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ABSTRACT

Gas hydrates, solid ice-like structures formed by water and methane molecules, are emerging as
a critical future energy resource, offering abundant reserves of cleaner-burning methane. These
reserves have the potential to enhance energy security, diversify energy portfolios, and support
the transition from traditional hydrocarbons to more sustainable energy systems. Globally, nations
such as Japan, China, the United States, India, South Korea, and Canada are leading research and
development in gas hydrates, making substantial investments in advanced technologies and field
tests. These efforts aim to overcome the significant technical and economic challenges currently
limiting commercial-scale production. Tiirkiye’s proximity to significant gas hydrate deposits,
particularly in the Black Sea, presents a notable strategic opportunity. It is imperative that Tiirkiye
capitalizes on this unique positioning by transforming these inherent advantages into long-term
competitive strengths. The confirmed gas reserves in the Black Sea exemplifies such potential.

Keywords: Energy security, environmental sustainability, gas hydrates, new energy resources, Turkey

National Gas Hydrate Project.

Introduction

GAS HYDRATES, CRYSTALLINE COMPOUNDS
composed of water and methane, have captured
significant attention as an unconventional energy
resource with immense potential. Methane hydra-
tes, also known as ‘burning ice, occur at all ocean
margins (Figures 1 and 2). Minshull et al., 2021,
identified a series of regions where there is substan-
tial evidence for hydrate occurrence. The base of gas
hydrate accumulations follows the seabed topog-
raphy and is called “Bottom Simulated Reflectors
(BSR)” in seismic sections. The bottom-simulating

reflector (BSR) is a reflection event that is closely

associated with identifying hydrates in multichan-
nel seismic reflection sections (Ojha & Sain, 2009).
Identifying and analyzing hydrates is important
(Figure 3). Found primarily in marine sediments
and permafrost regions, these naturally occurring
compounds are estimated to contain more energy
than all known fossil fuel reserves combined. The
methane stored in gas hydrates represents a clea-
ner-burning alternative to traditional hydrocar-
bons like coal and oil, positioning this resource as a
promising contributor to universal energy security
and sustainability (Figure 2). Cifci (2020) emphasi-
zes the importance of gas hydrates as a future ener-

gy source for earth science and economics.
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The gas hydrate resource pyramid, conceptuali-
zed by Boswell & Collett (2011) categorizes these
deposits based on their geological and economic
recoverability (Figure 4). It highlights the subs-
tantial variation in resource accessibility, ranging
from easily extractable accumulations to those
requiring advanced technologies for recovery.
Such diversity underscores the need for innova-
tive extraction techniques and strategic planning
to unlock their full potential. Moreover, their wi-
despread distribution in continental margins and
Arctic regions presents opportunities for countries
seeking to diversify their energy portfolios and re-
duce dependency on imported fuels.

Innovative extraction technologies have been a

Sediment
containing
hydrate

Too much hydrate
destabilise th
huge underwa

focal point of global research efforts. Methods like
depressurization, thermal stimulation, and chemi-
cal injection are under active development, each
offering unique benefits and challenges (Figure
5). Among these, CO2 injection stands out due
to its dual benefit of methane recovery and carbon
sequestration, aligning with international clima-
te change mitigation goals. Emerging techniques
such as electromagnetic heating, microbiological
stimulation, and nanotechnology applications are
being explored to improve efficiency, reduce en-
vironmental impacts, and address the technical
barriers to commercial production. Cifci et al., (in
press) examines these production methods from

gas hydrates.

164 ft

Deposits of hydrates
e

At high pressures and low temperatures
methane is trapped inside a cage of ice
to form methane hydrate

Figure 1. This shows the importance and locations of gas hydrates in marine sediments and permafrost regions, which
are crystalline compounds composed of water and methane. At high pressure and low temperatures, methane is
trapped inside a cage of ice, which forms methane hydrate (Figure: Cifci et al., in press).
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Nations such as Japan, China, and the United
States are leading in research and development,
conducting field tests and pilot projects to refine
these methods and scale up production. For ins-
tance, Japan’s Methane Hydrate R&D program has
demonstrated the feasibility of extracting methane
from hydrates through depressurization, making
it a frontrunner in this domain. Similarly, China
has achieved significant milestones with its offs-
hore hydrate production trials, showcasing advan-
cements in extraction technologies and environ-
mental safety protocols. The country is conducting
intensive research on the discovery and producti-
on of gas hydrates and making significant invest-

ments in scientific and engineering endeavors in

this field. It holds numerous patents related to
production and processing technologies, encom-
passing processes such as extraction, storage, and
transportation of gas hydrates.

The potential of gas hydrates as an alternative
source to fossil fuels is of considerable importance
for energy security strategies, making advance-
ments in this area a strategic priority for the na-
tion. The country is working on improvements to
transition to commercial applications in gas hyd-
rate production and is undertaking various tech-
nology development projects in this process. This
leadership in the field of gas hydrates plays a sig-
nificant role in both national energy policies and

global energy dynamics.

Figure 2. Images of recovered gas hydrates from the seafloor and their appearance when burned in the western
Black Sea (Figure: TP-DEPARK Project Report, 2018).




G. Cifci, S. S. Celebi, M. Parlaktuna, A. Kacar, S. O. GUnaydin - Gas Hydrates as a New Energy Resource

-
seafloor
=
S
N
!
g-cn
o
—
w O
woris
()
o
@

0 1 2 3 4 5
distance (km)

6 7 8 9

Sediment —

10 Water

—

T nydrate

Sediment + Gas

Sediment + Water

Figure 3. Geophysics, seismic reflection section interpretation showing bottom-simulating reflector (BSR)
as an indicator to identify gas hydrates in marine sediments (Figure: Cifci et al., in press).

Globally, nations such as Japan, China, the United
States, India, South Korea, and Canada are leading
research and development in gas hydrates, making
substantial investments in advanced technologies
and field tests. These efforts aim to overcome the
significant technical and economic challenges cur-
rently limiting commercial-scale production. Integ-
rating gas hydrate extraction with carbon capture
and storage technologies further strengthens its
potential as an environmentally sustainable energy
source. With proper innovation and international
collaboration, gas hydrates could supply energy for
decades, serving as a transitional resource in the

global shift toward cleaner energy. Advancing these

technologies will be essential for unlocking the eco-
nomic and environmental benefits of gas hydrates,
making them a cornerstone of future energy strate-
gies. China is among the leading countries globally
in terms of patent ownership in gas hydrate produ-
ction technologies. This status is a result of its acti-
ve efforts in gas hydrate research and development.
China is also engaged in international collaborations
and joint research projects concerning gas hydrate
technologies, promoting knowledge sharing and te-
chnological innovations. “Gas Hydrates,” recognized
as the energy source of the near future, have been
identified and mapped in a pilot area as part of the
first phase of Turkiye’s National Gas Hydrate Project.
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E.g., 85 Tcf technically-recoverable

on Alaska North Slope
(Collet et al., 2008)

100,000 Tcf -
global E.g., 6717 Tcf gas in
resource-grade place, Northern Gulf
deposits of Mexico sands
(Boswell& (Frye, 2008)
Collet, 2011) /
- _?_ - = P 4

Boswell &

Collett, 2006

Arctic (permafrost-associated)
fsand reservoirs

Marine sand reservoirs

Non-sand marine reservoirs
(including fracture filling)

4— Massive seafloor/shallow
hydrate at seeps

4— Marine shales
(low permeability)

- Increasing in-place resources
- Decreasing reservoir quality
- Decreasing confidence in resource estimates

- Increasing production challenges
- Likely decreasing fractional recovery

Figure 4. Gas hydrate resource pyramid, which categorizes these deposits based on their geological and economic
recoverability (Figure: Boswell & Collett, 2011).

Through multidisciplinary collaboration involving
multiple institutions and universities, the presen-
ce of gas hydrates has been officially confirmed,
and reserve estimations have been conducted. The
discovery of gas hydrates, which are widely regar-
ded as a potential energy resource, in an extensi-
ve and significant area positions this reserve as a
“game-changer” with strategic importance, capable
of altering Tiirkiye’s energy future when considering
global energy resource dynamics. Tiirkiye’s proximity
to significant gas hydrate deposits, particularly in the
Black Sea, presents a notable strategic opportunity. It
is imperative that Tiirkiye capitalizes on this unique
positioning by transforming these inherent advanta-

ges into long-term competitive strengths. The confir-

med gas reserves in the Black Sea exemplifies such
potential. In addition to the fact that this discovery
was achieved by Turkish researchers, its scientific
contribution, which has the potential to resonate
both nationally, regionally, and globally, could lead to
immense opportunities. Within this framework, the
next steps include mapping the distribution of gas
hydrates in other areas, transitioning to the second
phase in the completed pilot site, producing gas using
existing production techniques in the pilot area, and,
in the final phase, collaborating with countries that
possess advanced production technologies.

This paper delves into the environmental, eco-
nomic, and geopolitical implications of gas hydra-
te development, examining the current state of re-
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Figure 5: Extraction methods in which natural gas can be extracted from gas hydrates. Depressurization, thermal
stimulation, chemical injection and CO2 exchange, each of these methods offering unique benefits and challenges
(Figure: Cifci et al., in press).

search, technological advancements, and potential
challenges. It explores how gas hydrates could serve
as a transitional energy resource, bridging the gap
between fossil fuels and cleaner alternatives. Furt-
hermore, the paper emphasizes the importance of
international collaboration in developing unified
standards and sustainable practices for responsible
exploitation of this promising resource.

Methane Production Methods from Gas
Hydrates

The extraction of natural gas from gas hydrates can
be accomplished through various methods, each of
which presents specific environmental and econo-
mic implications (Figure 5). This section explores
these methods and their potential effects in greater
detail:

Depressurization

This method involves reducing the pressure
within the gas hydrate reservoir, thereby inducing
the dissociation of hydrates into natural gas. The
environmental impacts associated with depressu-
rization may include alterations in the mechanical
structure of the reservoir, which can potentially
lead to subsidence or surface collapse. Additio-
nally, the dissociation process absorbs heat, cau-
sing local freezing of the surrounding water and
potentially impacting marine ecosystems. Econo-
mically, depressurization is generally less expen-
sive compared to other methods, as it does not
require complex technologies or the use of costly
chemicals (Boswell & Collett, 2011). It offers the
potential for efficient production, capturing a
substantial proportion of the reservoir (up to 60%).
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However, efficiency may decline over time due to
changes in the reservoir’s mechanical and ther-
modynamic characteristics. Furthermore, this
method’s relatively lower energy consumption

translates to reduced operational costs.
Thermal Injection

In thermal injections, the reservoir tem-
perature is increased through the injection of
hot water or steam or by heating the wellbore.
Environmental impacts include the potential
warming of adjacent water layers, which could
pose risks to aquatic organisms (Lee & Lee,
2014). Moreover, the high energy requirements
of thermal injections necessitate substantial fos-
sil fuel consumption, leading to increased gre-
enhouse gas emissions. This method demands
significant initial investment in equipment and
energy for steam or hot water generation and
injection. While it has the potential to achieve
nearly complete production of the reservoir,
yielding high returns, a considerable portion of
the produced gas’s energy is expended in hea-
ting the reservoir, which lowers the net energy

output.
Chemical Injection

In this method, chemicals such as glycol or
methanol are injected to alter the reservoir’s
conditions and induce gas release. The associa-
ted environmental impacts may involve poten-
tial chemical leakage, which could contaminate
groundwater sources and damage ecosystems
(Makogon et al., 2007). The disposal of used
chemicals further presents environmental
management challenges. From an economic

standpoint, chemical injection incurs substan-

tial costs due to the chemicals involved, whi-
ch significantly increase operational expenses.
This method typically requires extensive labo-
ratory and pilot-scale testing, leading to eleva-
ted research and development costs. Moreover,
compliance with environmental regulations
and waste management protocols can further
raise costs. However, combining CO2 injection
with methane production can potentially yield
long-term sustainability by offering environ-
mental credits or tax incentives for reducing

emissions.
CO: Injection

This method entails capturing CO2 and
displacing methane within the reservoir by inje-
cting it. The primary environmental advantage
is the potential reduction in atmospheric CO2
emissions, which contributes positively to miti-
gating climate change (Hovland & Judd, 2004).
Nonetheless, CO, injection can disrupt the re-
servoir’s pressure balance, potentially causing

geological instability issues.
Emerging Methods

Several innovative approaches are under in-
vestigation, including gas injection, microbio-
logical techniques, ultrasonic stimulation, and
electrical heating. Each of these methods has
unique environmental implications. For ins-
tance, microbiological methods might disrupt
microbial balances within ecosystems (Liu et
al,, 2012 ; Chong et al., 2016). Microbial met-
hanogenesis, which promotes methane release
through the biological activities of microorga-
nisms, offers an environmentally sustainable al-

ternative, particularly in low-temperature and
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low-pressure conditions. Conversely, methods
involving electrical heating require significant
energy input, which may carry environmental
impacts contingent on the energy sources emp-
loyed.

Various microbiological investigations of
gas hydrates suggest the potential of biological
applications for producing hydrates through
destabilization. Among these are processes in-
volving microbial conversion of CO,, biologi-
cal in-situ methane production, and organisms
that produce antifreeze proteins (AFPs), which
inhibit the crystallization of hydrates and elimi-
nate more rapid recrystallization or “memory
effect” These concepts require more research
to explore techniques to uncover “green inhibi-
tors” for hydrates. This represents a challenge to
researchers involved in projects related to mo-
netizing the significant gas hydrate accumulati-
ons worldwide: microbiological processes may
be the key to their economical recovery (Jones
et al., 2010).

Economic Considerations

Understanding and mitigating the environ-
mental impacts of these methods are crucial
for sustainable energy production and environ-
mental management. As such, detailed envi-
ronmental impact assessments and monitoring
protocols must be conducted during the imple-
mentation of each method. The economic viabi-
lity of natural gas production from gas hydrates
depends on the method employed, technologi-
cal accessibility, energy market conditions, and
prevailing environmental regulations (Jones et
al., 2010). New methods generally require subs-
tantial research and development expenditures,

with returns contingent upon the commercial

success of the technologies. The implementati-
on of novel technologies can entail operational
risks, such as unforeseen technical challenges
or suboptimal performance. Given the high
initial costs and technical uncertainties, com-
prehensive cost analyses and pilot projects are
essential to maximize economic profitability

and minimize associated risks.

