ ŀǊǘƤǊƤƭƳŀǎƤ ƘǳǎǳǎǳƴŘŀ ȅŀǘƤǊƤƳ ǾŜ 
ōŀǎƤƴœ ƳƛƪǘŀǊƭŀǊƤ ƛƭŜ ƛƭƎƛƭƛ ƳŜǾȊǳŀǘ ŘǸȊŜƴƭŜƳŜƭŜǊƛ ȅŀǇƤƭƤȅƻǊΦ 

 

Japonya 

IƛŘǊƻƧŜƴ ǾŜ ȅŀƪƤǘ ƘǸŎǊŜǎƛ ƳŀƭƛȅŜǘƭŜǊƛƴƛƴ ŘǸǒǸǊǸƭƳŜǎƛȅƭŜ ƛƭƎƛƭƛ 
ƘŜŘŜŦƭŜǊ ǾŜ ŜƴŜǊƧƛ ǎŀƴǘǊŀƭƭŜǊƛƴŘŜ ƘƛŘǊƻƧŜƴ ƪǳƭƭŀƴƤƳƤƴŀ ȅǀƴŜƭƛƪ 
œŀƭƤǒƳŀƭŀǊ ȅǸǊǸǘǸƭǸȅƻǊΦнлнмΩŜ ƪŀŘŀǊ ул ƘƛŘǊƻƧŜƴ ȅŀƪƤǘ 
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 ƛǎǘŀǎȅƻƴǳƴǳƴ ŘŀƘŀ ƛƴǒŀ ŜŘƛƭƳŜǎƛ ǇƭŀƴƭŀƴƤȅƻǊΦ IƛŘǊƻƧŜƴƛƴ 
yenilenebilir enerjiƭŜǊ ȅƻƭǳȅƭŀ ŜƭŘŜ ŜŘƛƭƳŜǎƛƴŜ ȅǀƴŜƭƛƪ ǇǊƻƎǊŀƳƭŀǊ 
devam ediyor. 

 

bƻǊǾŜœ 

 

IƛŘǊƻƧŜƴƭŜ œŀƭƤǒŀƴ ōƛǊ ŦŜǊƛōƻǘ ǾŜ ōƛǊ ƎŜƳƛƴƛƴ ƎŜƭƛǒǘƛǊƛƭƳŜǎƛ ƛœƛƴ Ŧƻƴ 
ǎŀƐƭŀƴƳŀƪǘŀŘƤǊΦ ¸ŀƪƤǘ ƘǸŎǊŜƭƛ ƻǘƻƳƻōƛƭƭŜǊƛƴ ǾŜ ŘƛƐŜǊ ŀǊŀœŀƭŀǊƤƴ 
ȅŀȅƎƤƴƭŀǒǘƤǊƤƭƳŀǎƤ ǇƭŀƴƭŀƴƤȅƻǊΦ 

 

Suudi Arabistan 

 

{ŀǳŘƛ !ǊŀƳŎƻ ǾŜ !ƛǊ tǊƻŘǳŎǘǎ ŦƛǊƳŀƭŀǊƤ ƻǊǘŀƪƭŀǒŀ ǒŜƪƛƭŘŜ {ǳǳŘƛ 
!ǊŀōƛǎǘŀƴΩƤƴ ƛƭƪ ƘƛŘǊƻƧŜƴ ȅŀƪƤǘ ƛǎǘŀǎȅƻƴǳƴǳ ƛƴǒŀ ŜǘǘƛΦ 

 

Yeni Zelanda 

 

WŀǇƻƴȅŀ ƛƭŜ ƻǊǘŀƪ ƘƛŘǊƻƧŜƴ ǇǊƻƧŜƭŜǊƛ ǸȊŜǊƛƴŘŜ œŀƭƤǒƳŀƪ ǸȊŜǊŜ ōƛǊ ƛǒ 
ōƛǊƭƛƐƛ ŀƴƭŀǒƳŀǎƤ ƛƳȊŀƭŀƴŘƤΦ .ƛǊ άIƛŘǊƻƧŜƴ {ǘǊŀǘŜƧƛǎƛέ ōŜƭƛǊƭŜƴŘƛΦ 
CƛǊƳŀƭŀǊŀ ƘƛŘǊƻƧŜƴ ȅŀǘƤǊƤƳƭŀǊƤ ȅŀǇƳŀƭŀǊƤ ƛœƛƴ ¸Ŝǒƛƭ ¸ŀǘƤǊƤƳ Cƻƴǳ 
ƻƭǳǒǘǳǊǳƭŘǳΦ 

