Mining of Mineral Deposits
ISSN 2415-3443 (Online) | ISSN 2415-3435 (Print)

Journal homepage http://mining.in.ua
Volume 10 (2016), Issue 4, pp. 11-18

UDC 622.324.5 https://doi.org/10.15407/mining10.04.01

METHANE HYDRATES — AUSTRALIAN PERSPECTIVE

P. Koltun', V. Klymenko®*

"Technident Pty. Ltd., Carlton North, Victoria, Australia
The Department of Electrotechnical Systems and Energy Management, Kirovohrad National Technical University, Kirovohrad, Ukraine
*Corresponding author: e-mail klvmvas@ukr.net, tel. +380974862754

TIIPATH METAHY — ABCTPAJIIMCHKA IIEPCIIEKTHUBA

*
I1. Kontyn', B. Kimumenko®

'Komnanis “Technident Pty. Ltd.”, ITienivnuii Kapnmon, Bixmopis, Ascmpanis

2 R . . , . . Lo
Kaqbedpa CNIEKMPOMEXHIYHUX CUCmeM ma eHepeemuinoco MeHedofaweHmy, KlpoeoepaOCbKuu HAYIOHA/IbHUU MEXHIYHUU YHIeepCcumem,

Kiposozepao, Yxpaina
*BionosioanvHuil asmop: e-mail klymvas@ukr.net, tel. +380974862754

ABSTRACT

Purpose. To analyze Australian methane hydrate resources, exploration, and production, its current state and future
potential.

Methods. Analysis of data published in different sources concerned with geological surveys and government reports
related to Australian natural gas reserves, production and consumption of gas in Australia. Analysis of theoretical and
experimental research into methane hydrates properties and prevention of gas hydrate deposits formation in pipes
during production and transportation of natural gas.

Findings. The study of gross figures associated with the present state of gas production in Australia testified that
enough gas is extracted to meet the current needs. Increase in natural gas consumption in future creates good chances
for developing gas production from unconventional deposits, specifically getting methane from gas hydrates depos-
its. While predicting main trends in the efficient exploration and use of methane hydrates resources it is necessary to
consider their possible impact on the environment.

Originality. On the basis of the conducted analysis, the current state of methane hydrates research in Australia is
examined. For its gas industry, it is critical to estimate their reserves and assess methane extraction from gas hydrates
deposits in the near future.

Practical implications. The obtained results can be used to evaluate the investment attractiveness of future explora-
tion of methane hydrates resources in Australia.

Keywords: natural gas, methane hydrates, Australia, gas hydrates deposits, energy resource, environment, hydrate
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1. INTRODUCTION

The energy consumption is growing through the
whole human history with acceleration. The previous
century was highest on energy consumption growth over-
all, as well as per human capita. Over the 20" century, the
population on Earth grew four-fold, exceeding 6.3 billion,
while the energy consumption grew by over an order of
magnitude, from 0.9 billion tons of oil equivalent (TOE)
in 1900 to 10.88billion TOE at the end of 2006
(Makogon, Dunlap, & Holditch, 1997). It is obvious that
modern civilization growth in the future will depend on
numerous factors, but the quality and quantity of energy
used will be one of the most important among them.
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Australia has a unique position to support economic
growth and growing global demand for energy. Nearly
20 cents in every dollar that Australia earns overseas
comes from energy resources and there is potential for
much more (Energy Resource Assessment, 2012). Alt-
hough current trend for energy consumption is focused
on renewable energy, the non-renewable energy re-
sources will also continue to play an important role in
Australia and in the world. These resources are dominat-
ed by the fossil fuels: crude oil, condensate, liquefied
petroleum gas and shale oil; conventional natural gas and
unconventional gas: coal seam gas, tight gas, shale gas,
methane hydrates; black and brown coal, as well as the
nuclear energy fuels — uranium and thorium (potential).
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The stock of non-renewable energy resources is ultimately Australia has a large and diverse energy resource en-
finite, but there is still good potential for discovering new dowment with comparative advantages that enable it to
economically viable reservoirs to replace the resources that play an important role in supplying the rest of the world
are mined or produced, and so ensure future supply. with its energy needs (Table 1).

Table 1. Australian non-renewable energy resources 2012 (Australian Gas Resource Assessment, 2012)

Resource Economic Demonstrated Sub-Economic Demonstrated Resource; Life at Current
Resources (EDR), EJ* Resources (SEDR), EJ* Production Rate, years
Black coal 883.4 1046.5 90
Brown coal 362.0 896.3 490
Crude oil 7.0 8.4 10
Conventional gas 122.1 180.4 63
Unconventional gas 71.0 153.0 130
Uranium 651.3 660.2 140
*] EJ (Exajoule) = 10" J
Australia is currently the world’s largest coal and one deposits in Earth crust is huge. The global methane hy-
of the largest uranium exporters, and is ranked sixth in drate inventory is likely to be in the range of 350000 EJ
terms of LNG exports. The penetration of gas in the (for comparison, the global inventory of all other fossil
Australian energy market is similar to that of the Organi- fuels combined, including coal, is estimated to be in the

zation for Economic Cooperation and Development same order of magnitude as the hydrates inventory alone)
(OECD) countries and world average (Australian Gas (Makogon, Holditch, & Makogon, 2007).
Resource Assessment, 2012).