Geopolitical and Technological
Considerations

The potential to exploit gas hydrates prima-
rily benefits countries with abundant natural
resources and advanced technological capabili-
ties. Currently, several nations are leading rese-
arch and development initiatives in the domain
of gas hydrate extraction, positioning themsel-
ves to capitalize on these resources (Cherskiy &
Tsarev, 1977).

Innovative Approaches for Future Projects

Ongoing research seeks to enhance the efficiency
of existing methods, reduce environmental impa-
cts, and lower economic costs. Several innovative
techniques proposed for future gas hydrate pro-

jects include:
Microbiological Processes

Gas hydrates are closely linked to specific mic-
ro- and macrofauna, presenting opportunities to
leverage these organisms or their metabolic pro-
cesses to stimulate hydrate destabilization for na-
tural gas production. Three primary methods for
producing natural gas from hydrates are identi-
fied: pressure destabilization, methanol-induced

destabilization, and thermal destabilization.
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Experimental findings suggest that these metho-
ds can be operated under conditions sufficient to
cover operational costs, with microbial processes
potentially facilitating hydrate dissociation and
methane production through the use of metha-
nol.

Microbial processes hold promise for enhan-
cing the conversion of hydrates to natural gas.
For instance, Methylococcus capsulatus Bath and
Methylosinus trichosporium, both of which pos-
sess methanotrophic capabilities, can be cultivated
at elevated temperatures and demonstrate cop-
per-tolerant monooxygenase activity, positioning
them as viable candidates for biotechnological
applications in methane conversion. Additionally,
microbial communities in methane hydrate-bea-
ring sediments are dominated by groups such as
JS1, Planctomycetes, and Chloroflexi, indicating
significant potential for their application in hyd-
rate destabilization. Furthermore, organisms like
Acidimethylosilex fumarolicum SolV can grow
on methane under extreme conditions, sugges-
ting that CO2-converting microbial communities
could enable controlled destabilization of metha-
ne hydrates. Ongoing research, including studies
from the Pacific Northwest National Laboratory,
underscores the role of microbial methods in
hydrate dissociation, highlighting the potential
of antifreeze proteins from organisms like Chry-
seobacterium sp. C14 to inhibit hydrate crystal-
lization. As commercial production methods for
gas hydrates evolve, microbiological processes are
strong candidates for integration into future pro-
jects aimed at sustainable gas production (Inagaki
etal., 2006 ; Heijmans et al., 2007 ; Yan et al., 2006
; White, 2008).

Electromagnetic Heating: As an alternative
to traditional thermal stimulation, electromag-
netic waves can effectively distribute heat even in
deep and less accessible reservoirs. This method
is characterized by its high energy efficiency and
low environmental impact.

Nanotechnology Applications: The use of
nano-sized materials and chemicals can enhan-
ce the solubility of hydrates or catalyze chemical
reactions to accelerate gas release. Additionally,
nanoparticles may improve reservoir porosity
and permeability, facilitating gas flow.

Enhanced CO2 Injection: By utilizing CO2
at higher pressures, this method can facilitate
more efficient methane displacement while si-
multaneously contributing to atmospheric CO2
reduction.

Ultrasonic or Acoustic Waves: These met-
hods aim to increase gas hydrate solubility and
aid in methane release by disrupting the hydrate
structure.

Hybrid Methods: Combining existing tech-
niques can generate synergistic effects throu-
ghout the extraction process. For example, in-
tegrating thermal stimulation with chemical or
CO2 injections can optimize solubility and acce-
lerate extraction.

These innovative techniques should undergo
further validation through laboratory tests and
pilot projects. Future applications must consi-
der the environmental compatibility, economic
sustainability, and technical feasibility of these
approaches. By advancing these methods, the
potential for sustainable and environmentally
friendly energy production from gas hydrates

can be realized.
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Energy Production from Gas Hydrates

Countries such as Japan, China, the USA, Ca-
nada, India, and South Korea have significantly
advanced their capacities to exploit gas hydrates
through technological innovation, strategic in-
vestments, and alignment with national energy
policies (Boswell et al., 2012). Detection of gas
hydrates through geophysical methods (seismic
reflection) has been demonstrated through dril-
ling and coring programs (McConnell, 2019).
Figure 6 shows BSR, which is the base of gas
hydrate. These nations are allocating substantial

resources to research and development (R&D)

activities, aiming to maximize the potential
benefits of gas hydrates soon. Gas hydrates are
expected to play a critical role in diversifying
energy portfolios and transitioning to cleaner
energy systems, which is increasingly pertinent
given global concerns about energy sustainabi-
lity and environmental impacts (Boswell & Col-
lett, 2006).

Another academic paper by Zhang et al. (2012)
examines the dual nature of marine gas hydrates
as both a promising energy resource and a po-
tential environmental threat. The authors highli-
ght three key resource characteristics that make

gas hydrates appealing as a future energy source:

" s00m | U1364A Well

Figure 6. An example from the Cascadia region showing drilling depth that reaches to BSR, the base of gas hydrates
(Figure: McConnell, 2019).
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Enormous quantity: Credible estimates suggest
10713 to 2010715 m* of methane gas in global
deposits, potentially meeting human energy ne-
eds for nearly 1,000 years.

The carbon content (10x10A12t) is twi-
ce that of all fossil fuel minerals combined.
Cleanliness: Contains high-purity methane
with fewer harmful gases compared to coal,
oil, and natural gas. High energy density: 1m?
of gas hydrates equals 164m® of methane un-
der normal conditions - 10 times the energy
density of other non-conventional sources
and 2-5 times that of conventional natural
gas. The authors identify three major envi-
ronmental risks associated with gas hydrate
destabilization: Global Warming: Methane is
a potent greenhouse gas with 3.7 times the
global warming potential of CO, by mole and
20 times by weight. The paper connects histo-
rical rapid warming events (particularly the
“Latest Paleocene Thermal Maximum” about
55.6 million years ago) to massive methane
releases from hydrates. Seabed Geological
Disasters: Gas hydrates lack consolidation
cap and are prone to phase transformati-
on. When temperature-pressure conditions
change, hydrates can dissociate, releasing
methane and potentially triggering submari-
ne landslides.

Ecological Disasters: The paper links mas-
sive methane releases to historical extinction
events, noting evidence that suggests hydrate
decomposition caused the extinction of 1/2
to 2/3 of benthic animals around the Paleo-
cene-Eocene boundary (55 Ma). The discus-

sion section emphasizes that while gas hyd-

rates represent an important potential energy
resource, any development must prioritize
safety and environmental protection. This
balanced assessment illustrates the complex
nature of gas hydrates as both a promising
energy solution and a potential environmen-
tal threat, highlighting the need for careful,
environmentally conscious approaches to
their development (Zhen-guo et al., 2012).
Gas hydrates offer the potential to enhance
energy security, particularly in regions where
conventional hydrocarbon reserves are dep-
leting or access is constrained. This resource
could be a viable option for countries seeking
to reduce reliance on energy imports and es-
tablish a more diversified and resilient energy

portfolio.

Environmental Implications and Technological

Considerations

The environmental implications of gas hydra-
te extraction present both opportunities and
challenges. On one hand, gas hydrates could
contribute to reducing carbon emissions if
combined with innovative techniques such
as carbon capture and storage/utilization
(CCSU). On the other hand, the extraction
process carries risks such as potential met-
hane leaks and other ecological disturbances,
which must be managed effectively. As a re-
sult, rigorous environmental assessments are
essential to ensure sustainable and responsib-
le development.

Despite its potential, the commercial-scale

production of gas hydrates remains hinde-
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red by technical challenges. Ongoing R&D
efforts aim to address these barriers through
the development of advanced extraction te-
chnologies. Energy policies should therefore
support technological innovation while en-
suring economic growth and environmental

sustainability.

Role of International Collaborations

The complexity and global significance of
gas hydrates necessitate international collabo-
rations to establish unified standards, policies,
and practices (International Energy Agency,
2018). These collaborations facilitate joint R&D
initiatives, enabling countries to pool expertise
and resources. Furthermore, harmonizing in-
ternational standards is critical to managing
environmental and safety risks during gas hyd-
rate extraction. Collaborative frameworks also
provide opportunities for coordinated policy
development, training programs, and invest-
ment strategies, all of which are essential for
the responsible and efficient utilization of gas

hydrate resources.

Notable Projects and Future Directions

Japonya, Cin ve Hindistandaki kayda deger
projeler, gaz hidrat cikarma teknolojilerinin
gelistirilmesine onciilitk etmektedir (Matsu-
moto vd., 2013). Bu girisimler, gaz hidratlarla
iliskili teknik ve cevresel zorluklara dair de-
gerli bilgiler saglamakta ve potansiyel ticari
uygulamalara yonelik 6nemli adimlar tegkil et-

mektedir. Bu projelerden elde edilen bulgular,

teknik engellerin asilmasina, ¢evresel etkilerin
en aza indirilmesine ve ekonomik verimliligin
optimize edilmesine yardimci olarak diger iil-
keler i¢in bir 6l¢iit teskil edebilir. Gaz hidratla-
rin 6nemli enerji icerigi ve genis dagilimi goz
oniine alindiginda, gelecekteki enerji tedarik
stratejileri icin kilit bir kaynak olarak konum-

lanmaktadirlar.

Economic Potential and Market Implications

The economic viability of gas hydrates is a
key area of ongoing research. Studies general-
ly focus on assessing the cost-effectiveness of
various extraction techniques, such as thermal
stimulation, chemical injection, depressuri-
zation, and CO2 injection (Matsumoto et al.,
2013). Additionally, these studies examine the
competitiveness of gas hydrates in global energy
markets, evaluating their potential to diversify
energy portfolios and enhance energy security.
Environmental regulations also play a signifi-
cant role in determining the economic sustai-
nability of gas hydrate projects, given the costs
associated with compliance and risk mitigation
(Jones et al., 2010).

Geopolitical analyses highlight the implicati-
ons of gas hydrate reserves for national energy
strategies. Countries with substantial reserves
may leverage this resource to achieve greater
energy independence, thereby influencing glo-
bal energy dynamics. Scenario-based studies
further explore the long-term economic poten-
tial of gas hydrates under various technological
and market conditions, offering insights into

their role in future energy systems.
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Key Policy Considerations

Geveral key considerations emerge from rese-
arch on gas hydrates and their integration into
energy policies:

Diversification of Energy Resources: In-
corporating gas hydrates into energy portfolios
enhances energy security and reduces depen-
dence on traditional hydrocarbons. This is par-
ticularly relevant for regions facing depleting
reserves or restricted access to conventional
resources.

Energy Security: With their high metha-
ne content, gas hydrates are seen as a strategic
energy resource that could reduce import de-
pendency and promote self-sufficiency in ener-
gy policies.

Environmental Sustainability: Environ-
mentally responsible extraction techniques,
such as CO2 injection, could mitigate green-
house gas emissions, thereby influencing envi-
ronmental regulations and sustainability poli-
cies.

Economic Development: The development
of gas hydrate resources could stimulate job cre-
ation and economic growth, especially in coas-
tal regions and countries with ocean access, dri-
ving further investment in this emerging sector.

International Collaborations and Policies:
The global importance of gas hydrates necessi-
tates international standards and protocols for
their research, production, and management.
Strengthening international regulations and
cooperation can foster innovation and improve
environmental outcomes (International Energy
Agency, 2018).

Results

The extraction of methane from gas hydra-
tes through various methods has yielded sig-
nificant insights into both environmental and
economic implications.

“Depressurization” emerged as a cost-effe-
ctive technique, capable of producing up to
60% of the reservoir’s gas (Boswell & Collett,
2011). However, it poses risks such as subsi-
dence and local freezing, which can adversely
affect marine ecosystems. The method’s lower
energy consumption contributes to reduced
operational costs, although efficiency may di-
minish over time due to reservoir changes.

“Thermal Injection”, while potentially ac-
hieving nearly complete gas production, fa-
ces challenges related to high energy require-
ments and substantial fossil fuel use, leading
to increased greenhouse gas emissions. The
initial investment for this method is signi-
ficant, and much of the energy produced is
consumed in heating the reservoir, reducing
net energy output.

“Chemical Injection” involves the use of
chemicals like glycol or methanol, raising
concerns about potential leakage and groun-
dwater contamination (Makogon et al., 2007).
The high costs associated with chemicals and
compliance with environmental regulations
make this method economically burdenso-
me, despite the possible long-term benefits of
combining CO, injection with methane pro-
duction for sustainability.

“CO2 Injection” presents an environmental

advantage by potentially reducing atmosphe-
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ric carbon dioxide emissions (Hovland &
Judd, 2004). However, it can disrupt the pres-
sure balance within the reservoir, leading to
geological stability issues.

Emerging methods such as “microbiologi-
cal techniques,” “ultrasonic stimulation,” and
“electromagnetic heating” are under inves-
tigation. These innovative approaches aim
to enhance extraction efficiency while mini-
mizing environmental impacts. For instan-
ce, microbiological methods could provide a
sustainable alternative by promoting methane
release under favorable conditions (Liu et al.,
2012).

Countries like Japan, China, and the United
States are leading advancements in gas hydrate
extraction technologies. Their ongoing resear-
ch focuses on addressing technical challenges
and optimizing economic viability. Notably, Ja-
pan and China are poised to achieve commer-
cial production soon.

Gas hydrates provide an opportunity to di-
versify energy portfolios and reduce reliance on
imported fuels. Environmentally, integrating
extraction with carbon capture technologies
could mitigate methane emissions and promote
sustainability.

Gas hydrates have the potential to act as an
intermediary energy source, facilitating the
transition from high-carbon fuels like coal and
oil to more sustainable energy systems. Innova-
tive methods, such as electromagnetic heating
and enhanced CO2 injection, are essential for
realizing their full potential.

The integration of gas hydrate extraction

with carbon capture and storage/utilization

(CCSU) technologies further strengthens its
potential as an environmentally sustainab-
le energy source. With proper innovation
and international collaboration, gas hydrates
could supply energy for decades, serving as a
transitional resource in the global shift toward
cleaner energy. Advancing these technologies
will be essential for unlocking the economic
and environmental benefits of gas hydrates,
making them a cornerstone of future energy
strategies.

As a result, gas hydrates represent a viab-
le energy source with the capability to meet
future energy demands sustainably. Their
successful utilization will depend on conti-
nued technological innovation, international
collaboration, and robust environmental sa-
feguards.

