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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).




& BRIQ - Volume 6 Issue 3 Summer 2025

355

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).
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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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Collet, 2011) /
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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 20x10A15 m? of methane gas in global
deposits, potentially meeting human energy ne-
eds for nearly 1,000 years.

The carbon content (10x10/A12t) 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

Noteworthy projects in Japan, China, and
India are leading the way in advancing gas
hydrate extraction technologies (Matsumoto
et al., 2013). These initiatives provide valuable
insights into the technical and environmental
challenges associated with gas hydrates and are
essential steps toward potential commercial

applications. The findings from these projects

may serve as benchmarks for other nations,
helping to overcome technical hurdles, mini-
mize environmental impacts, and optimize
economic efficiency. Given the considerable
energy content and wide distribution of gas
hydrates, they are positioned as a key resource

for future energy supply strategies.

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 ener-
gy markets, evaluating their potential to di-
versify energy portfolios and enhance energy
security. Environmental regulations also play
a significant role in determining the economic
sustainability of gas hydrate projects, given the
costs associated with compliance and risk mi-
tigation (Jones et al., 2010).

Geopolitical analyses highlight the imp-
lications of gas hydrate reserves for national
energy strategies. Countries with substantial
reserves may leverage this resource to achieve
greater energy independence, thereby influen-
cing global energy dynamics. Scenario-based
studies further explore the long-term econo-
mic potential of gas hydrates under various
technological and market conditions, offering
insights into their role in future energy sys-

tems.
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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 High 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 Me- 12-20 High - Me- India
Injection of hydrate Chemical estimated | dium USD/MMBtu | Chemi- | dium- NGHP
stability distribution | yield (Ka- | (EROL [ (Chongetal., [calpol- | {(TRL:4- | labora-
curve using | issues and math and | 3:1- 2016) lution 5) We- | tory
chemicals logistical Patil, 51 potential | ighted studies,
(Sloan and challenges 2013) (Liuet {Chong | labtests | limited
Koh, 2008) (Sahuetal, al, etal, Xuet field
2018) 2012) 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- | culttoapply | cal, not (ERCI: | (estimated) Major (TRL: 2- | cept
tainingma- | indeepsea | practical | 1:1- (Anderson et | 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 by redu- | (ERQCI: | (Japon METI, | effect 7) Tes- | hybrid
tion Hybrid sure reduc- | based on cing the 4:1- 2017y than ted in tests,
Method tion (Konno | pressure re- | cooling 7.1 (L1 simple Japan China
etal, 2010; | duction (Li | effect vd,, thermal | (Fujii Guang-
Lietal, vd., 2018) (Fengvd., | 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) Tes- | China
Hybrid Met- | pressure re- | ments {Sun et 8:1) GMGS, 2020) | mical ted n Sea
hod ducing com- | (Sunetal, al,, 2015) | (Feng use China GMGS
bination 2015) etal, (Xu et Liet pro-
(Feng etal., 2015) al, al., jects
2015; Sun et 2016) 2018) (Suet
al,, 2015) 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.