The conducted research anticipates the significant
changes in the Australian energy market over the next
two decades (Energy Resource Assessment, 2012). The
major factors expected to affect Australian market in-
clude economic and population growth, energy prices,
and costs and developments in alternative energy tech-
nologies. Technology is expected to play a critical role in
the transition toward a lower emissions economy. This
includes technology to improve efficiency in extraction
and use of energy, to reduce costs of cleaner technolo-
gies, and to develop and commercialize new technologies
to access new energy sources. Australia’s total energy
production (including uranium exports), is projected to
increase by 3.2 per cent per year to reach around 35.1 EJ
by 2029 —2030. During this time Australia’s primary
energy consumption is projected to increase by 1.4 per
cent per year to reach around 7.7 EJ by 2029 — 2030. The
primary fuel mix is expected to change significantly,
with the share of coal expected to decline to 23 per cent
by 2029 —2030. In contrast, the share of gas is expected
to rise to 33 per cent and wind to 2 per cent (Energy
Resource Assessment, 2012). Figure 1 shows Australia’s
contemporary primary energy consumption and its pro-
jection by 2029 — 2030.

Australia’s gas resources are large enough to support
projected domestic and export market growth beyond
2030 and are expected to grow further. Gas is a relatively
flexible and clean energy source and is projected to be
the fastest growing fossil fuel over the period to 2030.
Figure 1 shows the expectation to significantly increase
gas share of Australia’s energy production. The global
demand for natural gas is also projected to increase by
1.5 per cent per year to reach 149.1 EJ in 2030 (World
Energy Outlook, 2009).

2. METHANE HYDRATES OCCURRENCE

Methane hydrates are solid crystalline compounds Figure 1. Australia’s primary energy consumption 2007 —

where gas molecules are encaged inside the lat.tlce of ice 2008 (a) and 20292030 (b) (Australian Energy
crystals. The amount of naturals gas trapped in hydrate Projections. .., 2013)
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The amount of such resources could make methane
hydrates deposits to be a substantial future energy source.
The petroleum resource pyramid (McCabe, 1998) illus-
trates how a smaller volume of easy to extract conven-
tional gas and oil is underpinned by larger volumes of
more difficult and more costly to extract unconventional
gas and oil (Fig. 2).

Increased breakeven

Smaller volumas, prica reguirad
easy to develop Increasad technology
requiremants

Largar volumes,
difficult to

Tight Gas
and Shale Gas

Figure 2. Petroleum resource pyramid (McCabe, 1998)

The methane hydrates deposits are more evenly dis-
tributed on the planet than are sources of oil or conven-
tional natural gas. Figure 3 shows known hydrate accu-
mulations and global distribution. Thus, the production
of methane from methane hydrates deposits will be ac-
cessible to many countries.

Figure3.Map of discovered gas-hydrate depositss BSR —
deposit located by seismic refraction (Makogon,
Holditch, & Makogon, 2007)

Some already existing technologies can be used to
find and develop such deposits. However, significant
research and development will be necessary to explore
those deposits in economically viable manner. Also the
ecological aspects of exploring gas hydrates deposits
must be considered. Both the economic and the ecologi-
cal aspects depend upon the development of new tech-
nologies. In addition, it should be noticed, that majority
of methane hydrates are very different in nature, so dif-
ferent technologies may have to be employed.
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Methane hydrates have quite unique properties some
of them bring advantages and some disadvantages for
their use as an energy source.

Methane hydrates (or clathrates) are non-
stoichiometric crystalline solids comprised of methane
gas trapped within the cavities of a rigid “cage-like”
lattice of water molecules (Fig. 4). Van der Waals inter-
actions between the trapped (enclathrated) “guest” mol-
ecule and the surrounding water cage walls stabilize
and support the individual polyhedra forming the hy-
drate lattice and restrict the translational motion of the
guest molecule (Buffett, 2000). Hydrate structures are
classified into three categories based on the geometries
of their constituent water cages and each crystalline
structure contains geometrically distinct water cages
with different size cavities which typically accommo-
date only one guest molecule ranging in diameter from
0.40 — 0.90 nm (Sloan, 2003).