Our country’s primary goals include redu-
cing Turkey’s external dependency on ener-
gy by using domestic and national resources.
Considering the research conducted by major
countries that have a say in the world economy
on gas hydrates and the latest production tests
for natural gas production from gas hydrates, it
becomes clear that our country needs to rapid-
ly increase its activities for gas hydrate research
with domestic and national resources. In this
context, the roadmap to be followed was men-
tioned in Kii¢iik’s (2018) study.

The tables below summarize the compari-
son of natural gas production methods from
gas hydrates, advantages and disadvantages of
gas hydrate production methods, and techno-
logical maturity and application status of gas

hydrate production methods.
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Table 1. Comparison of Natural Gas Production Methods from Gas Hydrates

Production Basic Prin- | Technical Gas Energy | Economic fe- | Envi- Techno- | Impor-
Method ciple Applicabi- | Produc- | Effici- | asibility ronmen- | logical tant
lity tion Effi- | ency tal Im- Matu- Suec-
ciency pact rity cessful
Appli-
cations
Depressuri- | Triggering High - App- | %35-55 Yiksek | 8-15 Medium | High Japan
sation of dissocia- | licable with [ recovery | (EROL: | USD/MMBtu | - Seabed | (TRL: 7- | Nankai
tion by existing rate (Mo- | 5:1- (Andersonet | stability | 8)Field | Trough
lowering re- | offshore ridis et 8:1) al., 2014) riskand | tests (2013,
servoir pres- | technologies | al., 2011; | (Walsh water comple- | 2017),
sure below (Yamamoto | Fenget etal, produc- | ted (Fu- | China
the hydrate etal,2014) | al, 2015) | 2009) tion jiietal, | South
stability problems | 2018) China
zone (Konno (Rutqvist Sea
etal, 2010; etal, (2020)
Lietal, 2009) (Yama-
2018) moto et
al.,
2014,
Su et
al.,
2021)
Thermal Decomposi- | Medium- %40-70 Low 15-25 Medium- | Medium | Labo-
Injection tion by appl- | Heat loss potential | (EROI: | USD/MMBtu | High- (TRL: 5- | ratory
ying heatto | problemsin | recovery | 1.5:1- | (Andersonet | Thermal | 6)Lab and pi-
the hydrate- | deep waters | (Lietal, | 3:1) al., 2014) pollution | and li- lot-
containing (Islam, 2015) {(Yang and hig- | mited scale
formation 2015) etal, her CH, | pilot tests in
(Lietal, 2012) leakage | tests (Li | the So-
2016; Song risk etal, uth
ctal, 2016) (Ruppel | 2016) China
ve Kess- Sea,
ler, China
2017) (Liet
al,
2016,
Song et
al.,
2016)
Chemical Modification | Medium - %30-50 Orta 12-20 High - Me- India
Injection of hydrate Chemical estimated | (EROIL: | USD/MMBtu | Chemi- | dium- NGHP
stability distribution | yield (Ka- | 3:1- (Chong etal., |calpol- | (TRL:4- | labora-
curve using | issues and math and | 5:1) 2016) lution 5) We- | tory
chemicals logistical Patil, (Liuet potential | ighted studies,
(Sloan and challenges 2013) al, {Chong | labtests | limited
Koh, 2008) | (Sahuetal, 2012) etal, Xuet field
2018) 2016) al., tests
2016) (Sahu
etal,
2018)
CO,/CH, Displace- Low - Chal- | %60-80 Vari- 18-30 Low - Low Alaska
[8(07 ment of met- | lenges of theoreti- | able USD/MMBtu, | Carbon | (TRL: 3- | North
Exchange hane by CO, | CO, trans- cal poten- | (EROL: | without car- capture | 4) Slope
injection port/injec- tial 2:1- bon credits andsto- | Alaska | Tgnik
(Park etal, | tioninthe (Boswell | 4:1) (Anderson et | rage po- | fieldtest | Sikumi
2008; Koh et | deep sea etal., (McG- | al., 2014) tential {permaf- | (2012)
al., 2012) (Hspinoza 2017) rail et {Boswell | rost) (Konno
and Santa- al., etal, (Boswell | etal,
marina, 2007) 2017) etal, 2014)
2011) 2017)
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Table 1. Comparison of Natural Gas Production Methods from Gas Hydrates (continued)

Production Basic Prin- | Technical Gas Energy | Economic fe- | Envi- Techno- | Impor-
Method ciple Applicabi- | Produc- | Effici- | asibility ronmen- | logical tant
lity tion Effi- | ency tal Im- Matu- Suc-
ciency pact rity cessful
Appli-
cations
Mechanical Physicalre- | Very Low - | %70-90 Very 25-40 Very Very Only
Methods moval of Very diffi- Theoreti- | Low USD/MMBtu | High - Low con-
hydrate con- | cultto apply | cal, not (ERQI: | (estimated) Major (TRL: 2- | cept
tainingma- | ndeepsea | practical | 1:1- (Andersonet | physical | 3) Atthe | studies
terial (Yamamoto | (Chonget | 2:1) al, 2014) impact concept | and
(Chong et etal,2014) | al,2016) | (An- on the stage shal-
al,, 2016) derson seabed (Yama- | low sea
vd., (Chong | moto sugges-
2014) vd., vd., tions
2016) | 2014) | (Chong
vd.,
2016)
Depressuriza- | Partial ther- | Medium- %40-60 - | Me- 10-15 Medium | Medium | Japan
tion + Ther- | mal support | High - More | Increase dium USD/MMBtu | - Less (TRL: 6- | MH21
mal Stimula- | with pres- accessible byredu- | (EROI: | (Japon METI, | effect 7)Tes- | hybrid
tion Hybrid sure reduc- | based on cing the 4:1- 2017) than ted n tests,
Method tion (Konno | pressurere- | cooling 71 (L1 simple Japan China
etal, 2010; | duction (i | effect vd,, thermal | (Fujii Guang-
Lietal, vd., 2018) (Feng vd., | 2018) method | vd,, zhou
2018) 2015) 2018) tests
(Feng (Livd,
vd, 2018)
2015)
Depressuriza- | Low con- High-Less | %35-50- | High 9-14 Medium | Medium | China
tion + Chemi- | centration chemical Improved | (EROI: | USD/MMBtu | - Redu- | (TRL: 6- | South
cal Inhibitor | inhibitor and | require- stability 5:1- (China ced che- | 7) China
Hybrid Met- | pressure re- | ments {Sun et 8:1) GMGS, 2020) | mical Cin’de Sea
hod ducing com- | (Sunetal, al,, 2015) | (Feng use test T riiSMGS
bination 2015) etal, (Xu et edildi pro-
(Feng etal., 2015) al, (Liet jects
2015; Sun et 2016) al, (Suet
al, 2015) 2018) al.,
2021)
(Table: Cifci et al., 2024)
Conclusion ves may exceed 100 trillion cubic meters (Baza-

The extraction of gas hydrates and their integ-
ration into the economy are feasible using exis-
ting methods and technologies. Future research
aimed at refining and advancing these extraction
techniques will contribute to patented innovati-
ons.

Field studies previously conducted in the Bla-

ck Sea indicate that regional gas hydrate reser-

uk et al., 2021). Of the Black Sea’s total surface
area (approximately 470,000 square kilometers),
around 200,000 square kilometers fall within
Tiirkiye’s Exclusive Economic Zone (EEZ). Alt-
hough the exact volume of reserves within this
jurisdiction has yet to be precisely determined,
there is strong reason to believe they would be
sufficient to meet the country’s energy needs for

many years.
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Table 2. Advantages and Disadvantages of Gas Hydrate Production Methods

Production .
Method Advantages Disadvantages References
Dallimore et
. . ’ al. (2012)
ml;ihmcally the simplest app- Komno et
O N— * Reservoir cooling al.(2010)
Depressuri- Sy requ o * Slow production in low permeability reservoirs Moridis et al.
i + Better economic feasibility ]
zation 5 o * Sand production problems (2011)
¢ Proven Field application . ;i
] * High water production Yamamoto et
¢ Long-term sustainable pro-
duction potential aluol)
Reagan et al.
(2010)
Lietal (2015)
* Potential for rapid hydrate Nt el
B ; ; (2011
dissociation * Excessive heat losses in the deep sea ——
Thermal * Effective in low permeability | ¢ Very high energy requirement (201g6) '
Injection formations * Low energy efficiency Forio sl
+ High production speed under | ¢ Thermal energy transport difficulties @0 %5) )
suitable conditions * Slow heat transfer and limited penetration
T . Islam (2015)
* Eliminate the cooling effect
Chen et al.
(2017)
Dong et al.
. . (2009)
stisst decomposition in some Feafivath il
Chemical s bl vl ol . . D}fflculty using large volumes of chemicals Pgtll (2013)
L + High chemical costs Lietal. (2014)
Inhibitor ratures TR
A ; * Penetration limitations Sun et al.
Injection * Lower energy requirements i
+ Environmental concerns (2015)
than thermal methods : -
. ] + Chemical recovery issues Sahuetal.
+ Can be combined with other
(2018)
methods .
Livetal
(2012)
CO,/CH, + Carbon capture/storage integ- | * Low exchange kinetics and slow reactione ]%erink- Kohetal
Exchange ration denizde CO, tagima/enjeksiyon zorluklar trkis 1(2012)
* The most environmentally * High pressure requirements Chong et al.
positive approach * Reservoir heterogeneity problems (2016)
* Maintaining seabed stability | » High cost and complex logistics Jung et al.
+ Simultaneous methane pro- (2010)
duction and CO, storage
+ Exothermic process advan- Boswell et al.
tage (2017)
McGrail et al.
(2007)
Leeetal.
(2013)
+ Direct and controlled access | » Extremely difficult to implement in deep water
o . ; e Chong et al.
. ¢ Usability in areas where ot- ¢ Very high technical difficulties
Mechancial . e (2016)
her methods cannot be applied | « Seabed stability hazards
Methods . . Yamamoto et
* Potential for shallow sea-bed | ¢ Extremely high cost al (2014)
hydrates * Serious environmental impacts )
» Compensate for decompres- Konno et al.
Depressuri- siongocling . + Additional heating equipment required (201 0y
3 + Increase production speed . Lietal
zation + e * Deep sea heating challenges
and stability . . (2018)
Thermal . + High equipment cost
Hybrid ~Less enerpyzequited than * Energy efficiency still a problem Feng chall
Y full thermal method & ¥ P (2015) Fujii et
* Prevent hydrate regeneration al. (2018)
Feng et al.
. (2015)
* Less chemical use . e
Depressu- . ’ *» Chemical distribution issues Sun et al.
L * Reduce cooling by lowering 1 .
riza-tion + . + Partial increase in cost (2015)
p decomposition temperature . .
Chemical : * Reservoir heterogeneity challenge Xuetal.
Hybri * Prevent hydrate reformation p s -
ybrid . : + Environmental impact still present (2016)
* Reducing sand production :
Lietal
(2018)

(Table: Cifci et al., 2024)




J

G. Cifci, S. S. Celebi, M. Parlaktuna, A. Kacar, S. O. Glnaydin - Gas Hyc

T

Jrates as a New Energy Re

Source

a

Table 3. Technological Maturity and Application Status of Gas Hydrate Production Methods

Correla-
. ti f La-
Technologic blt())ll'la(zo .
Production | Ripeness . . Research Situa- Y
Field Application : Results References
Method Level tion Assessment | . .
with Field
(TRL) Gt
Applicati-
ons
E%ago(g ?;3 ) :ai ey, The most mature High correla- | Yamamoto etal.
. | TRL7-8 i g. technology, especi- | tion - labora- | (2014)
Depressuri- . Japan (2017): 36 day, . .
: Tested at field ally in sand-rich tory models Fujii etal. (2018)
zation 235.000 m? gas o
scale . : Class 1 and Class 2 | predict field Suetal (2021)
e hydrate reservoirs behavior well | Lietal (2018)
861.400 m> gas )
Therma In- | TRL 5-6 Mainly laboratory and re- Limited application | Moderate cor- | Lietal. (2016)
hibitor Laboratory and | servoir simulations m deep seas due to | relation - heat | Song et al. (2016)
limited pilot Partial heating applications | energy efficiency is- | losses exceed | Lietal (2015)
tests in Japan and China sues laboratory es- | Chenetal (2017)
More valuable in timates under
hybrid use field conditi-
ons
TRL 4.5 . Focus on hybrid use Low-Medium Sahu et al (201 8)
; India NGHP laboratory stu- | rather than pure : Kamath and Patil
Chemical Laboratory and di form d . correlation -
Inhibitor small-scale pilot 165 : orm due o envi- Reservoir he- (2013)
Fasfs Small-scale field tests ronmental concerns Ferouerl Ku et al. (2016)
and costs genetty Sun et al. (2015)
and field con-
ditions signi-
ficantly affect
laboratory re-
sults.
The most environ-
mentally friendly Low correla- Bssielletl
TRL 34 Alaska Ignik Sikumi Test method in the long | tion - field @017) ’
CO,/CH, Proven concept, | (2012) run. However, due | tests show
e . . Jo . Konno et al. (2014)
Exchange limited field In permafrost environment, | to technical difficul- | slower kine- Koh etal (2012)
testing not in deep sea ties, commercial tics than labo- '
S Park et al. (2008)
application is far ratory results
from possible.
. Impractical appro-
) Only theoret_lcal and con- ach in decp scas Very low cor- Chong et al. (2016)
Mechanical | TRL 2-3 ceptual studies L S relation - no
. Limited application X Yamamoto et al.
Methods In concept stage | Recommendations for shal- : real field app-
I potential for shal- S (2014)
ow sea lications yet
low hydrates
Depressuri- | TRL 6-7 Tapan MH21 hybrid tests Improved version of | High correla- | Lietal (2018)
zation + Tested onpilot | (2019) traditional decomp- | tion - practi- | Feng etal (2015)
Thermal scale China Guangzhou tests ression cal applicati- | Fujizetal. (2018)
Hybrid (2018-2020) Practical approach | ons give re- METI (2017)
to eliminate cooling | sults close to
effect laboratory
predictions
Hybrid method High correla-
Depressu- China GMGS projects most hkely tobe , | ton- ﬁfﬂd. Suetal (2021)
i e TRL 6-7 commercially avai- | tests at opti-
rization + . (2020-2023) . iy Feng et al. 2015)
: Tested on pilot j . lable in the near fu- | mization
Chemcial Daily gas production of Sun et al. (2015)
Hybrid scale 28,700 m* ture stage before | 70 o018)
? Advantages with commercial i
less chemical use scale

(Table: Cifci et al., 2024)
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From the extracted gas hydrates, blue hydrogen
or synthesis gas can be produced through proces-
ses such as steam methane reforming (SMR) and
pyrolysis. These methods not only yield hydrogen
but also generate synthesis gas and pure carbon as
valuable by-products, which can be employed in
the production of a wide range of advanced ma-
terials.