368



& BRIQ - Volume 6 Issue 3 Summer 2025

369

Table 2. Advantages and Disadvantages of Gas Hydrate Production Methods

Production 1
Method Advantages Disadvantages References
Dallimore et al.
(2012)
+ Technically the simplest approach : : Konno et
: * Reservoir cooling
LgarRmR e * Slow production in low permeabilit; gL LIy
Depressuri- | * Better economic feasibility D P ¥ | Moridis et al.
2 : c Teservoirs
zation * Proven Field application : (2011)
: ; + Sand production problems
* Long-term sustainable production po- | ich water production Yamamoto et al.
tential = P (2014)
Reagan et al.
(2010)
Lietal. (2015)
; ; o Moridis et al.
tigr?tentlal et yepd bysioats dissoola- * Excessive heat losses in the deep sea (2011
Thermal « Effective in low permeability forma- * Mgy lnglt SHETEY TegaUEent R eul.
L ; * Low energy efficiency (2016)
Injection tions s
<o ron sl wilesaaile * Thermal energy transport c_hfflcultles Feng et al.
- + Slow heat transfer and limited penetra- | (2015)
conditions :
+ Eliminate the cooling effect e Telami2015)
Chen et al.
(2017
Dong et al.
ST . (2009)
. * Fast decomposition in some cases leflculty usIng larpevolumesol gie- Kamath and Patil
Chemical In- o micals
e . » Ability to work at low temperatures . : (2013)
hibitor Injec- ; * High chemical costs g
. +» Lower energy requirements than ther- S Lietal (2014)
tion * Penetration limitations
mal methods Jes e pus— Sun et al. (2015)
+ Can be combined with other methods 3 : Sahu et al.
¢+ Chemical recovery issues
(2018)
Liu et al (2012)
CO,/CH, « Carbon capture/storage integration * Low exchange kinetics and slow reac- | Koh et al. (2012)
Exchange * The most environmentally positive tion Chong etal.
approach * CO» transportation/injection challen- (2016)
* Maintaining seabed stability ges in deep sea Tung et al. (2010)
+ Simultaneous methane production and | « High pressure requirements Boswell et al
CO; storage * Reservoir heterogeneity problems (2017)
* Exothermic process advantage * High cost and complex logistics MecGrail et al.
(2007)
Lee et al. (2013)
« Extremely difficult to implement in
* Direct and controlled access deep water Chong et al.
Mechancial + Usability in areas where other met- + Very high technical difficulties (2016)
Methods hods cannot be applied « Seabed stability hazards Yamamoto et al.
* Potential for shallow sea-bed hydrates | + Extremely high cost (2014)
+ Serious environmental impacts
Iir(f;mpensatf: for decompression coo- -
Depressuri- . . . + Additional heating equipment required | (2010)
zation + hgncrease producton specel aid Habi- * Deep sea heating challenges Lietal (2018)
Thermal . ]31 < ed than full the Ll High equipment cost Feng et al.
Hybrid me;jg;nergy required than it thermat 1 Energy efficiency still a problem (2015) Fujii et al.
* Prevent hydrate regeneration (RH)
Depressu- ~Lisss chemlcgl use . + Chemical distribution issues Fengoludl,
o * Reduce cooling by lowering decom- I . (2015)
riza-tion + e + Partial increase in cost
. position temperature . . Sun et al. (2015)
Chemical « Prevent hvdrate reformation * Reservoir heterogeneity challenge Xuetal (2016)
Hybrid ¥ + Environmental impact still present '

* Reducing sand production

Lietal (2018)

(Table: Cifci et al., 2024)
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Table 3. Technological Maturity and Application Status of Gas Hydrate Production Methods

Source

Correla-
Technologic :)lzll-la(t)(i)‘ La-
Production | Ripeness . .. Research Situa- Y
Field Application : Results References
Method Level tion Assessment | . .
with Field
(TRL) ——
Applicati-
ons
g%ago(g (3533 ) :ag o, The most mature High correla- | Yamamoto et al.
. | TRL7-8 : g. technology, especi- | tion - labora- | (2014)
Depressuri- ' Tapan (2017): 36 day, . .
: Tested at field ally in sand-rich tory models Fujii et al. (2018)
zation 235.000 m? gas .
scale . ) Class 1 and Class 2 | predict field Suetal (2021)
Ching (020): 30 deg; 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 in 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
Low-Medium
correlation -
TRL 4-5 Focus on hybrid use | Reservoir he- | Sshuetal. (2018)
. India NGHP laboratory stu- | rather than pure terogeneity Kamath and Patil
Chemical Laboratory and . ' X
Inhibitor small-scale pilot dies . it e e antifeldman | (200
Bl Small-scale field tests ronmental concerns | ditions signi- | Xu et al. (2016)
and costs ficantly affect | Sun et al (2015)
laboratory re-
sults.
TRL 3-4 Alaska Ignik Sikumi Test The most environ- Low correla Boswell et al.
CO;/CH, Proven concept, | (2012) mentally friendly tion - field T | o1
Exchange limited field In permafrost environment, | method in the long tests_show Konno etal. (2014)
testing not in deep sea run. However, due ) Koh et al. (2012)
to technical difficul- | slower kine- | Park et al. (2008)
ties, commercial tics than labo-
application is far ratory results
from possible.
. Impractical appro-
' Only theoretllcal and con- ach in decp seas Very low cor- Chong et al. (2016)
Mechanical | TRL 2-3 ceptual studies - o relation - no
. Limited application ) Yamamoto et al.
Methods In concept stage | Recommendations for shal- . real field app-
. potential for shal- T (2014)
low hydrates
Depressuri- | TRL 6-7 Japan MH21 hybrid tests Improved version of | High correla- | Lietal. (2018)
zation + Tested on pilot | (2019) traditional decomp- | tion - practi- | Feng etal. (2015)
Thermal scale China Guangzhou tests ression cal applicati- | Fujiietal. (2018)
Hybrid (2018-2020) Practical approach | ons give re- METI (2017)
to elimnate cooling | sults close to
effect laboratory
predictions
Hybrid method High correla-
Depressu- China GMGS projects most hke!y tobe || ton- ﬁeld. Suetal. (2021)
i TRL 6-7 commercially aval- | tests at opti-
rization + : (2020-2023) . e Feng etal. (2015)
. Tested on pilot : . lable in the near fu- | mization
Chemcial Daily gas production of Sun et al. (2015)
Hybrid sl 28,700 m? ture . stagebefore | ;7o) on1g)
: Advantages with commercial ’
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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