(b)

Figure 4. Small dodecahedral (a) and large tetradecahedral
(b) water cagesfor structurel (sl) hydrates with one
“guest” molecule (methane) occupying each cavity
(Sloan & Koh, 2007)

Structure I (sI) hydrates are the most commonly en-
countered naturally occurring hydrate structure, struc-
tures II (sI) and H (sH) hydrates accommodate larger
guest molecules, typically propane (sII) or combinations
of methane gas and nexohexane or cycloheptane (sH).
For sl hydrates, the unit cell consists of 46 water mole-
cules arranged into two small dodecahedral cages
(Fig. 4), thus, full occupancy, the molar guest to water
ratio for an sI hydrate is 1: 5.75 (Sloan & Koh, 2007).

Methane hydrates deposits form under favourable
thermodynamic conditions. Such conditions occur in
geologic formations with low temperature and high pres-
sure. That is why most methane hydrates deposits have
been discovered in permafrost or in deep ocean sedi-
ments. For example, methane hydrate can be stable from
20nPa to 2 GPa at temperatures from 70 to 350 K
(Makogon, Dunlap, & Holditch, 1997). Figure 5 shows
the phase diagram for methane hydrate formation.

Hydrates possess high acoustic conductivity and low
electrical conductivity, which is used in effective meth-
ods of finding and evaluating methane hydrates deposits.
The experimentally established specific values of the
heat of the formation or decomposition of hydrates of
methane under temperature of melting ice is
18.1 £ 0.3 kJ/mole (Handa & Tse, 1986).
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Figure5. Phase diagram for methane hydrate formation
(Kvenvolden, 1993)

3. NATURAL GAS RESOURCES IN AUSTRALIA

Natural gas is the third largest contributor to Austral-
ia’s primary energy consumption after coal and oil. In
2007 — 2008, gas accounted for 22 per cent of Australia’s
total energy consumption. Australia’s primary gas con-
sumption increased from 74 PJ in 1970 —1971 to 1249 PJ
in 2007 — 2008 (1 Petajoule (PJ)=10151J) — an average
rate of growth of 7.9 per cent per year (Australian Energy
Resource Assessment, 2014).The robust growth in gas
consumption over this period mainly reflects sustained
population growth and strong economic growth, as well
as its competitiveness and government policies to support
its uptake. Total identified gas resources are sufficient to
enable significant expansion in Australia’s domestic and

export production capacity. Australian gas production is
projected to reach 8.5 EJ in 2029 —2030 (Australian
Energy Resource Assessment, 2014).

Natural gas as flexible and relatively clean energy
source is projected to be the fastest growing fossil fuel
over the period to 2030 in Australia. The unconventional
gas resources (coal seam gas (CSG), tight gas, shale gas,
and methane hydrates) mining to this period are project-
ed to account for about 30% per cent of gas total. Loca-
tion of Australian gas resources and gas infrastructure are
shown in Figure 6.

As can be seen from Figure 6, Australia has substantial
gas resources. Unconventional gas onshore basins shown
in Figure 6 mostly belong to CSG and shale gas resources,
offshore — mostly belong to methane hydrates deposits.
Although the true size of Australia’s potential gas re-
sources is unknown and could be significantly larger than
the identified resources the total identified gas resources
are sufficient to enable significant expansion in Australia’s
domestic and export production capacity. Australia’s com-
bined identified gas resources are in the order of 393 EJ
(this is equal to around 180 years of gas at current produc-
tion rates, of which EDR accounts for 67 years) (Australi-
an Energy Resource Assessment, 2014). There is no cur-
rent publicly available resource assessment of Australia’s
undiscovered gas resources that adequately reflects the
knowledge gained in recent years during the active pro-
grams of government pre-competitive data acquisition and
increased company exploration during the resources boom.
Better assessment of Australia’s potential gas resources
would be aided by both more scientific information and
further exploration drilling.

T T T
1

Conventional gas
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Coal 5eam gas
PESOUTCES
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Figure 6. Location of Australian gas resources and gasinfrastructure (Oil and Gas Resources..., 2008)
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The significance of conventional gas resources, as
well as, already developed technology for CSG mining,
represent obstacles for utilization of methane hydrates
resources in Australia as methane hydrates deposits and
natural gas extraction from those deposits required further
investigations. Currently, in spite of substantial methane
hydrates deposits in the world only three of them came
into production stage, two of them onshore within the
permafrost area: Mallik (Canada) and Messoyaha (Rus-
sia) and only one offshore: Nankai (Japan) (Figure 3).

4. METHANE HYDRATES AS A PART OF
NATURAL GAS SOURCE IN AUSTRALIA

Although, methane hydrates is a solid substance it
can be mined as coal. Now it is not efficient to mine
methane hydrate in Australia because it is contained in
geologic layers at the bottom of the ocean. The produc-
tion of methane hydrates means dissociating methane
hydrate in the layers and collecting the resultant methane
gas through wells and production systems. To dissociate
methane hydrate that is stable at low temperature and
under high pressure, the temperature should be increased
or pressure should be decreased. Therefore, the operation
of the “increasing temperature” or “decreasing pressure”
of layers bearing methane hydrate is the actual way of
the production of methane from hydrates.