This approach not only prevents the release of
greenhouse gases into the atmosphere but also
supports sustainable development. Thus, the eco-
nomic utilization of gas hydrates presents a pro-
mising avenue for mitigating climate change while
harnessing these resources for industrial applica-
tions.

Japan, China, and the United States are at the fo-
refront of global gas hydrate research and develop-
ment, with significant advancements in field tests
and extraction methods. India, South Korea, and
Canada are also making substantial progress in
exploring gas hydrate reservoirs and refining ext-
raction technologies. While commercial produc-
tion is yet to be realized, these nations are laying
the groundwork for future development by add-
ressing technical and environmental challenges. In
the coming years, Japan and China are likely to be
among the first to achieve commercial production.

Gas hydrates can serve as a transitional energy
resource, bridging the gap between fossil fuels and
cleaner energy systems. With their vast methane
reserves, gas hydrates have the potential to supp-
ly energy for decades, offering an opportunity to
reduce the environmental impact of energy pro-
duction.

In sum, the comprehensive study of gas hyd-
rates is essential for shaping energy policies and
creating the frameworks necessary to sustainably

harness this resource. The collaborative efforts of

nations, driven by shared interests in energy se-
curity and environmental stewardship, will play a
crucial role in realizing the potential of gas hydra-

tes as a future energy source. £
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Su ve metan molekillerinin olusturdugu kati buz benzeri yapilar olan gaz hidratlar, daha temiz yanan
metan i¢in bol miktarda rezerv sunarak gelecekte kritik bir enerji kaynag: olarak ortaya ¢ikmaktadir. Bu
rezervler enerji giivenligini artirma, enerji portfoylerini gesitlendirme ve geleneksel hidrokarbonlardan daha
stirdiiriilebilir enerji sistemlerine gegisi destekleme potansiyeline sahiptir. Nanoteknoloji, mikrobiyolojik
yontemler ve hibrit yaklagimlar gibi yeni teknolojiler, verimliligi artirmak ve gevresel etkileri azaltmak icin
gelistirilmektedir. Kiiresel olarak Japonya, Cin, ABD, Hindistan, Giiney Kore ve Kanada gibi tilkeler gaz
hidratlar konusunda arastirma ve gelistirmeye onciiliik etmekte, ileri teknolojilere ve saha testlerine 6nemli
yatirimlar yapmaktadir. Yakin gelecegin enerji kaynag olarak kabul edilen “Gaz Hidratlar”, Tiirkiyenin Ulusal
Gaz Hidrat Projesinin ilk agamasi kapsaminda pilot bir bolgede tespit edilmis ve haritalanmistir. Karadeniz
basta olmak tizere Tiirkiye'yi gevreleyen denizlerde mevcut gaz hidrati kaynaklar: Tiirkiye icin stratejik bir
avantaj olusturuyor.

Anahtar Kelimeler: Cevresel stirdiiriilebilirlik, enerji giivenligi, gaz hidratlar, Tiirkiye Ulusal Gaz Hidrat
Projesi, yeni enerji kaynaklari.

Gas Hydrates as a New Energy Resource

ABSTRACT

Gas hydrates, solid ice-like structures formed by water and methane molecules, are emerging as a critical
future energy resource, offering abundant reserves of cleaner-burning methane. These reserves have the
potential to enhance energy security, diversify energy portfolios, and support the transition from traditional
hydrocarbons to more sustainable energy systems. Globally, nations such as Japan, China, the United States,
India, South Korea, and Canada are leading research and development in gas hydrates, making substantial
investments in advanced technologies and field tests. These efforts aim to overcome the significant technical
and economic challenges currently limiting commercial-scale production. Tiirkiyes proximity to significant
gas hydrate deposits, particularly in the Black Sea, presents a notable strategic opportunity. It is imperative
that Tiirkiye capitalizes on this unique positioning by transforming these inherent advantages into long-term
competitive strengths. The confirmed gas reserves in the Black Sea exemplifies such potential.

Keywords: Energy security, environmental sustainability, gas hydrates, new energy resources, Turkey
National Gas Hydrate Project.
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Giris

SU VE METANDAN OLUSAN KRISTAL
bilesikler olan gaz hidratlar, muazzam potansi-
yele sahip geleneksel olmayan bir enerji kaynag:
olarak biiyiik ilgi gekmistir. ‘Yanan buz’ olarak da
bilinen metan hidratlar tiim okyanus kenarlarin-
da meydana gelmektedir (Sekil 1 ve 2). Minshull
vd., 2021 yilinda yaptiklar1 ¢alismada hidrat olu-
sumuna dair 6nemli kanitlarin bulundugu bir¢ok
bolgeyi tanimlamislardir. Gaz hidrat birikimleri-
nin tabani deniz tabani topografyasini takip eder
ve sismik kesitlerde “Tabana Benzeyen Yansitict
(BSR)” olarak adlandirilir. BSRlar ¢ok kanalli

sismik yansima kesitlerinde hidratlarin tanimla-

nabilmesi i¢in takip edilen bir yansimadir (Ojha
& Sain, 2009). Hidratlarin tanimlanmasi ve analiz
edilmesi 6nem tagimaktadir (Sekil 3). Oncelikle
deniz ¢okeltilerinde ve donmus bolgelerde bulu-
nan bu dogal olarak olusan bilesiklerin, bilinen
tiim fosil yakit rezervlerinin toplamindan daha
fazla enerji icerdigi tahmin edilmektedir. Gaz hid-
ratlarda depolanan metan, kémiir ve petrol gibi
geleneksel hidrokarbonlara gore daha temiz yanan
bir alternatifi temsil etmekte ve bu kaynag kiiresel
enerji giivenligi ve siirdiiriilebilirligine umut ve-
rici bir katki olarak konumlandirmaktadir (Sekil
2). Cifci (2020) ¢alismasinda gaz hidratlarinin yer

bilimi ve iilke ekonomisi i¢in gelecekteki bir enerji

kaynag olarak 6nemini vurgulamaktadur.

0,8 m*
su +
-
L

1 m’
gaz hidrat

Hidrat depozitleri
m Denizaltinda

® Donmus bolgelerde

Sekil 1. Su ve metandan olusan kristal bilesikler olan gaz hidratlarin, Gnemi ve deniz ¢okellerinde ve don ayazi
(permafrost) bélgelerindeki yerleri gosterilmektedir. Yuksek basing ve disuk sicakliklarda metan, metan hidrati
olusturmak Uzere bir buz kafesinin icinde hapsolur (Sekil: Cifci vd., baskida).
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Boswell ve Collett (2011)tarafindan kavramsal-
lastirilan gaz hidrat kaynak piramidi, bu yataklar1
jeolojik ve ekonomik geri kazanilabilirliklerine
gore kategorize etmektedir (Sekil 4). Kolayca ¢1-
karilabilen birikimlerden geri kazanim igin ileri
teknolojiler gerektirenlere kadar kaynak erisile-
bilirligindeki 6nemli ¢esitliligi vurgulamaktadir.
Bu cesitlilik, kaynaklarin tam potansiyelini orta-
ya ¢tkarmak icin yenilik¢i ¢ikarma tekniklerine
ve stratejik planlamaya duyulan ihtiyacin altini
¢izmektedir. Ayrica, kita kenarlar1 ve Arktik bol-
gelerdeki yaygin dagilimlari, enerji portfoylerini
gesitlendirmek ve ithal yakitlara bagimlilig: azalt-
mak isteyen iilkeler i¢in firsatlar sunmaktadir.

Yenilik¢i ¢ikarma teknolojileri kiiresel aras-

tirma ¢abalarinin odak noktasi olmugtur. Basing
diistirme, 1s1tma ve kimyasal piiskiirtme gibi yon-
temler aktif olarak gelistirilmekte olup her biri
benzersiz faydalar ve zorluklar sunmaktadir (Sekil
5). Bunlar arasinda CO2 piiskiirtme metan geri
kazanimi ve karbon tutma gibi uluslararas: iklim
degisikligi azaltma hedefleriyle uyumlu ikili fay-
dast nedeniyle 6ne ¢ikmaktadir. Elektromanyetik
1sitma, mikrobiyolojik stimiilasyon ve nanotek-
noloji uygulamalari gibi yeni teknikler verimliligi
artirmak, cevresel etkileri azaltmak ve ticari iire-
timin oniindeki teknik engelleri asmak icin aras-
tirllmaktadir. Cifci vd. (baskida) ¢alismalarinda
gaz hidratlarindan bu {iretim ydntemlerini irde-

lemektedir.

Sekil 2. Bati Karadeniz'de deniz tabanindan elde edilen gaz hidratlar ve yakildiklarindaki gérunttsu.
(Sekil: TP-DEPARK Proje Raporu, 2018).
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Tortul + Gaz

Tortul + Su

Sekil 3. Denizel tortullarda gaz hidratlarin tanimlanabilmesi icin belirte olan Tabana Benzeyen Yansiticly! (BSR)
gosteren jeofizik sismik yansima kesiti yorumu (Sekil: Gifci vd., baskida).

Japonya, Cin ve Amerika Birlesik Devletleri gibi iil-
keler, bu yontemleri iyilestirmek ve tiretimi artirmak
icin saha testleri ve pilot projeler yiirtiterek aragtirma ve
geligtirmeye dnciiliik etmektedir. Ornegin, Japonyanin
Metan Hidrat Ar-Ge programy, basing diisiirme yoluyla
hidratlardan metan ¢ikarmanin fizibilitesini gostererek
bu alanda 6ncii olmustur. Benzer sekilde Cin de agik
deniz hidrat tiretim denemelerinde 6nemli agamalar
kaydederek ¢ikarma teknolojileri ve cevresel giivenlik
protokollerindeki ilerlemeleri sergilemistir. Ulke, gaz
hidratlarin kesfi ve iiretimi konusunda yogun aragtir-
malar yiirtitmekte ve bu alandaki bilimsel ve miihen-
dislik calismalarina 6nemli yatirimlar yapmaktadir. Gaz
hidratlarin ¢ikarilmasi, depolanmasi ve taginmast gibi

siirecleri kapsayan iiretim ve isleme teknolojileriyle ilgili

ok sayida patente sahiptir.

Fosil yakutlara alternatif bir kaynak olarak gaz hid-
ratlarin potansiyeli, enerji giivenligi stratejileri agisin-
dan biiyiik 6nem tagtyor ve bu alandaki gelismeleri iilke
icin stratejik bir oncelik haline getiriyor. Ulke, gaz hidrat
tiretiminde ticari uygulamalara gegis icin iyilestirmeler
tizerinde calismakta ve bu siirecte cesitli teknoloji gelis-
tirme projeleri yiiritmektedir. Gaz hidratlar alanindaki
bu liderlik, hem ulusal enerji politikalarinda hem de
kiiresel enerji dinamiklerinde 6nemli bir rol oynamak-
tadir.

Kiiresel olarak Japonya, Cin, ABD, Hindistan, Giiney
Kore ve Kanada gibi tilkeler gaz hidratlar konusunda
aragtirma ve gelistirmeye onciiliik etmekte, ileri tekno-

lojilere ve saha testlerine 6nemli yatirimlar yapmaktadir.
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Or., 85 Tcf -Kuzey Alaska
yamacindan teknik olarak

elde edilebilecek miktar
Collet et al., 2008

Boswell &

Collett, 2006

100,000 Tcf l_
tahmini kiiresel A

kaynak-gokel Or. 6717 Tcf yerinde gaz
d : miktari, Kuzey Meksika
Sl Korfezi (Frye, 2008)

(Boswell& L ' AN
/

. \ 4

kum rezervuarlari

f Arktik (permafrost ile ilgkili)

Denizel kum rezervuari

Kum olmayan denizel rezervuar
(kink dolgusu dahil)

Sizinti alanlarinda kiitlesel
deniz tabani/sig hidrat

4— Denizel eyl
(diisiik permeabilite)

-Yerinde kaynaklarin arttiriimasi

-Rezervuar kalitesinin azalmasi

-Kaynak tahminlerine giivenin azalmasi

-Artan iiretim zorluklari

-Muhtemelen fraksiyonel iyilesmenin azalmasi

Sekil 4. Bu yataklari jeolojik ve ekonomik geri kazanila bilirliklerine gére siniflandiran Gaz hidrat kaynak piramidi.
(Sekil: Boswell & Collett, 2011).

Bu ¢abalar, su anda ticari 6lgekte tiretimi smnirlayan
6nemli teknik ve ekonomik zorluklarin iistesinden
gelmeyi amaglamaktadir. Gaz hidrat ¢ikariminin
karbon yakalama ve depolama teknolojileriyle en-
tegre edilmesi, ¢evresel agidan siirdiiriilebilir bir
enerji kaynag1 olma potansiyelini daha da giig-
lendirmektedir. Uygun inovasyon ve uluslararasi
isbirligi ile gaz hidratlar on yillar boyunca enerji
saglayabilir ve daha temiz enerjiye dogru kiiresel
geciste bir gecis kaynagi olarak hizmet edebilir.
Bu teknolojilerin gelistirilmesi, gaz hidratlarin
ekonomik ve ¢evresel faydalarini ortaya ¢ikar-
mak ve onlar1 gelecekteki enerji stratejilerinin te-
mel tas1 haline getirmek icin ¢ok 6nemli olacak-
tir. Cin, gaz hidrat iiretim teknolojilerinde patent

sahipligi acisindan diinyanin dnde gelen {ilkeleri
arasinda yer almaktadir. Bu durum, gaz hidrat
aragtirma ve gelistirme alanindaki aktif cabalari-
nin bir sonucudur. Cin ayrica gaz hidrat tekno-
lojileriyle ilgili uluslararas: isbirlikleri ve ortak
arastirma projeleri yiiriitmekte, bilgi paylagimini
ve teknolojik yenilikleri tesvik etmektedir. Yakin
gelecegin enerji kaynag olarak kabul edilen “Gaz
Hidratlar”, Turkiyenin Ulusal Gaz Hidrat Proje-
sinin ilk asamas1 kapsaminda pilot bir bolgede
tespit edilmis ve haritalanmistir. Cok sayida ku-
rum ve {niversitenin dahil oldugu ¢oklu bilim
dallarinin is birligi sayesinde gaz hidratlarin var-
1181 resmi olarak teyit edildi ve rezerv tahminleri
yapildi. Potansiyel bir enerji kaynag olarak kabul




G. Gifci, S. S. Celebi, M. Parlaktuna, A. Kacar, S. O. GUnaydin - Yeni Bir Enerji Kaynagi Olarak Gaz Hidratlar

Isi Piiskiirtme Basing Diigiirme
s Buhar ya da
Gaz Ufﬁt"ﬂ-\ sicak su Gaz
Uretimi \
== [ denziabanil | I
TVVVUVYY _deniz lﬁ ni
= Twwynveey BAMIAINIRY
Gegirimsiz Kaya ,
Hidrat kapani
Hidrat | goziinmig
7 Coziinmiis Hidrat zonu

=~ hidrat
/
-

~——

* Gegirimisiz Kaya

Kimyasal Piiskiirtme

Inhibitor Enjeksiyonu!