Kaynak: IEA, 2019: 21-22 

.ǳ ƪŀǇǎŀƳŘŀΣ ǸƭƪŜƭŜǊ ƴŜȊŘƛƴŘŜ ōŜƭƛǊƭŜƴŜƴ ƘŜŘŜŦƭŜǊƭŜ ōƛǊƭƛƪǘŜ ǾŜǊƛƭŜƴ ǘŜǒǾƛƪƭŜǊΣ ƘŜǊƘŀƴƎƛ ōƛǊ ǘŜǒǾƛƪ ǎǳƴǳƭƳŀƪǎƤȊƤƴ 

belirlenen hedŜŦƭŜǊ ǾŜ ƘŜǊƘŀƴƎƛ ōƛǊ ƘŜŘŜŦ ōŜƭƛǊƭŜƴƳŜƪǎƛȊƛƴ ǾŜǊƛƭŜƴ ǘŜǒǾƛƪƭŜǊ ƪŀǇǎŀƳƤƴŘŀ ƘƛŘǊƻƧŜƴƭŜ ƛƭƎƛƭƛ 

ŘŜǎǘŜƪƭŜƳŜƭŜǊ ǎǳƴŀƴ ǸƭƪŜ ǎŀȅƤǎƤ ƛƭŜ ŘŜǎǘŜƪ ǎŀƐƭŀƴŀƴ ǳȅƎǳƭŀƳŀƭŀǊ ƛœƛƴ ό Ŝƪƛƭ сύΦ 

 

 Ŝƪƛƭ сΦ «ƭƪŜ {ŀȅƤƭŀǊƤ .ŀȊƤƴŘŀ IƛŘǊƻƧŜƴ ¦ȅƎǳƭŀƳŀƭŀǊƤƴŀ {ŀƐƭŀƴŀƴ 5ŜǎǘŜƪƭŜǊ 

Kaynak: IEA, 2019: 20 

IƛŘǊƻƧŜƴƭƛ ƻǘƻƳƻōƛƭƭŜǊƭŜ ōƛǊƭƛƪǘŜ ŀǊŀœ ȅŀƪƤǘ ƛǎǘŀǎȅƻƴƭŀǊƤƴƤƴ ǸƭƪŜƭŜǊ ǘŀǊŀŦƤƴŘŀƴ Ŝƴ ŦŀȊƭŀ ŘŜǎǘŜƪ ƎǀǊŜƴ ǳȅƎǳƭŀƳŀƭŀǊ 

ƻƭŘǳƐǳ ƎǀǊǸƭƳŜƪǘŜŘƛǊΦ .ǳƴŀ ƎǀǊŜ ƘƛŘǊƻƧŜƴƭƛ ŀǊŀœƭŀǊƤƴ ǎŀȅƤŎŀ ŀǊǘƳŀǎƤ ȅŀƪƤǘ ƛƪƳŀƭƛ ƪƻƴǳǎǳƴŘŀ ƪǳƭƭŀƴƤŎƤƭŀǊ 

ŀœƤǎƤƴŘŀƴ ƎƛǘǘƛƪœŜ ŘŀƘŀ ŀȊ ŜƴŘƛǒŜȅŜ ǎŜōŜǇ ƻƭŀŎŀƐƤ ƎǀǊǸƭƳŜƪǘŜŘƛǊΦ IƛŘǊƻƧŜƴƭƛ ŀǊŀœƭŀǊŀ ȅǀƴŜƭƛƪ ƻƭŀǊŀƪ ǎƤƪƭƤƪƭŀ ŘƛƭŜ 

ƎŜǘƛǊƛƭŜƴ ƛƪƛ ƪƻƴǳ ōǳƭǳƴƳŀƪǘŀŘƤǊΦ .ǳƴƭŀǊŘŀƴ ōƛǊƛ ǎǀȊ ƪƻƴǳǎǳ ŀǊŀœƭŀǊƤƴ ƳŜƴȊƛƭ ƳŜǎŀŦŜǎƛƴƛƴ ƪƤǎŀ ƻƭŘǳƐǳ ŘƛƐŜǊƛ ƛǎŜ 

ōǳ ŀǊŀœƭŀǊƤƴ ȅŀƪƤǘ ƛǎǘŀǎȅƻƴƭŀǊƤƴƤƴ ȅŜǘŜǊǎƛȊƭƛƐƛƴŜ ōŀƐƭƤ ƻƭŀǊŀƪ ŘŜȊŀǾŀƴǘŀƧŀ ǎŀƘƛǇ ƻƭŘǳƐǳ ǎǀȅƭŜƳƛŘƛǊΦ .ǳ ƛƪƛ ȅŀƪƭŀǒƤƳ 

