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Abstract 
 
Human‟s demands for energy resources are increasing day by day. People 

use 30% more energy per year than the Earth will replenish. So, if we 

overused these resources then a danger of depletion of natural resources 

arises. So, we have a special class of Clathrates commonly known as natural 

gas hydrates (NGH). Because of its high amount of energy and large reserves 

NGH are presented as one of the most relevant energy alternatives. A 

significant volume of methane is stored in hydrate of the natural gas which 

can fulfil the energy demands of the world for centuries if exploited properly. 

Recent literature shows that this methane hydrates also exihibit ability as a 

most important factor in changing global climate in the earth‟s crust. Since, 

the gas hydrates are crystallized and the variations in pressure and 

temperature influence their stability. These disturbed gas hydrates may also 

have an effect on climate through the liberation of methane (a greenhouse 

gas), that can rise global warming and function as an element in changing 

global climate. In this review, we have summarized the role of natural gas 

hydrates (NGH) as an upcoming power source that's providing applications 

for fulfilling future energy demands. 
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1 Introduction 

The global demands for energy are expected to rise considerably in the as 

human society grows.
[1]

 The current global demands for energy is met by 

34% from black gold, 25% from coal mining, 21% from natural gas, 12% 

from recoverable and 8% from nuclear power sources.
[2] 

Global energy use is 

projected to grow between 472 quadrillion Btu to 678 quadrillion Btu by the 

year 2030, which reflects 44% of overall increase from 2006 to 2030. Almost 

80% of the global power generation will continue to be produced from fossil 

fuels and the burning of these fossil fuels are principal sources of CO2 

secretions. And an increase in its concentration in the atmosphere can give 

rise to global climate[1], [2]. 

Natural gas hydrates (NGH) belong to an extremely diverse class of 

substances known as clathrates. Natural gas hydrates (NGH) are regarded as 

an upcoming source of energy. Methane is a predominant component of 

NGH and also called methane hydrates. Methane hydrates were discovered 

by Joseph Priestley in 1778. In the U.S. permanently frozen ground  and 

surroundings water, hydrates can contain methane i.e.200,000 trillion cubic 

feet. Due to its large amount and broad ecological division hydrates of 

methane show a possible wide source of natural gas. 

Hydrates of methane are also of varied concern for the reason that the 

methane gas contains less CO2 per mole than any other fossil fuels[3], 

[4].              

2 Coal (CH) + 2 ½ O2  2CO2 + H2O 

CH4 + 2O2 CO2 + 2H2O 

Therefore, the use of methane produced by NGH might not only assure the 

acceptability of global resources of energy, but also reduce possible change 

of global climate
 
[4].    

 

2  What are Methane Hydrates 

Gas hydrates are firm, crystalline and cage-similar structures composed 

of host particles like water, encapsulating guest molecules like methane, 

propane, butane and carbon-dioxide beneath  low temperature and high 

pressure conditions. The guest molecules should be of an adequate dimension 

so that they can adjust within the voids of host molecules. Methane is the 

predominant component of natural gas hydrates and  also called methane 

hydrates [5], [6]. 
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Methane hydrates represent white, frost like solids contain crystal lattice 

of water and methane gas. Methane hydrates are made by the bacterial 

degradation of organic matter and drain out from the basis of oil and natural 

gas sediments.Methane hydrates are steady at temperature drop and high 

pressure settings. Beyond this temperature pressure  condition, methane is no 

longer  trapped in crystal lattice of water or exist only as free gas[7], [8]. 

 
3  Methane Production from Natural Gaseous Hydrates 

Methane gas can be produced from the massive worldwide reserves of 

NGHs. Nevertheless, due to the solid phase structure of NGHs, modern oil 

and gas recovery techniques are not adapted. Methane gas extraction usually 

works by disrupting the unique thermodynamic circumstances of the 

equilibrium hydrate stabilized region by either raising the temperature or 

lowering the pressure in NGHs reservoirs. Methane gas extraction from NGH 

may be done by disturbing the gas hydrate‟s hard structure within water and 

gas. This dissociated gas can then be transported using conventional transport 

methods. Production of natural gas methods involves (a) decompression (b) 

temperature stimulation (c) chemical inhibiting insertions and (d) 

CO2 alternatives. 

The way of lowering pressure (the mode of depressurization) for gas 

obtained by NGHs is more efficient and cost effective than the method of 

temperature stimulation. 