Metanol
Gaz Tuzlu su C02H20... ...CH4
Uretimi
e deniz labani
AR A RRRRY TTILLYLLL LY
Gegirimsiz Kaya
‘ N Goziinmiis
Hidrat hidrat
” B N
(
\ - ) /
Gegirimsiz kaya

Sekil 5. Gaz hidratlardan dogal gaz elde etmek icin uygulanabilecek tretim yontemleri.
Isi pusklrtme, Basing distrme, kimyasal puskurtme ve CO2 degisimi, her biri benzersiz faydalar ve
zorluklar sunar. (Sekil: Gifci vd., baskida).

edilen gaz hidratlarin genis ve 6nemli bir alanda
kesfedilmesi, bu rezervi kiiresel enerji kaynaklari
dinamikleri g6z oniine alindiginda Tiirkiye'nin
enerji gelecegini degistirebilecek stratejik 6neme
sahip bir “oyun degistirici” olarak konumlandir-
maktadir. Karadeniz basta olmak iizere Tiirkiye'yi
cevreleyen denizlerde mevcut gaz hidrati kay-
naklan Tiirkiye igin stratejik bir avantaj olustu-
ruyor. Bu arada, Tirkiye'nin, biricik avantajlarini
rekabetci tstiinliiklere doniistiirmek gibi bir 6n-
celigi olmasi gerektigine de isaret etmek yerinde
olur. Karadenizde mevcut gaz rezervleri boyle
bir avantaja isaret ediyor. Bu kesfin Tiirk aragtir-
macilar tarafindan gerceklestirilmis olmasinin
yanu sira, ulusal, bolgesel ve kiiresel 6l¢ekte yanki
uyandirma potansiyeline sahip bilimsel katkisi
da biiytik firsatlara yol acabilir. Bu ¢ercevede, gaz
hidratlarin diger alanlardaki dagiliminin harita-

lanmasi, tamamlanan pilot sahada ikinci asamaya
gecilmesi, pilot alanda mevcut tiretim teknikleri
kullanilarak gaz tiretilmesi ve son asamada ileri
iiretim teknolojilerine sahip iilkelerle isbirligine
gidilmesi bundan sonraki adimlar1 olusturmak-
tadur.

Bu makale, gaz hidrat gelisiminin cevresel,
ekonomik ve jeopolitik etkilerini ele alarak aras-
tirmalarin mevcut durumunu, teknolojik ilerle-
meleri ve potansiyel zorluklar1 incelemektedir.
Gaz hidratlarin fosil yakitlar ve daha temiz alter-
natifler arasindaki boslugu doldurarak nasil bir
gecis enerji kaynag olarak hizmet edebilecegini
arastirmaktadir. Ayrica, bu umut verici kayna-
g sorumlu bir sekilde kullanilmast igin birlesik
standartlarin ve siirdiiriilebilir uygulamalarin ge-
ligtirilmesinde uluslararas: isbirliginin 6nemini

vurgulamaktadir.
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Gaz Hidratlardan Metan Uretim Yontemleri

Dogal gazin gaz hidratlardan ¢ikarilmasi, her biri
belirli gevresel ve ekonomik sonuglar doguran ge-
sitli yontemlerle gerceklestirilebilir (Sekil 5). Bu
béliimde bu yontemler ve potansiyel etkileri daha

ayrintili olarak incelenmektedir:
Basingsizlagtirma

Bu yontem, gaz hidrat rezervuari i¢indeki ba-
sincin digiirtilmesini ve boylece hidratlarin do-
gal gaza ayrigsmasinin saglanmasini igerir. Basing-
sizlagtirma ile iligkili gevresel etkiler, rezervuarin
mekanik yapisinda potansiyel olarak ¢okme veya
yiizey ¢Okmesine yol agabilecek degisiklikleri
icerebilir. Ayrica, ayrigma siireci 1s1y1 emerek ¢ev-
redeki suyun yerel olarak donmasina neden olur
ve potansiyel olarak deniz ekosistemlerini etkiler.
Ekonomik agidan basingsizlagtirma, karmagik
teknolojiler veya pahali kimyasallarin kullani-
min: gerektirmedigi icin diger yontemlere kiyas-
la genellikle daha ucuzdur (Boswell & Collett,
2011). Rezervuarin onemli bir boliimiinii (%60
kadar) yakalayarak verimli iiretim potansiyeli
sunar. Ancak, rezervuarin mekanik ve termodi-
namik Ozelliklerindeki degisiklikler nedeniyle
verimlilik zaman i¢inde diigebilir. Ayrica, bu yon-
temin nispeten daha diisiik enerji titketimi, daha

diisiik isletme maliyetleri anlamina gelir.
Is1 Piiskiirtme

Is1 piiskiirtmede rezervuar sicakligi, sicak su
veya buhar enjeksiyonu ya da kuyu deliginin
1sitilmast yoluyla artirilir. Cevresel etkiler, suda
yasayan organizmalar icin risk olusturabilecek
bitisik su katmanlarinin potansiyel 1sinmasi-
n1 icerir (Lee & Lee 2014). Bunun da &tesinde

151 piiskiirtmenin bu 1s1y1 {ireten enerji kaynag;,
katmana bu 1s1y1 tastyan akigkanin sevk pompa-
j1 ve sistemlere bagl olarak enerji maliyeti, CO2
salimi ve diger sera gazi salim sorumluluklar da
irdelenmelidir. Ayrica, 1s1 pliskiirtmeleri yiiksek
enerji gereksinimleri 6nemli miktarda fosil ya-
kit tiiketimini gerektirmekte ve bu da sera gazi
emisyonlarinin artmasina neden olmaktadir. Bu
yontem, buhar veya sicak su iiretimi ve piiskiirt-
mesi i¢in ekipman ve enerjiye dnemli miktarda
ilk yatirim gerektirir. Rezervuarin neredeyse ta-
mamen iiretilmesini saglayarak yiiksek getiri elde
etme potansiyeline sahip olsa da, iiretilen gazin
enerjisinin onemli bir kismi1 rezervuar: 1sitmak

i¢in harcanir ve bu da net enerji ¢iktisin diistiriir.
Kimyasal Piiskiirtme

Bu yontemde, rezervuarin kosullarini degistir-
mek ve gaz salinimini tetiklemek i¢in glikol veya
metanol gibi kimyasallar enjekte edilir. Ilgili ¢cev-
resel etkiler, yeralti suyu kaynaklarini kirletebile-
cek ve ekosistemlere zarar verebilecek potansiyel
kimyasal sizintiy1 icerebilir [4]. Kullanilmis kim-
yasallarin bertarafi da ¢evresel yonetim zorlukla-
rin1 beraberinde getirmektedir. Ekonomik a¢idan
bakildiginda, kimyasal piiskiirtme, icerdigi kim-
yasallar nedeniyle 6nemli maliyetlere neden olur
ve bu da isletme giderlerini 6nemli 6l¢iide artirr.
Bu yo6ntem tipik olarak kapsamli laboratuvar ve
pilot dlcekli testler gerektirmekte, bu da aragtir-
ma ve gelistirme maliyetlerinin yiikselmesine yol
agmaktadir. Ayrica, cevresel diizenlemelere ve
atik yonetimi protokollerine uyum maliyetleri
daha da artirabilir. Bununla birlikte, CO2 piis-
kiirtmesini metan tiretimiyle birlestirmek, emis-
yonlar1 azaltmak igin gevresel krediler veya vergi
tesvikleri sunarak potansiyel olarak uzun vadeli

stirdiriilebilirlik saglayabilir.
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CO:: Piiskiirtme

Bu yontem, CO2’nin yakalanmasini ve enjekte
edilerek rezervuar igindeki metanin yer degistir-
mesini gerektirir. Birincil ¢evresel avantaj, atmos-
ferik CO2 emisyonlarindaki potansiyel azalma-
dir ve bu da iklim degisikliginin hafifletilmesine
olumlu katkida bulunur (Hovland & Judd, 2004).
Bununla birlikte, CO2 piiskiirtmesi rezervuarin
basing dengesini bozabilir ve potansiyel olarak

jeolojik denge sorunlarina neden olabilir.
Gelisen Yontemler

Gaz puskiirtmesi, mikrobiyolojik teknikler,
ultrasonik stimiilasyon ve elektrikli 1sitma dahil
olmak tizere gesitli yenilik¢i yaklagimlar aragti-
rilmaktadir. Bu yontemlerin her birinin kendine
ozgii cevresel etkileri vardir. Ornegin, mikrobi-
yolojik yontemler ekosistemlerdeki mikrobiyal
dengeleri bozabilir (Liu vd., 2012 ; Chong vd.,
2016). Mikroorganizmalarin biyolojik faaliyetleri
yoluyla metan salinimini tegvik eden mikrobiyal
metanojenez, Ozellikle diisiik sicaklik ve diistik
basing kosullarinda ¢evresel olarak siirdiiriilebilir
bir alternatif sunmaktadir. Buna karsilik, elekt-
rikli 1sitma iceren yontemler, kullanilan enerji
kaynaklarina bagl olarak gevresel etkiler tasiya-
bilecek 6nemli miktarda enerji girdisi gerektirir.

Gaz hidratlar tizerine yapilan ¢esitli mikrobi-
yolojik aragtirmalar, istikrarsizlagtirma yoluyla
hidrat iiretimi i¢in biyolojik uygulamalarin po-
tansiyeline isaret etmektedir. Bunlar arasinda
CO2’nin mikrobiyal doniistimiind, biyolojik ye-
rinde metan {iretimini ve hidratlarin kristalles-
mesini engelleyen ve daha hizli yeniden kristal-
lesmeyi veya “hafiza etkisini” ortadan kaldiran
antifriz proteinleri (AFP’ler) iireten organizma-

lar1 igeren siirecler yer almaktadir. Bu kavramlar,

hidratlar i¢in “yesil inhibitorleri” ortaya ¢ikara-
cak teknikleri kesfetmek {izere daha fazla aras-
tirma yapilmasini gerektirmektedir. Bu durum,
diinya ¢apindaki 6nemli gaz hidrat birikimlerin-
den para kazanilmasiyla ilgili projelerde yer alan
aragtirmacilar icin bir zorluk teskil etmektedir:
mikrobiyolojik siiregler, bunlarin ekonomik ola-
rak geri kazanilmasinin anahtari olabilir (Jones,
C. M. vd., 2010).

Ekonomik Degerlendirmeler

Bu yontemlerin ¢evresel etkilerinin anlagilma-
s1 ve azaltilmasi, stirdiiriilebilir enerji tiretimi ve
gevre yonetimi i¢in ¢ok 6nemlidir. Bu nedenle,
her bir yontemin uygulanmasi sirasinda ayrintili
cevresel etki degerlendirmeleri ve izleme proto-
kolleri yiiriitilmelidir. Gaz hidratlardan dogal
gaz tretiminin ekonomik uygulanabilirligi, kul-
lanilan yonteme, teknolojik erisilebilirlige, enerji
piyasasi kosullarina ve gecerli ¢evresel diizenle-
melere baglidir (Jones vd., 2010). Yeni yontemler
genellikle 6nemli arastirma ve gelistirme harca-
malar1 gerektirmekte ve geri doniisleri teknoloji-
lerin ticari bagarisina bagl olmaktadir. Yeni tek-
nolojilerin uygulanmasi, dngoriilemeyen teknik
zorluklar veya optimum olmayan performans
gibi operasyonel riskleri beraberinde getirebilir.
Yiiksek baslangic maliyetleri ve teknik belirsiz-
likler gz oniine alindiginda, ekonomik karlilig
en iist dizeye ¢ikarmak ve ilgili riskleri en aza
indirmek i¢in kapsamli maliyet analizleri ve pilot

projeler gereklidir.
Jeopolitik ve Teknolojik Hususlar
Gaz hidratlardan faydalanma potansiyeli, 6n-

celikle bol dogal kaynaklara ve gelismis teknolojik
kabiliyetlere sahip iilkelere fayda saglamaktadir.
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Su anda birkag tilke, gaz hidrat ¢ikarma alaninda
arastirma ve gelistirme girisimlerine 6nciiliik et-
mekte ve kendilerini bu kaynaklardan yararlan-
mak tizere konumlandirmaktadir (Cherskiy &
Tsarev, 1977).

Gelecek Projeler i¢in Yenilik¢i Yaklasimlar

Devam eden aragtirmalar mevcut yontemlerin verimli-
ligini artirmayy, cevresel etkileri azaltmay1 ve ekonomik
maliyetleri diisiirmeyi amaglamaktadir. Gelecekteki
gaz hidrat projeleri i¢in 6nerilen birkag yenilikgi teknik

sunlardr:
Mikrobiyolojik Siirecler

Gaz hidratlar belirli mikro ve makrofauna ile
yakindan baglantilidir ve dogal gaz {iretimi icin
hidrat destabilizasyonunu tesvik etmek tizere bu
organizmalardan veya metabolik siire¢lerinden
yararlanma firsatlar1 sunar. Hidratlardan dogal
gaz lUretmek icin ii¢ temel yontem tanimlanmig-
tir: Basing destabilizasyonu, metanol kaynakl
destabilizasyon ve termal destabilizasyon. De-
neysel bulgular, bu yontemlerin isletme maliyet-
lerini kargilamaya yetecek kosullar altinda isle-
tilebilecegini ve mikrobiyal siireglerin metanol
kullanimi yoluyla hidrat ayrismasini ve metan
tiretimini potansiyel olarak kolaylastirabilecegini
gostermektedir.