Řŀ ǎƻƴ ȅƤƭƭŀǊŘŀ ƘƛŘǊƻƧŜƴ ǘŜƪƴƻƭƻƧƛƭŜǊƛ ǾŜ ȅŀƪƤǘ ǇƛƭƭŜǊƛ ƪƻƴǳǎǳƴŘŀƪƛ ƎŜƭƛǒƳŜƭŜǊ ŘǸǒǸƴǸƭŘǸƐǸƴŘŜ ƛǎŀōŜǘƭƛ ŘŜƐƛƭŘƛǊΦ 

mȅƭŜ ƪƛ ƎŜƭƛƴŜƴ ǘŜƪƴƻƭƻƧƛƪ ƴƻƪǘŀ ƛǘƛōŀǊƛȅƭŜ ƘƛŘǊƻƧŜƴƭƛ ŀǊŀœƭŀǊƤƴ ƳŜƴȊƛƭ ƳŜǎŀŦŜǎƛ ŜƭŜƪǘǊƛƪƭƛ ŀǊŀœƭŀǊƤƴ ƳŜƴȊƛƭ 

ƳŜǎŀŦŜǎƛƴŜ ƻǊŀƴƭŀ ŘŀƘŀ ŦŀȊƭŀŘƤǊΦ !ȅǊƤŎŀ ǘǸƳ ŘǸƴȅŀŘŀ Ƙŀƭƛ ƘŀȊƤǊŘŀ ƻƭŀƴ ǾŜ Ǉƭŀƴƭŀƴŀƴ ƘƛŘǊƻƧŜƴ ȅŀƪƤǘ ƛǎǘŀǎȅƻƴƭŀǊƤ 

ōǳ ŀǊŀœƭŀǊƤƴ ǘŜǊŎƛƘ ŜŘƛƭƛǊƭƛƐƛƴƛ ŀǊǘƤǊŀŎŀƪǘƤǊΦ YǸǊŜǎŜƭ ǀƭœŜƪǘŜ ƘƛŘǊƻƧŜƴ ȅŀƪƤǘ ƛǎǘŀǎȅƻƴƭŀǊƤ ƛœƛƴ ό Ŝƪƛƭ тύ ƛƭŜ ōǀƭƎŜƭŜǊ 

ōŀȊƤƴŘŀ ƘƛŘǊƻƧŜƴ ȅŀƪƤǘ ƛǎǘŀǎȅƻƴƭŀǊƤƴƤƴ ƎŜƭƛǒƛƳ ǘǊŜƴŘƛ ƛœƛƴ ό Ŝƪƛƭ уύΦ 
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 Ŝƪƛƭ тΦ YǸǊŜǎŜƭ .ŀȊŘŀ IƛŘǊƻƧŜƴ ¸ŀƪƤǘ TƪƳŀƭ TǎǘŀǎȅƻƴƭŀǊƤƴƤƴ 5ŀƐƤƭƤǒƤ 

Kaynak: H2Stations, 2020 

IŀǊƛǘŀŘŀ ƎǀǊǸƭŘǸƐǸ ǸȊŜǊŜ Ŝƴ ŦŀȊƭŀ ƘƛŘǊƻƧŜƴ ȅŀƪƤǘ ƛǎǘŀǎȅƻƴƭŀǊƤƴŀ ǎŀƘƛǇ ŎƻƐǊŀŦȅŀƭŀǊΤ !ǾǊǳǇŀ όǀȊŜƭƭƛƪƭŜ !ƭƳŀƴȅŀύΣ 

WŀǇƻƴȅŀΣ DǸƴŜȅ YƻǊŜ ǾŜ !.5Ωƴƛƴ ōŀǒƤƴƤ œŜƪǘƛƐƛ ƎŜƭƛǒƳƛǒ ŘǸƴȅŀŘƤǊΦ !ƴŎŀƪ ǎƻƴ ȅƤƭƭŀǊŘŀ ƘƛŘǊƻƧŜƴŜ ŘŀȅŀƭƤ ǳƭŀǒƤƳ 

ŀƭǘȅŀǇƤǎƤƴƤƴ ƎŜƭƛǒƛƳƛ ƛƴŎŜƭŜƴŘƛƐƛnde Asya ve AvrupaΩƴƤƴ ǀƴŘŜ ƻƭŘǳƐǳ ƎǀǊǸƭƳŜƪǘŜŘƛǊΦ I2{ǘŀǘƛƻƴǎ ǾŜǊƛƭŜǊƛƴŜ ƎǀǊŜΣ 

нлмлΩŘŀ ǘǸƳ ŘǸƴȅŀŘŀ ǎŀȅƤǎƤ нмо ƻƭŀƴ ƘƛŘǊƻƧŜƴ ȅŀƪƤǘ ƛǎǘŀǎȅƻƴƭŀǊƤ ǀȊŜƭƭƛƪƭŜ нлмр ǎƻƴǊŀǎƤ ōǸȅǸƪ ōƛǊ ƎŜƭƛǒƳŜ 