The depressurization process works by lowering the pressure within the well 

with embedded and neighbouring gas hydrate zones resulting in methane gas 

dissociation. The objective includes the minimization of pressure below the 

level of dissociation, which leads to the dissociation of hydrates within water 

and gas. Decompression method has been shown as an effective mode with 

fine pressure and repositories temperature make the critical standards for gas 

production  and entire well performance. 

In the temperature stimulation process, at constant pressure, heat is added 

to the NGH system to lift the temperature over the point of dissociation, to 

create methane gas by the breakdown of gas hydrates. Specific sources of 

heat, for instance steam introduction, hot water or incidental heat by 

electrical power or ultrasonication, may be used to add direct heat. The 

methane gas, combined with warm water, is later isolated from warm water 

for use as a sheer gas[9]. 

The third method of dissociating NGHs is chemical prohibition in which 

a chemical prohibitor is applied. A chemical prohibitor, e.g. methanol, is 

utilized and inserted between the layers of hydrates of methane that separate 

methane from solid gas hydrates structures.  

 

 

 



 

 
 

 

 

 

                       

 

The selection of techniques for the removal of methane under NGHs 

depends not simply on the geographical sites and thermodynamics 

circumstances of NGH but furthermore on the amount of hydrate stores, the 

cost of investment and conservations, the effect on the environment and the 

easiness of the way chosen. The methods of temperature stimulation and 

chemical prohibition are comparatively costlier. Furthermore, the most 

economical and effective process is considered to be the depressurization 

system for extracting methane gas from NGH[10], [11]. 
 

4 Gas Hydrates as an attainable Energy Source 

Gas hydrates are of great concern due to its usefulness as an energy 

resource and due to its usefulness in changing the global climate. From the 

perspective of energy resource, huge quantities of gas hydrates below the 

marine and frozen permafrost are expected to constitute greater than 50% of 

all carbon containing fuel stock on earth. 

In earth‟s crust, large amounts of gas hydrates may be regarded as a 

long-term source of energy.  Kvenvolden and Macogon  suggested that till 

1998 , the methane hydrates contains just twice the  magnitude of energy 

than any additional fossil fuels. 

Collett and kuuskraa completed this analysis and estimating that the gas 

stores extent from 1.4 × 10
1 

to 3.4 ×10
4
 trillion cubic meters [tcm] for 

permanently frozen areas and from 3.1×10
3
 to 7.6 ×10

6 
tcm for marine 

deposits. 

In order to fulfill future energy demands, several prospective proposals 

are even examined to establish varied production plans from hydrate 

deposits; one similar program is the Mallik 2002 Gas Hydrate Research Well 

Program regarding the exploitation of deep frozen soil deposits in the Frozen  

region of Canada. 

1m
3 

of NGHs containing more than 160 m
3
 of methane gas, can be 

regarded as a great potential alternative source of energy. In Accordance with 

the U.S. Geological Study, nearly 200,000 trillion cubic feet of this natural 

resource are only found in the USA. The total natural gas used in the U.S. is 

almost 22 trillion cubic feet, meaning natural gas from NGHs can meet the 

needs of the U.S. for the next 100 years at about 1% recovery. 

In addition, NGHs not only provide higher energy per weight but also 

contain less CO2 [which is responsible for global warming], around 30 and 

60 times lower than gasoline and coal, respectively. In nowadays, people 

mostly use fossil fuel sources for fulfilling their needs and these fossil fuels 

are major sources of CO2 emissions. Methane gas is regarded as an enticing 

gasoline for its slightest greenhouse effect, because it generates less carbon 

dioxide throughout its ignition in contrast to all other petroleum-derivative 

fuels.  
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The actual positive involvement of methane gas fuel to reducing 

environmental contamination must also be regarded as an unusual upcoming 

energy resource in more detail, along with its production from NGHs[12], 

[13]. 
 

5 Impact of Gas Hydrates on Environment 

From the past few years, climate change owns attracted more and more 

attention around the world.
[
 The rising in ocean temperature and the 

subsequent lowering in the dissolved oxygen amounts have already been 

established to affect the marine environment.Meanwhile, climate change-

accelerated greenhouse gas emissions from the permafrost are still 

considered a possible threat to the impact of global warming. 

Consequently, several climate change proposals are published, and viable 

solutions are often proposed. Addressing climate change is expected to be the 

major public healthcare challenge of this current century, and extra policy 

spending and financial assistance are strongly promoted.
[22] 

The Earth‟s 

atmosphere has a wide diversity of sources and  descends for methane 

comprising gas hydrates, that live with their climate in metaphorized 

equilibrium and are influenced by variation in pressure and temperature. 