Mikrobiyal stiregler, hidratlarin dogal gaza
dontisimini arttirmak icin umut vaat etmekte-
dir. Ornegin, her ikisi de metanotrofik 6zellikle-
re sahip olan Methylococcus capsulatus Bath ve
Methylosinus trichosporium, yiiksek sicakliklar-
da yetistirilebilir ve bakira toleransli monooksi-
jenaz aktivitesi gostererek metan doniisiimiinde
biyoteknolojik uygulamalar icin uygun adaylar

olarak konumlandirilabilir. Ayrica, metan hid-

rat iceren ¢okeltilerdeki mikrobiyal topluluklara
JS1, Planctomycetes ve Chloroflexi gibi gruplar
hakimdir ve bu da hidrat destabilizasyonunda
uygulanmalari i¢in 6nemli bir potansiyele isaret
etmektedir. Ayrica, Acidimethylosilex fumaroli-
cum SolV gibi organizmalar agir1 kosullar altinda
metan tizerinde bityiiyebilir, bu da CO2 doniistii-
riicii mikrobiyal topluluklarin metan hidratlarin
kontrollii istikrarsizlagtirilmasini saglayabilece-
gini diisiindiirmektedir. Pasifik Kuzeybat1 Ulusal
Laboratuvarrnin ¢aligmalar1 da dahil olmak tize-
re devam eden aragtirmalar, hidrat ayrigmasinda
mikrobiyal yontemlerin roliiniin altini ¢iziyor
Chryseobacterium sp. C14 gibi organizmalardan
elde edilen antifriz proteinlerinin hidrat kristali-
zasyonunu engelleme potansiyelini vurguluyor.
Gaz hidratlar i¢in ticari iiretim yontemleri gelis-
tikce, mikrobiyolojik siiregler siirdiiriilebilir gaz
tretimini amaglayan gelecekteki projelere enteg-
rasyon icin giiclii adaylardir (Inagaki vd., 2006 ;
Heijmans vd., 2007 ; Yan vd., 2006 ; White, 2008).

Elektromanyetik Isitma: Geleneksel 1s1l uya-
rilmaya (termal stimulasyon) alternatif olarak
elektromanyetik dalgalar, derin ve daha az eri-
silebilir rezervuarlarda bile 1s1y1 etkili bir gekilde
dagitabilir. Bu yontem, yiiksek enerji verimliligi
ve disiik cevresel etkisi ile karakterize edilir.

Nanoteknoloji Uygulamalar:: Nano boyutlu
malzemelerin ve kimyasallarin kullanimi hid-
ratlarin ¢oziintirligiini artirabilir veya gaz sali-
nimini hizlandirmak i¢in kimyasal reaksiyonlar:
katalize edebilir. Ayrica, nano parcaciklar rezer-
vuar gozenekliligini ve gecirgenligini artirarak
gaz akigini kolaylastirabilir.

Gelistirilmis CO2 Piiskiirtme: Bu yontem,
CO2yi daha yiiksek basinglarda kullanarak daha
verimli metan yer degistirmesini kolaylastirabilir
ve ayn1 zamanda atmosferik CO2 azaltimina kat-
kida bulunabilir.
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Ultrasonik veya Akustik Dalgalar: Bu yon-
temler gaz hidrat ¢6ziiniirliglinii artirmayr ve
hidrat yapisini bozarak metan salinimina yardim-
c1 olmay1 amaglamaktadir.

Hibrit Yontemler: Mevcut tekniklerin birles-
tirilmesi, iiretim siireci boyunca birliktehareket
edereketkiler yaratabilir. Ornegin, 1s1l uyarilmanin
(termal stimulasyon) kimyasal veya CO2 piiskiirt-
meleri ile biitiinlesik ¢o6zliniirligi en iyi hale geti-
rilebilir ve tiretimi hizlandirabilir.

Bu yenilikgi teknikler, laboratuvar testleri ve
pilot projeler yoluyla daha fazla dogrulamaya
tabi tutulmalidir. Gelecekteki uygulamalarda bu
yaklasimlarin ¢evresel uyumlulugu, ekonomik
stirdiiriilebilirligi ve teknik fizibilitesi géz 6niinde
bulundurulmalidir. Bu yontemlerin gelistirilme-
siyle, gaz hidratlardan siirdiiriilebilir ve gevre dos-
tu enerji iiretimi potansiyeli gerceklestirilebilir.

Gaz Hidratlardan Enerji Uretimi

Japonya, Cin, ABD, Kanada, Hindistan ve Giiney
Kore gibi iilkeler teknolojik yenilikler, stratejik ya-
tirimlar ve ulusal enerji politikalarina uyum yo-
luyla gaz hidratlardan yararlanma kapasitelerini
6nemli ol¢iide gelistirmistir (Boswell vd., 2012)
Gaz hidratlarin jeofizik yontemlerle (¢ok kanalli
sismik yansima) tespiti, sondaj ve karot program-
lar1 araciligryla kanitlanmigtir (McConnell, 2019).
Sekil 6 gaz hidratin temeli olan BSRYyi goster-
mektedir. Bu {ilkeler, gaz hidratlarin potansiyel
faydalarini kisa siirede en iist diizeye ¢ikarmay1
amaglayarak aragtirma ve gelistirme (Ar-Ge) fa-
aliyetlerine 6nemli kaynaklar ayirmaktadir. Gaz
hidratlarin enerji portfoylerinin ¢esitlendirilme-
sinde ve daha temiz enerji sistemlerine geciste

kritik bir rol oynamas: beklenmektedir ki bu da
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Sekil 6. Cascadia bolgesinde Gaz hidratlarin tabani, tabana benzeyen yansitici (BSR)’e ulasan sondaj derinligini
gosteren bir kesit 6rnegi (Sekil: McConnell, 2019).
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enerjinin stirdiiriilebilirligi ve cevresel etkileriyle
ilgili kiiresel kaygilar goz oniine alindiginda gi-
derek daha 6nemli hale gelmektedir (Boswell &
Collett, 2006).

Zhang ve arkadaglarinin 2012 yilinda yayim-
ladiklar1 bir- bagka akademik makale, deniz gaz
hidratlarinin hem umut vadeden bir enerji kayna-
g1 hem de potansiyel bir ¢evresel tehdit olarak ikili
dogasini incelemektedir. Yazarlar, gaz hidratlarini
gelecekteki bir enerji kaynagi olarak cazip kilan
¢ temel kaynak oOzelligini vurgulamaktadirlar:
Muazzam miktari: Guivenilir tahminler, kiiresel
yataklarda 10713 ila 20x10A15 m® metan gazi
bulundugunu ve bunun potansiyel olarak insan-
ligin enerji ihtiyacini yaklasik 1.000 yil boyunca
karsilayabilecegini gostermektedir. Karbon igeri-
i (10x10/12 ton), tiim fosil yakit minerallerinin
toplaminin iki katidir. Temizligi: Komiir, petrol
ve dogal gaza kiyasla daha az zararh gaz igeren
yiiksek saflikta metan bulundurmaktadir. Yiik-
sek enerji yogunlugu: Normal kosullar altinda
Im® gaz hidrat, 164m> metana esdegerdir- bu,
diger konvansiyonel olmayan kaynaklarin 10
kat1 ve konvansiyonel dogal gazin 2-5 kat1 enerji
yogunluguna sahiptir. Yazarlar, gaz hidrat desta-
bilizasyonu ile iliskili ii¢ bityiik ¢evresel riski ta-
nimlamaktadirlar: Kiiresel Isinma: Metan, mol
basimna CO2den 3,7 kat ve agirlik olarak 20 kat
daha yiiksek kiiresel 1sinma potansiyeline sahip
gliclii bir sera gazidir. Makale, tarihsel hizli isisnma
olaylarini (6zellikle yaklasik 55,6 milyon yil 6nce
gerceklesen “Geg Paleosen Termal Maksimum™u)
hidratlardan salinan biiyiik miktardaki metan ga-
zina baglamaktadir.

Deniz Tabam Jeolojik Afetleri: Gaz hidratlar
konsolidasyon ortiisiinden yoksundur ve faz do-
nistimiine egilimlidir. Sicaklik-basing kosullar1
degistiginde, hidratlar ayrisabilir, metan salabilir
ve potansiyel olarak denizalt1 heyelanlarini tetik-

leyebilir. Ekolojik Afetler: Makale, buytuk capl
metan salinimlarini tarihsel yokolus olaylariyla
iliskilendirmekte ve hidrat ayrigmasinin Paleo-
sen-Eosen sinir1 civarinda (55 milyon yil 6nce)
bentik hayvanlarin 1/2 ila 2/3’tiniin neslinin ti-
kenmesine neden oldugunu 6ne siiren kanitlar
belirtmektedir. Tartisma béliimii, gaz hidratlarin
6nemli bir potansiyel enerji kaynagi oldugunu,
ancak herhangi bir gelismenin oncelikle giivenligi
ve cevresel korumay1 gozetmesi gerektigini vurgu-
lamaktadir. Bu dengeli degerlendirme, gaz hidrat-
larin hem umut vadeden bir enerji ¢6ziimii hem
de potansiyel bir cevresel tehdit olarak karmagik
dogasini ortaya koymakta ve gelistirilmelerinde
dikkatli, cevreye duyarli yaklasimlara duyulan ih-
tiyact vurgulamaktadir (Zhen-guo vd., 2012).
Gaz hidratlar, 6zellikle geleneksel hidrokarbon
rezervlerinin titkenmekte oldugu veya erisimin
kisith oldugu bolgelerde enerji giivenligini artir-
ma potansiyeli sunmaktadir. Bu kaynak, enerji
ithalatina bagimlilig1 azaltmak ve daha ¢esitlendi-
rilmis ve direngli bir enerji portfoyii olusturmak

isteyen tilkeler i¢in uygun bir secenek olabilir.
Cevresel Etkiler ve Teknolojik Hususlar

Gaz hidrat ¢ikariminin gevresel etkileri hem fir-
satlar hem de zorluklar sunmaktadir. Bir yan-
dan gaz hidratlar, karbon yakalama ve depola-
ma/kullanma (CCSU- Carbon Capture Storge
and Use) gibi yenilike¢i tekniklerle birlestirilirse
karbon emisyonlarinin azaltilmasina katkida
bulunabilir. Ote yandan, ¢ikarma siireci potan-
siyel metan s1zintilar1 ve diger ekolojik rahatsiz-
liklar gibi riskler tasimaktadir ve bunlarin etkin
bir sekilde yonetilmesi gerekmektedir. Sonug
olarak, siirdiiriilebilir ve sorumlu kalkinmay:
saglamak icin titiz ¢evresel degerlendirmeler

sarttir.
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Potansiyeline ragmen, gaz hidratlarin ticari
Olgekte tiretimi teknik zorluklar nedeniyle en-
gellenmektedir. Devam eden Ar-Ge ¢aligmala-
r1, ileri ¢ikarma teknolojilerinin gelistirilmesi
yoluyla bu engelleri agmay1 amaglamaktadir.
Bu nedenle enerji politikalari, ekonomik bii-
ylime ve c¢evresel siirdiiriilebilirligi saglarken

teknolojik yenilikleri de desteklemelidir.
Uluslararasi Isbirliklerinin Rolii

Gaz hidratlarin karmagiklig ve kiiresel 6ne-
mi, birlesik standartlar, politikalar ve uygula-
malar olusturmak i¢in uluslararas: isbirlikle-
rini gerekli kilmaktadir (International Energy
Agency, 2018). Bu isbirlikleri, ortak Ar-Ge gi-
risimlerini kolaylastirarak tilkelerin uzmanlik
ve kaynaklarini bir araya getirmelerini saglar.
Ayrica, uluslararasi standartlarin uyumlasti-
rilmasi, gaz hidrat ¢ikarimi sirasinda gevresel
ve glvenlik risklerinin yonetilmesi igin kritik
oneme sahiptir. Isbirligine dayali cerceveler
ayn: zamanda koordineli politika gelistirme,
egitim programlar1 ve yatirim stratejileri i¢in
de firsatlar sunmaktadir ve bunlarin tiimii gaz
hidrat kaynaklarinin sorumlu ve verimli bir ge-

kilde kullanilmasi i¢in gereklidir.
Onemli Projeler ve Gelecek Yonelimleri

Japonya, Cin ve Hindistandaki kayda deger
projeler, gaz hidrat ¢ikarma teknolojilerinin
gelistirilmesine Onciiliik etmektedir (Matsu-
moto vd., 2013). Bu girisimler, gaz hidratlarla
iliskili teknik ve cevresel zorluklara dair de-
gerli bilgiler saglamakta ve potansiyel ticari
uygulamalara yonelik 6nemli adimlar tegkil et-

mektedir. Bu projelerden elde edilen bulgular,

teknik engellerin asilmasina, ¢evresel etkilerin
en aza indirilmesine ve ekonomik verimliligin
optimize edilmesine yardimci olarak diger iil-
keler icin bir 6l¢iit teskil edebilir. Gaz hidratla-
rin 6nemli enerji icerigi ve genis dagilimi goz
onine alindiginda, gelecekteki enerji tedarik
stratejileri icin kilit bir kaynak olarak konum-

lanmaktadirlar.
Ekonomik Potansiyel ve Pazar Etkileri

Gaz hidratlarin ekonomik uygulanabilirligi,
devam eden arastirmalarin 6nemli bir alani-
dir. Calismalar genellikle termal stimiilasyon,
kimyasal piiskiirtme, basingsizlastirma ve CO2
puskiirtme gibi ¢esitli ¢ikarma tekniklerinin
maliyet etkinligini degerlendirmeye odak-
lanmaktadir (Matsumoto vd., 2013). Ayrica,
bu caligmalar gaz hidratlarin kiiresel enerji
piyasalarindaki rekabet giiclinii incelemek-
te, enerji portféylerini ¢esitlendirme ve enerji
giivenligini artirma potansiyellerini degerlen-
dirmektedir. Cevresel diizenlemeler de, uyum
ve risk azaltma ile ilgili maliyetler goz oniine
alindiginda, gaz hidrat projelerinin ekonomik
stirdiiriilebilirliginin belirlenmesinde 6nemli
bir rol oynamaktadir (Jones vd., 2010). Jeopo-
litik analizler, gaz hidrat rezervlerinin ulusal
enerji stratejileri tizerindeki etkilerini vurgu-
lamaktadir. Onemli rezervlere sahip ilkeler,
daha fazla enerji bagimsizlig1 elde etmek icin
bu kaynaktan yararlanabilir ve boylece kiiresel
enerji dinamiklerini etkileyebilir. Senaryo bazl
caligmalar, gesitli teknolojik ve piyasa kosullari
altinda gaz hidratlarin uzun vadeli ekonomik
potansiyelini aragtirarak, gelecekteki enerji
sistemlerindeki rollerine iliskin i¢ goriiler sun-

maktadir.
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Temel Politika Hususlar1

Gaz hidratlar ve bunlarin enerji politikalari-
na entegrasyonu izerine yapilan aragtirma-
lardan birka¢ temel husus ortaya ¢ikmakta-
dir:

Enerji Kaynaklarinin Cesitlendirilmesi:
Gaz hidratlarin enerji portfoylerine dahil edil-
mesi enerji giivenligini artirir ve geleneksel
hidrokarbonlara olan bagimliligi azaltir. Bu
durum ozellikle rezervlerin tiikenmekte oldu-
gu veya geleneksel kaynaklara erigimin kisitli
oldugu bolgeler i¢in gegerlidir.