ƪŀȅŘŜǘƳƛǒ ǾŜ нлмфΩŘŀ ōǳ ǘŜǎƛǎƭŜǊƛƴ ǎŀȅƤǎƤ попΩŜ ȅǸƪǎŜƭƳƛǒǘƛǊ ό Ŝƪƛƭ уύΦ 

 

 Ŝƪƛƭ уΦ YǸǊŜǎŜƭ mƭœŜƪǘŜ .ǀƭƎŜƭŜǊ .ŀȊƤƴŘŀ I2 ̧ ŀƪƤǘ TƪƳŀƭƛ !ƭǘȅŀǇƤǎƤƴƤƴ {ŀȅƤǎŀƭ hƭŀǊŀƪ DŜƭƛǒƛƳƛ όнлмл-2019) 

Kaynak: H2Stations, 2020 

нлмф ǎƻƴǳ ƛǘƛōŀǊƛȅƭŜ !ǾǊǳǇŀΩŘŀΣ утΩǎƛ !ƭƳŀƴȅŀΩŘŀ ƻƭƳŀƪ ǸȊŜǊŜ мтт ƘƛŘǊƻƧŜƴ ƛǎǘŀǎȅƻƴǳ ƳŜǾŎǳǘǘǳǊΦ Fransa, 

ƛǒƭŜǘƳŜŘŜƪƛ нс ǾŜ Ǉƭŀƴƭŀƴŀƴ оп ƘƛŘǊƻƧŜƴ ƛǎǘŀǎȅƻƴǳȅƭŀ !ǾǊǳǇŀΩŘŀ ƛƪƛƴŎƛ ǎƤǊŀŘŀ ȅŜǊ ŀƭƳŀƪǘŀŘƤǊΦ !ȅǊƤŎŀ ōǳ ǎŀȅƤƴƤƴ 

ŘŀƘŀ Řŀ ŀǊǘƳŀǎƤ ōŜƪƭŜƴƳŜƪǘŜŘƛǊΦ нм ȅŜƴƛ ƘƛŘǊƻƧŜƴ ȅŀƪƤǘ ƛǎǘŀǎȅƻƴǳƴǳƴ ǇƭŀƴƭŀƴŘƤƐƤ IƻƭƭŀƴŘŀΩŘŀ Řŀ ǀƴŜƳƭƛ ǀƭœǸŘŜ 

ŀǊǘƤǒ ǀƴƎǀǊǸƭƳŜƪǘŜŘƛǊΦ TǎǾƛœǊŜ ƛǎŜ ƘŀƭƛƘŀȊƤǊŘŀ ŦŀŀƭƛȅŜǘ ƎǀǎǘŜǊŜƴ 4 istasyona 6 istasyon daha eklemeyi 

ǇƭŀƴƭŀƳŀƪǘŀŘƤǊΦ !ǎȅŀΩŘŀ ƛǎŜ ǘƻǇƭŀƳŘŀ мту ƛǎǘŀǎȅƻƴ ōǳƭǳƴƳŀƪǘŀ ōǳƴƭŀǊƤƴ ммпΩǸ WŀǇƻƴȅŀΩŘŀΣ ооΩǸ DǸƴŜȅ YƻǊŜΩŘŜ 

ȅŜǊ ŀƭƳŀƪǘŀŘƤǊΦ 4ƛƴΩŘŜ ōŜƭƛǊƭŜƴŜƴ нт ƘƛŘǊƻƧŜƴ ƛǎǘŀǎȅƻƴǳΣ ƴŜǊŜŘŜȅǎŜ ǎŀŘŜŎŜ ƻǘƻōǸǎ ǾŜȅŀ ƪŀƳȅƻƴ ŦƛƭƻƭŀǊƤƴƤƴ ȅŀƪƤǘ 

iƪƳŀƭƛ ƛœƛƴ ƪǳƭƭŀƴƤƭƳŀƪǘŀŘƤǊΦ YƤǎŀ ǾŀŘŜŘŜ Ŝƴ ƛŘŘƛŀƭƤ ōǸȅǸƳŜƴƛƴ ƛǎŜ ƻǘƻƳƻōƛƭƭŜǊ ǾŜ ƻǘƻōǸǎƭŜǊ ƛœƛƴ Ǉƭŀƴƭŀƴŀƴ 

ȅŀƪƭŀǒƤƪ пл ƘƛŘǊƻƧŜƴ ƛǎǘŀǎȅƻƴǳƴǳƴ ǇƭŀƴƭŀƴŘƤƐƤ DǸƴŜȅ YƻǊŜΩŘŜ ƎŜǊœŜƪƭŜǒƳŜǎƛ ōŜƪƭŜƴƳŜƪǘŜŘƛǊΦ aŀƭŜȊȅŀ ǾŜ {ǳǳŘƛ 