Methane is a significant trace element of the environment, having a 

collection of about 6.9×10
12

m.
2 

Ambient methane concentration is rising at 

average of approximately 1.0 % per decade[14], [15]. 

The methane concentration that is stored in onshore and offshore  

hydrates of gas is may be 3000 times the magnitude in the environment; the 

enormous liberation of methane by this source might have a major effect 

over the atmospherical arrangement and therefore on the atmospheric radiant 

characteristics that influence worldwide  weather.
[24]

 Since methane gas is 

radiantly energetic so this is one of the greenhouse gas with a potential for 

universal overheating 20 times more than the comparable heaviness of  

carbon dioxide. 

Two ideas were suggested to understand the potential function of 

methane hydrates in changing worldwide climate, but none of these 

proposals examined the effectual impact of oxidation over hydrate 

of methane gas: 

By the end of the final larger frozenness  around 13,500 decades back, 

methane from worldwide hydrates of gas was assigned to the fast  increase in 

environmental methane. In this case, the arctic worldwide gas-hydrates are 

unsettled by lowering the pressure of fusion glaciers, resulting in temperature 

increment due to methane releases. The subsequent heating generates strong 

favourable evaluation, which magnifies methane liberation and eventually 

helps in ending the glacial period[16]. 

 



 

 
 

 

 

                       

 

The gas-hydrate deposited on the outer global margin liberates 

methane under a dropping level of the sea, i.e., universal cooling. The 

consequent pressure drop induces dissociation of this gas hydrate. The 

methane released increases the universal overheating, and causes 

deglaciation. Therefore in this case, methane produced from gas-hydrate 

stores on the outer global margin is assumed to be appear as a significant 

component  in confining the degree of congelation during a arctic period. 

 
(A) 

                                                          

 
(B) 

Figure 1 Diagrams showing how the decomposition of gas hydrate could influence 

arctic periods: (A) Worldwide gas hydrates (favourable environmental feedback 

cycle); (B) Ocean gas hydrates (unfavourable environmental feedback cycle). 

 

One GCM research examined the possible effect of hydrate of methane 

on upcoming global over heating. This survey draw a conclusion that, even 

in the worse-case consideration, the effect on upcoming global heating 

created by gas hydrate would be minor; the insecurity in upcoming  global 

warming created by gas-hydrate destabilization is lower than  insecurity 

created  by  the use of fossil fuel. Figure 1 shows how the decomposition of 

gas hydrate could influence arctic periods: (A) Worldwide gas hydrates 

(favourable environmental feedback cycle); (B) Ocean gas hydrates 

(unfavourable environmental feedback cycle). 
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The possible function of gas hydrate in changing global climate is 

therefore declined due to the probability of faster oxidation of the carbon 

dioxide secreting methane, thereby improving the dissolvability of methane 

carbon in oceanic water. As regards human well-being, whether NGH has a 

function to play in changing global climate is not immediately significant. 

Nonetheless, to be on the off-chance, this will be wise not to do threaten the 

permanence of gas-hydrate by maintaining communal activities which 

improve global overheating in the future. There has been a pledge in the EU 

to minimize the emissions of greenhouse gas by 20% by 2020 compared to 

1990 by growing the share of sustainable energy sources and enhancing 

energy productivity. 
 

7 Applications of Natural Gas Hydrates 

7.1 Solution of the CO2 Emission Problem 

Approximately 64% of the increased greenhouse gas impact is 

attributable to liberation of carbon dioxide; larger than 6Gt/yr of which are 

assigned to anthropic behaviour.Since the greenhouse effect is 

unquestionably accountable for global change, lowering CO2 emissions into 

the environment poses a huge environmental issue. 

There are a range of techniques for trapping CO2 and the greatest portion 

of the charge of a sequestration and storing system is because of isolation and 

contraction of CO2. Most of the powerhouse use air in place of O2 leads to 

exhaust gases with comparatively lower amounts of CO2 (15-19 MOL %) 

and substantial levels of N2. And made it complicated and costly to grab CO2 

as a condensed flow needed in many applications for storing, transformation 

and utilize.The formation of gas hydrate is the framework for extracting CO2 

among the exhaust gases and extracting CO2/H2. These are just the 

framework for eliminating chlorinated hydrocarbons from water based 

solutions which remove H2S from gas mixtures and concentrate water 

effluents. 
 