Enerji Giivenligi: Yiiksek metan icerigiyle
gaz hidratlar, ithalat bagimliligini azaltabilecek
ve enerji politikalarinda kendi kendine yeterli-
ligi tesvik edebilecek stratejik bir enerji kayna-
g1 olarak goriilmektedir.

Cevresel Siirdiiriilebilirlik: CO2 piiskiirt-
mesi gibi ¢evreye duyarli ¢ikarma teknikleri,
sera gazi emisyonlarini azaltabilir ve boylece
cevresel diizenlemeleri ve siurdirilebilirlik
politikalarini etkileyebilir.

Ekonomik Kalkinma: Gaz hidrat kay-
naklarinin gelistirilmesi, 6zellikle kiy1 bol-
gelerinde ve okyanus erigimi olan tilkelerde
istihdam yaratilmasini ve ekonomik biiyii-
meyi tesvik ederek, gelismekte olan bu sek-
tore daha fazla yatirim yapilmasini saglaya-
bilir.

Uluslararasi Isbirlikleri ve Politikalar: Gaz
hidratlarin kiiresel ©6nemi, bunlarin aragti-
rilmasi, iiretimi ve ydnetimi i¢in uluslararasi
standartlar ve protokoller gerektirmektedir.
Uluslararasi diizenlemelerin ve igbirliginin giic-
lendirilmesi yenilik¢i bulus tesvik edebilir ve
cevresel sonuglar: iyilestirebilir (International

Energy Agency, 2018)..

Bulgular

Metanin gaz hidratlardan gesitli yontemlerle
cikarilmasi, hem ¢evresel hem de ekonomik so-
nuglara iligkin 6nemli bilgiler saglamistir.

“Basingsizlagtirma’,  rezervuardaki gazin
%601na kadarini iiretebilen uygun maliyetli bir
teknik olarak ortaya ¢ikmistir (Boswell & Col-
lett, 2011). Bununla birlikte, deniz ekosistem-
lerini olumsuz etkileyebilecek ¢okme ve yerel
donma gibi riskler tasimaktadir. Yontemin daha
disitk enerji tiiketimi, isletme maliyetlerinin
diismesine katkida bulunur, ancak rezervuar
degisiklikleri nedeniyle verimlilik zaman i¢inde
azalabilir.

“Is1 Paskiirtme”, potansiyel olarak neredeyse
tam gaz liretimi saglasa da, yiiksek enerji gereksi-
nimleri ve sera gazi emisyonlarinin artmasina yol
acan onemli fosil yakit kullanimu ile ilgili zorluk-
larla karg1 karsiyadir. Bu yontem igin yapilan ilk
yatirim 6nemlidir ve {iretilen enerjinin biiytik bir
kismi1 rezervuarin isitilmasinda harcanarak net
enerji ¢iktisini azaltmaktadir.

“Kimyasal Piskiirtme”, glikol veya metanol
gibi kimyasallarin kullanimini igerir ve potansi-
yel s1zint1 ve yeralt: suyu kirliligi ile ilgili endige-
leri artirir (Makogon vd., 2007). Siirdiiriilebilirlik
i¢cin CO2 piiskiirtmesi metan iiretimi ile birles-
tirmenin olas1 uzun vadeli faydalarina ragmen,
kimyasallarla iliskili yiiksek maliyetler ve cevre-
sel diizenlemelere uyum, bu yontemi ekonomik
acidan kiilfetli hale getirmektedir.

“CO2 Piiskiirtme” atmosferik karbondioksit
emisyonlarini potansiyel olarak azaltarak ¢evre-
sel bir avantaj sunar (Hovland & Judd, 2004).
Bununla birlikte, rezervuar i¢indeki basing den-
gesini bozarak jeolojik stabilite sorunlarina yol

agabilir.
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“Mikrobiyolojik teknikler”, “ultrasonik sti-
milasyon” ve “elektromanyetik 1sitma” gibi
yeni yontemler arastirilmaktadir. Bu yenilikei
yaklasimlar, gevresel etkileri en aza indirirken
ekstraksiyon verimliligini artirmay: amacla-
maktadir. Ornegin, mikrobiyolojik yoéntemler
uygun kosullar altinda metan salinimini tesvik
ederek stirdiiriilebilir bir alternatif saglayabilir
(Liu vd., 2012).

Japonya, Cin ve Amerika Birlesik Devletleri
gibi tilkeler gaz hidrat ¢ikarma teknolojilerin-
deki gelismelere onciiliik etmektedir. Devam
eden aragtirmalari, teknik zorluklari ele almaya
ve ekonomik uygulanabilirligi optimize etme-
ye odaklanmaktadir. Ozellikle Japonya ve Cin,
yakin zamanda ticari iiretime ge¢meye hazir-
laniyor.

Gaz hidratlar enerji portfdylerinin ¢esitlen-
dirilmesi ve ithal yakitlara bagimliligin azal-
tilmasi i¢in bir firsat sunmaktadir. Cevresel
olarak, ¢ikarma isleminin karbon yakalama
teknolojileriyle biitiinlestirilmesi metan emis-
yonlarini azaltabilir ve stirdirilebilirligi tesvik
edebilir.

Gaz hidratlar, komiir ve petrol gibi yiiksek
karbonlu yakitlardan daha stirdiiriilebilir ener-
ji sistemlerine gegisi kolaylastiran bir ara enerji
kaynag1 olarak hareket etme potansiyeline sa-
hiptir. Elektromanyetik 1sitma ve gelistirilmis
CO2 piuskiirtme gibi yenilik¢i yontemler, bu
potansiyelin tam olarak hayata gecirilmesi i¢in
elzemdir.

Gaz hidrat ¢ikariminin karbon yakalama ve
depolama/kullanma (CCSU) teknolojileriyle
butiinlestirlmesi, ¢evresel acidan siirdiriilebi-

lir bir enerji kaynag1 olma potansiyelini daha

da giiclendirmektedir. Uygun yenilik¢i bulug
ve uluslararasi is birligi ile gaz hidratlar on yil-
lar boyunca enerji saglayabilir ve daha temiz
enerjiye dogru kiiresel geciste bir gecis kaynag:
olarak hizmet edebilir. Bu teknolojilerin ilerle-
tilmesi, gaz hidratlarin ekonomik ve gevresel
faydalarini ortaya ¢ikarmak ve onlar1 gelecek-
teki enerji stratejilerinin temel tas1 haline ge-
tirmek i¢in gerekli olacaktir.

Sonug olarak, gaz hidratlar gelecekteki enerji
taleplerini stirdiiriilebilir bir sekilde karsilama
kapasitesine sahip uygulanabilir bir enerji kay-
nagini temsil etmektedir. Bunlarin basarili bir
sekilde kullanilmasi, teknolojik yeniliklerin de-
vamina, uluslararasi is birligine ve saglam gevre-
sel 6nlemlere bagl olacaktr.

Ulkemizin dncelikli hedefleri arasinda yer-
li ve milli kaynaklarin kullanilarak Tirkiye’
nin enerjide disa bagimliligini azaltmak yer
almaktadir. Diinya ekonomisinde s6z sahibi
bityiik tlkelerin gaz hidratlarla ilgili yapti-
g1 arastirmalar ve gelinen son noktanin gaz
hidratlardan dogal gaz tretimine yonelik
tiretim testleri oldugu g6z oniinde bulun-
duruldugunda, tlkemizin siiratle gaz hidrat
arastirmalar1 i¢in yaptig1 faaliyetleri yerli ve
milli kaynaklarla arttirmasi gerekliligi ortaya
¢ikmaktadir. Bu baglamda izlenmesi gereken
yol haritas: Ki¢tik, H.M., 2018 ¢alismasinda
deginmistir.

Asagidaki tablolarda gaz hidratlarindan
dogal gaz iiretim yontemlerinin karsilagtir-
masl, gaz hidrat iiretim yontemlerinin avantaj
ve dezavantajlari, gaz hidrat tiretim yontem-
lerinin teknolojik olgunluk ve uygulama du-

rumlar1 6zetlenmistir.
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Tablo 1. Gaz Hidratlardan Dogal Gaz Uretim Yontemlerinin Karsilastiriimasi

Uretim Temel Teknik Gaz Enerji | Ekonomi | Cevres | Teknolo Onemli
Yontemi Prensip Uygulanabi | Uretim Yeriml | k el Etki | jik Basarth
lirlik Verimi iligi Fizibilite Olgunlu | Uygulam
k alar
Basing Rezervuar Yuksek - 9635-55 | Yuksek [ 8-15 Orta- | Yiksek | Japonya
Diigiirme basincinin Mevcut geri (EROL: | USD/MM | Deniz | (TRL: 7- | Nankai
(Depressuriz | hidrat offshore kazanim | 5:1 - Btu tabanm1 | 8) Saha | Cukuru
asyon) kararlilik teknolojileri | oram 8:1) (Anderso | stabilit | testleri (2013,
bolgesinin yle (Moridis | (Walsh | nvd, eriski | tamamla | 2017),
altina uygulanabili | vd., vd,, 2014) ve su nmis Cin
dugtrtlmesi | r 2011, 2009) tretimi | (Fujii Glney
yle ayrisma- | (Yamamoto | Feng vd, sorunla | vd,, Cin
nin vd., 2014) 2015) n 2018) Denizi
tetiklenme-si (Rutqvi (2020)
(Konno vd., stvd., (Yamam
2010; Livd., 2009) otovd.,,
2018) 2014; Su
vd.,
2021)
Termal Hidrat igeren | Orta - Derin | %40-70 | Dusik | 15-25 Orta- Orta Cin
Uyarmm formasyona | sularda 151 potansiye | (EROI: | USD/MM | Yiksek | (TRL: 5- | Guney
1s1verilmesi | kaybi 1 geri 15:1- | B - 6) Lab Cin
yoluyla sorunlart kazamm | 3:1) (Anderso | Termal | ve siurli | Denizi
ayrisma (L1 | (Islam, (Livd, (Yang |[nvd, kirlilik | pilot laboratuy
vd., 2016; 2015) 2015) vd,, 2014) ve daha | testler arve
Song vd., 2012) yuksek | (Livd, | pilot
2016) CH, 2016) dleekli
kacak testler (Li
riski vd.,
(Ruppe 2016,
lve Song vd.,
Kessler 2016)
,2017)
Kimyasal Kimyasallar | Orta - %30-50 | Orta 12-20 Yiksek | Dugtk- Hindistan
Inhibitér kullanarak Kimyasal tahmini (EROL: | USD/MM | - Orta NGHP
Enjeksiyonu | hidrat dagilim verim 3:1- Btu Kimyas | (TRL: 4- | laboratuy
kararlilik sorunlarive | (Kamath | 5:1) (Chong al 3) ar
egrisinin lojistik vePatil, | Liu vd,, kirlilik | Agirlikh | ¢alismala
degigtirilmes | zorluklar 2013) vd, 2016) potansi | lab 11, sinrh
i(Sloan ve (Sahu vd., 2012) yeli testleri saha
Koh, 2008) | 2018) {Chong | (Xuvd, | testleri
vd,, 2016) (Sahu
2016) vd.,
2018)
CO,/CH, CO;, Diusuk - %60-80 | Degisk | 18-30 Daguk | Duguk Alaska
Degisimi enjeksiyonu | Derin teorik en USD/MM | - (TRL: 3- | Kuzey
ile metanin | denizde potansiye | (EROL: | Btu, Karbon | 4) Yamag
yer CO, | 2:1 - karbon vakala | Alaska | Ignik
degistirmesi | tasima/enjek | (Boswell | 4:1) kredisi mave | sahatesti | Sikumi
(Park vd., siyon vd, (McGra | olmadan | depola | (permafr | testi
2008, Koh zorluklan 2017) ilvd, (Anderso | ma ost) (2012)
vd., 2012) (Espinoza 2007 nvd, potansi | (Boswell | (Konno
ve 2014) yeli vd,, vd.,
Santamarina (Boswe | 2017) 2014)
, 201 lvd,
2017)
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Tablo 1. Gaz Hidratlardan Dogal Gaz Uretim Yontemlerinin Karsilastiriimasi (devam)

Uretim Temel Teknik Gaz Enerji | Ekonomi | Cevres | Teknolo | Onemli
Yontemi Prensip Uygulanabi | Uretim Veriml | k el Etki | jik Basarih
lirlik Verimi iligi Fizibilite Olgunlu | Uygulam
1 alar
Mekanik Hidrat igeren | Cok Dugik - | %70-90 | Cok 25-40 Cok Cok Sadece
Yontemler materyalin Derin teorik, Dugik | USD/MM | Yuksek | Dusuk konsept
fiziksel denizde pratik (ERCI: | Btu -Deniz | (TRL: 2- | ¢aligmala
cikarilmasi( | uygulanmas: | degil 1:1- (tahmini) | tabanin | 3) rive sig
Chong vd., | ¢ok zor (Chong | 2:1) (Anderso | da Konsept | deniz
2016) (Yamamoto | vd, (Anders | nvd, buytk | asamasin | 6nerileri
vd, 2014) 2016) onvd., |2014) fiziksel | da (Chong
2014) etki (Yamam | vd,
(Chong | otovd., | 2016)
vd, 2014)
2016)
Basing Basing Orta- %40-60 - | Orta 10-15 Orta- | Orta Japonya
Diisiirme + digtirme ile | Yiksek - Soguma | (EROI: | USD/MM | Basit (TRL: 6- | MH21
Termal birlikte Basing etkisinn | 4:1 - Btu termal | 7) hibrit
Uyarmm kismi termal | dugtrme azaltlma | 7:1) (Li | (Japon yantem | Japonya® | testleri,
Hibrit destek temelli daha | siylaartig | vd, METI, den da test Cin
Yintem (Konno vd., | ulagilabilir | (Feng 2018) | 2017) daha az | edildi Guangzh
2010;Livd, | (Livd, vd., etki (Fujii ou testleri
2018) 2018) 2015) (Feng | vd, (Livd,
vd,, 2018) 2018)
2015)
Basing Dusgtk Yiksek - %35-50 - | Yuksek | 9-14 Orta- | Orta Cin
Diisiirme + | konsantrasy | Daha az Geligtiril | (EROL: | USD/MM | Azaltll | (TRL: 6- | Glney
Kimyasal onlu kimyasal misg 51- Btu(Cin | mg 7)Cin’de | Cin
Inhibitér inhibitér ve | gereksinimi | kararlilik | 8:1) GMGS, | kimyas | test Denizi
Hibrit basing (Sunvd, (Sunvd, | (Feng [ 2020) al edildi (L1 | GMGS
Yintem digtirme 2015) 2015) vd, kullant | vd., projeleri
kombinasyo 2015) mi(Xu | 2018) (Suvd,
nu (Feng vd, 2021)
vd., 2015, 2016)
Sunvd.,
2015)

(Tablo: Cifei vd., 2024)

Sonug¢

Karadenizde gaz hidratlar1 aragtirmalar1 alaninda
gecmiste yapilmis saha ¢alismalariin sonuglari-
na bakilirsa, mevcut rezervler 100 trilyon m3’iin
tizerinde olabilir (Bazauk, vd. 2021). Karadeniz’in
470 bin km2 olan toplam alaninin yaklasik 200 bin
km?2’lik béliimii Tiirkiyenin Miinhasir Ekonomik
Bolgesi (Deniz Yetki Alani) igerisinde kaliyor. Mev-

cut rezervin ne kadarinin Tiirkiye'nin tasarrufunda

olan alanda bulunduguna dair kesin bilimsel veriler
olmamakla birlikte, s6z konusu kaynaklarin Tiirki-
ye'nin enerji gereksinimini ¢ok uzun yillar boyunca
karsilamaya yeterli olacag1 hesaplanmaktadir.