7.2 Separation of CO2 from Flue Gases 

One experimental method to extract carbon dioxide among the mixture 

of exhaust gas is the technique of NGH crystallisation. For the elimination of 

SOX, exhaust gas from a powerhouse is nourished to a commercially 

desulphurizing facility. The separation of CO2 from N2 has been done when 

pre processing exhaust gas is approved under the first dehydrator. The slurry 

of hydrate is then broken down into a dissociator. The dissociator gas is 

condensed and then transferred to the second dehydrator and after that sent to 

the third hydrator. Kang et al. published data on the formation of equilibrium 

hydrate for a combination of CO2 and N2 with varying relations of each. Such 

informations are beneficial for detachment process scheme[1]. 
 



 

 
 

 

 

 

                       

 

The formation of CO2 N2 hydrate in permeable silica gels and provided 

state charts demonstrating state arrangements. It has been finalized that H 

NMR microimaging dynamic experiments has revealed that the distributed 

water in the silica gel interstitial scheme interacts freely with the gas. 
 

7.3 CO2 /H2 Segragation 

Incorporated gasification-combined cycle (IGCC) powerhouse gasified 

coal that generates compressed hydrogen gas (primarily CO and H2). First, 

hydrogen gas whether usage in a gas tribune accompanied by highly 

concentrated CO2 grab, or reacted to CO2 and H2 with vapour in a shift 

nuclear reactor. 

              CO + H2O → CO2 + H2 

H2 is isolated from CO2 and used for the production of carbon-free 

energy or ammonia (NH3), while CO2 is required for use and storage. For 

several years IGCC powerhouse has now been praised for their relatively 

higher productivity and lower rates of traditional contaminants. A novel 

CO2/H2 separation method proposed to be implemented in these power plants 

through the U.S. The Branch of Energy is based on CO2 hydrate. 
 

7.4 Gas Hydrates used for processing Natural Gas 

Natural gas could be processed as gas hydrate in a safe and reliable 

manner. Storing natural gas as an hydrates would include the hydrate 

formation and regasification thereof.The gas which is captured via hydrate of 

methane being introduced for the storing of natural gas for a few years, 

which has happened due to the capability of hydrates to produce a high 

concentration of gas.The new process includes the manufacture of hydrate, 

the transport to a particular space of use and the reconstruction of gas by 

dissociating the structure of hydrate. In general, the first step is accomplished 

by combining water and gas below conditions of hydrate generation ( 275-

283 K; 8-10 MPa).To rise the rate of synthesis of hydrate, surfactants can be 

included to the solution. A unique experimental way of production involves 

the heating of a solution of particles of ice and natural gas, thus initializing 

crystallization of hydrate. 

In hydrate transport or shipping, the hydrate preservation is crucial to 

avoid loss due to dissociation of the hydrate. During the transport process, 

the hydrates are cooling down  around 258K at aerial pressure to confirm that 

they stabilize while storage in isolated bulk transporters. The hydrates are 

gradually melt down in the final step, releasing gas from the resultant water. 

Grateful to the metastable state of hydrates of methane this storage and 

transport cycle is possible. 
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In addition, the latter appear to exhibit metastable behaviour at 

atmospheric pressure between 193 and 348K. Provided that it is carried out at 

lower pressures and higher temperatures from those needed for immixture 

and pressing, the transport of gas through hydrates supposed to be as   

achievable as these traditional procedures. Therefore, the usage of hydrate 

framework or surfactant developers is currently examined to boost storing 

ability. 
 

8 Conclusion 

Resources and environment are the conditions for human survival, and 

are the foundation of sustainable development for society and the economy. 

The production and use of alternative energy sources must be focused on the 

principle of improving health and being environmentally sustainable. The 

plenty of gas hydrate reserves will potentially turn gas hydrate into an 

achievable option for energy throughout the globe. Such hydrate stores 

contain large quantities of energy assessed to be greater than twice as much 

as the total carbon of fuel, natural gas and oil stores. Efforts are under way to 

build technologies to make some of this resource a reserve. On the other 

hand, NGHs are metastable materials, their temperature and pressure changes 

influence their stability, which can result in the decomposition of solid NGHs 

into water and gases. Breakdown of these naturally occurring hydrates of 

methane gas and liberation of methane into the environment has the ability to 

allow a greenhouse effect to develop. Destabilized sea bed NGHs can cause 

serious geological hazards such as underwater landslides and tsunamis. In 

addition, releasing methane from destabilized NGHs into the environment 

will result in increased potential for global warming, and thus global climate 

change. 

Methane from NGHs has considerable potential as an unconventional but 

renewable source of future energy. Nonetheless, more work is needed to 

future explore NG extraction methods from NGHs in order to develop an 

inexpensive, safe and clean technology. 
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