Gaz hidratlarin ¢ikarilmasi ve ekonomiye en-
tegrasyonu mevcut yontem ve teknolojiler kulla-
nilarak gerceklestirilebilir. Bu ¢ikarma tekniklerini
iyilestirmeyi ve gelistirmeyi amagclayan gelecekteki
arastirmalar, patentli yeniliklere katkida buluna-

caktir.
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Tablo 2. Gaz Hidrat Uretim Yontemlerinin Avantajlari ve Dezavantajlari

+ Ciddi cevresel etkiler

Uretim Yontemi Avantajlar Dezavantajlar Referanslar
Dallimore vd.
(2012)
* Teknik olarak en basit yaklagim+ « Rezerviar sodumasi Konno
Diigtik enerji gereksinimi « Ditsiik oecir %nlikli vd.(2010)
Basmg Diisiirme * Daha iyi ekonomik fizibilite SUK gegIrg o Moridis vd.
: rezervuarlarda yavag tretim
(Depressurizasyon) | * Saha uygulamasi kanitlanmig s (2011)
LS e gn e 3o o S + Kum tretimi sorunlart
+ Uzun stireli stirdtrtlebilir Gretim - : 5w s Yamamoto vd.
o * Yiksek miktarda su tiretim1
potansiyeli (2014)
Reagan vd.
(2010)
Livd. (2015)
+ Derin denizde agir1 1s1 Moridis vd.
: o (2011
* Hizli hidrat ayrigmasi potansiyeli kayiplar Sone vd.
» Dugtk gegirgenlikli formasyonlarda + Cok yuksek enerji gereksinimi £ ve.
) z 0 S e (2016)
Termal Uyarim etkili + Dustik enerji verimliligi TFens vd
* Uygun kosullarda yiiksek tretim huz1 | + Termal enerji tagima zorluklan (2055) ’
* Soguma etkisini giderme * Yavag 1s1 transferi ve smirli
Islam (2015)
penetrasyon Chen vd
2017
- . ; Dong vd.
+ Buytk hacimlerde kimyasal
g (2009)
* Bazi durumlarda hizli ayrisma kullanim zorlugu sk —-
5 . oL | e Dugtik sicakhklarda galisabilme + Yiksek kimyasal maliyetleri :
Kimyasal Inhibitor __ o 5 Patil (2013)
Sn ¢ Termal yontemden daha dagtik enerji | + Penetrasyon sinirlamalart :
Enjeksiyonu S . Livd. (2014)
gereksinimi + Cevresel endigeler Sunvd, (2015)
¢ Diger yontemlerle kombine edilebilir | « Kimyasal geri kazanim S va
sorunlart 2018)
Liuvd (2012)
CO,/CH,4 Degisimi | ¢ Karbon yakalama/depolama + Dugiik degisim kinetigi ve Koh vd. (2012)
entegrasyonu yavasg reaksiyon Chong vd.
+ Cevresel agidan en olumlu yaklagim ¢ Derin denizde CO, (2016)
* Deniz taban stabilitesini koruma tagima/enjeksiyon zorluklar Tung vd. (2010)
* Metan Gretimi ve CO, depolamanin * Yuksek basing gereksinimleri | Boswell vd.
es zamanli gergeklesmesi * Rezervuar heterojenitesi (2017)
¢ Ekzotermik stire¢ avantaji problemleri McGrail vd.
* Yiksek maliyet ve karmagik (2007)
lojistik Lee vd. (2013)
* Derin denizde uygulanmasi
* Dogrudan ve kontrollu erigim son derece zor Choisd
. » Diger yontemlerin uygulanamadigt * Cok yiiksek teknik zorluklar & Ve
Mekanik - ; T (2016)
.. alanlarda kullanilabilme * Deniz taban stabilitesi
Yintemler < ! . 55 : : Yamamoto vd.
* 81§ deniz taban hidratlar i¢in tehlikeleri (2014)
potansiyel + Asirt yiksek maliyet

Basmg Diiglirme +
Kimyasal Hibrit

sogumayi azaltma
+ Hidrat tekrar olugumunu engelleme
» Kum tretiminin azaltilmasi

* Rezervuar heterojenligi
zorlugu
* Clevresel etki hala meveut

* Basing diigtirme sogumasini telafi * Bk 1s1tma ekipmani Konno vd.
etme gereksinimi (2010)
Basing Diisiirme + | » Uretim hizin1 ve kararliligim artirma | « Derin denizde 1sitma Livd. (2018)
Termal Hibrit * Tam termal yontemden daha az enerji | zorluklar Feng vd.
gereksinimi * Yiksek ekipman maliyeti (2015) Fujui vd.
+ Hidrat yeniden olusumunu énleme * Enerji verimliligi hala sorun (2018)
* Daha az kimyasal kullanim1 » Kimyasal dagilim sorunlari Feng vd.
* Aynigsma sicakhi@im digtrerek * Maliyette kismi artig (2015)

Sun vd. (2015)
Xuvd. (2016)
Livd. (2018)

(Tablo: Cifei vd., 2024)
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Tablo 3. Gaz Hidrat Uretim Yontemlerinin Teknolojik Olgunluk ve Uygulama Durumu

Laboratuvar

W Teknolojik Sonuclari ile
Uretim Aragtirma Durum
Yéntemi Olgunluk Saha Uygulamasi Degerlendirmesi Saha Referanslar
Seviyesi (TRL) Uygulama
Korelasyonu
e .| Yuksek
Toponye: 2013 Gigli, ]j:n 01gun telmoloi korelasyon- Yamamoto vd.
120.000 m? gaz ozellikle kum
TRL 7-8 ) . . laboratuvar (2014)
Basme e Japonya (2017): 36 gin, bakimindan zengin p
- Saha olgeginde 5 modelleri Fujii vd. (2018)
Diisiirme iy 235.000 m3 gaz Suuf 1 ve Simf 2 :
test edilmis y . . . saha Suvd. (2021)L1 vd.
Gin (2020): 30 gtin, 861.400 | hidrat d .
3 avraniging iyi [ (2018)
m?® gaz rezervuarlarnda gy
éngoriyor
Termal TRL 5-6 Agirlikl olarak laboratuvar | Derin denizlerde Orta Livd. (2016)
Uyarim Laboratuvar ve | ve rezervuar simtlasyonlar1 | enerji verimliligi korelasyon- Song vd. (2016)
smirh pilot Japonya ve Cin’de kism1 sorunu nedeniyle 151 kayiplar Livd. (2015)
testler 1s1tma uygulamalart sinirlt saha Chen vd. (2017)
uygulama=br>Daha | kosullarinda
ok hibrit laboratuvar
kullamimda degerli | tahminlerini
aslyor
Digiik-Orta
TR, 4.5 Cevre kaygilari ve | korelasyon- Sahu vd. (2018)
; Hindistan NGHP maliyetler nedeniyle | rezervuar Kamath ve Patil
Kimyasal Laboratuvar ve 1ab Tnsmal R y h o
inhibitor fefile Skl aboratuvar galigmalarr saf form yerine eterojenitesi [ (2013)
ot testler Kiugik dlgekli saha testleri | hibrit kullanima ve saha Xuvd. (2016)
P odaldamlmig kosullart Sun vd. (2015)
laboratuvar
sonuglarint
onemli olgtide
etkilivor
Digik
Uzun vadede en korelasyon-
TRL 3-4 Alaska Ignik Sikumi Testi gevre dostu yontem | saha testleri Boswell vd. (2017)
CO,/CH, Konsept (2012) Ancak teknik laboratuvar Konno vd. (2014)
Degisimi kanitlanmus, Permafrost ortaminda, derin | zorluklar nedeniyle | sonuglarindan | Koh vd. (2012)
sinirli saha testi | denizde degil ticari uygulamasi en | daha yavag Park vd. (2008)
uzak kinetik
gosteriyor
D Eeete | ok i
. TRL 2-3 Sadece teorik ve kavramsal | P ¥ korelasyon- Chong vd. (2016)
Mekanik yaklagim
.. Konsept caligmalar e g gergek saha Yamamoto vd.
Yontemler . o N Sig hidratlar i¢in
agamasinda S1g deniz igin Oneriler uygulamalar1 | (2014)
sinirli uygulama -
72 hentiz yok
potansiyeli
Basing TRL 6-7 Japonya MH21 hibrit Geleneksel basing Yiiksek Livd. (2018)
Diisiirme + | Pilot dlgekte testleri (2019) dugtirmenin korelasyon- Feng vd. (2015)
Termal test edilmis Cin Guangzhou testleri iyilestirilmig pratik Fujii vd. (2018)
Hibrit (2018-2020) versiyonu uygulamalar | METI (2017)
Soguma etkisini laboratuvar
gidermek igin pratik | tahminlerine
yaklagim yakin
sonuglar
veriyor
Yakin gelecekte ngzii{yon-
BZ.I.SI.I.IQ TR 6.7 Cin GMGS projeleri (2020- | ticari qygplarflam en | b testleri Suvd. (2021)
Diigiirme + Pilot slcekiec 2023) olast hibrit yontem ticart oloek Feng vd. (2015)
Kimyasal fedfie dﬂcmi Gunlik 28.700 m® gaz Daha az kimyasal Anoes] ¢ Sun vd. (2015)
Hibrit ¥ tiretimi kullanims ile est Livd. (2018)
. optimizasyon
avantajli
asamasinda

(Tablo: Cif¢i vd., 2024)
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Cikarilan gaz hidratlardan, buhar metan refor-
mu (SMR) ve piroliz gibi islemlerle mavi hidrojen
veya sentez gazi iiretilebilir. Bu yontemler sadece
hidrojen tiretmekle kalmaz, ayn1 zamanda ¢ok ¢e-
sitli gelismis malzemelerin tiretiminde kullanilabi-
lecek degerli yan iiriinler olarak sentez gazi ve saf
karbon da iiretir.

Bu yaklasim sadece sera gazlarinin atmosfere
salinmasini engellemekle kalmaz, ayni zamanda
stirdiirtilebilir kalkinmay1 da destekler. Dolayisiyla,
gaz hidratlarin ekonomik kullanimi, bu kaynaklar-
dan endiistriyel uygulamalar i¢in yararlanirken kii-
resel 1sinma degisikligini azaltmak i¢in umut verici
bir yol sunmaktadr.

Japonya, Cin ve Amerika Birlesik Devletleri,
saha testleri ve ¢ikarma yontemlerindeki 6nemli
ilerlemelerle kiiresel gaz hidrat aragtirma ve gelis-
tirmesinde 6n siralarda yer almaktadir. Hindistan,
Giiney Kore ve Kanada da gaz hidrat rezervuarla-
rin1 kesfetme ve ¢ikarma teknolojilerini iyilestirme
konusunda onemli ilerlemeler kaydetmektedir.
Ticari tretim heniiz gerceklesmemis olsa da, bu
tilkeler teknik ve gevresel zorluklar: ele alarak ge-
lecekteki geligim icin zemin hazirlamaktadir. Onii-
miizdeki yillarda Japonya ve Cin'in ticari tiretime
gegen ilk iilkeler arasinda yer almasi ¢ok muhte-
meldir.

Gaz hidratlar, fosil yakitlar ile daha temiz ener-
ji sistemleri arasindaki boslugu dolduran bir gecis
enerji kaynagi olarak hizmet edebilir. Genis me-
tan rezervleriyle gaz hidratlar onlarca yil boyunca
enerji saglama potansiyeline sahiptir ve enerji tire-
timinin cevresel etkilerini azaltma firsati sunar.

Ozetle, gaz hidratlarin kapsamli bir sekilde in-
celenmesi, enerji politikalarinin sekillendirilmesi
ve bu kaynaktan siirdiiriilebilir bir sekilde fayda-
lanmak i¢in gerekli cercevelerin olusturulmasi agi-

sindan elzemdir. Uluslarin enerji giivenligi ve cevre

yonetimi konularindaki ortak ¢ikarlar1 dogrultu-
sunda gosterecekleri isbirligi ¢cabalari, gaz hidrat-
larin gelecegin enerji kaynag1 olma potansiyelinin
hayata gecirilmesinde ¢ok 6nemli bir rol oynaya-
caktir. &

Tesekkiir

2003K120360 numarali proje ile ekipman temini
ve veri toplama, isleme ve yorumlama laboratuvari-
nin kurulmasinda verdikleri degerli destek icin Dev-
let Planlama Teskilatina (DPT) tesekkiirii bir borg
biliriz.
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