The future of methane hydrates resources exploration
and development in Australia largely depends upon price of
gas, as it requires significant investments. Accessing gas
found in deeper waters in a commercially viable manner
brings a need for greater efficiencies — the application of
world-leading subsea technologies, the design of equipment
that is compact and energy efficient, and the utilization of
optimum processing and low emissions technologies.

Australian gas producers have typically faced different
prices for domestic and export gas. Domestic prices have
historically been much lower than international prices, alt-
hough domestic gas prices have been rising in recent years.
Australian gas prices have historically been relatively stable
because of provisions in long term contracts that include a
defined base price that is periodically adjusted to reflect
changes in the consumer price index (CPI). In addition,
prices have been capped by the price of coal (a major com-
petitor for use in electricity generation). When economic
conditions are favourable, it does not take a lot of time to
develop gas producing projects in Australia (Figure 7).

0-5 yaars \
46% Y

=25 years T
2%

510 yaars
23%

Figure 7. Development time for gas producing projects in
Australia (Oil and Gas Resources..., 2008)
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Nowadays in Australia, there is no mining of methane
hydrates deposits, although the exploration and only test
works are conducted. The technology used for those
works is mirroring the operations similar to the rapid
development of unconventional gas resources in North
America in the 90’s that transformed the continent. Such
capabilities now shifted to focus on producing the vast
known resources of methane hydrates profitably. Innova-
tion, similar to what took place in regard to unconven-
tional CSG resources, will be the major factor in closing
the gap to achieve profitable commercial recovery. Prof-
itability is a requirement that plays to the strengths of the
experienced innovators. Experience is the key: lessons
learned by pioneering recovery of CSG in Australia
should be directly translated to meet challenges of un-
locking methane hydrates deposits. An important focus
of increasing profitability of developing gas hydrate
deposits can be mining methane gas hydrate in cycles of
technological installations using OTEC (ocean thermal
energy conversion) for production of electricity and fresh
water (Denysov & Klymenko, 2016).

The additional support for utilization of methane hy-
drates deposits was given at the meeting of Indian Ocean
Rim Association (IORA) in year 2014 where the “Blue
Economy” was launched. The Ministers Meeting came to
the conclusion that the Indian Ocean has enormous po-
tential for harnessing “Blue Economy” resources, part of
which is methane hydrates deposits (Figure 3) and that
the “Blue Economy” concept has the potential to act as a
key catalyst for sustainable development through the
Indo-Pacific region (Blue Economy, 2014).

Apart from economic problems for the development
of methane hydrates deposits in Australia there are some
environmental concerns specifically in regard to climate
change. Due to methane lower concentration in the at-
mosphere than carbon dioxide, the infrared absorption
bands of methane are less saturated and therefore me-
thane is a more powerful greenhouse gas. Methane has
25 times more potent greenhouse gas effect than carbon
dioxide (Climate Change, 2007). Thus, development of
methane hydrates deposits could have a significant effect
on the climate if methane escapes into the atmosphere.
As a result, there is concern over any uncontrolled re-
lease of methane from hydrate formations. Methane
hydrates are particularly fragile: the sediment in which
they are located is inherently unstable once removed
from the high pressures and low temperatures of the deep
sea. Any dissociation can result in leakage and extraction
will be inefficient. Additionally, the role that methane
hydrates play in stabilizing the seafloor should be better
understood. For example, drilling deep into oceanic depos-
its could affect both marine life and the seabed, potentially
causing sediment to slide down the continental slope.

On the other hand, cleaner-burning gas from hydrates
may help to displace coal consumption in Australia driving
coal out of the Australian electricity markets. This scenario
could potentially yield climate benefits and cleaner air —
assuming the displaced coal stays in the ground. There-
fore, modest leakage rates from mining methane hydrates
will not destroy potential climate benefit of burning hy-
drates instead of coal. Methane hydrate deposits seem
intrinsically vulnerable and tend to melt and release me-
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thane. As it floats in water, so the only factor holding it is
a high pressure. A few degrees of warming in the deep
ocean can have a significant impact on the stability of the
hydrate, and it is known that the temperature of the deep
ocean responds to changes in surface climate, albeit with a
lag of centuries to millennia. Hence, there are concerns
that climate change could trigger significant methane
releases from hydrates and thus could lead to strong posi-
tive carbon climate feedbacks (Schiermeier, 2008).

As potential ecological and environmental risks are al-
ready being flagged, the considerable rewards of releasing
methane from methane hydrate fields must therefore be
balanced with risks. Therefore, more research may be
required to determine the likelihood of such risks material-
izing and whether there are ways of mitigating them. The
framework of risk assessment for environmental impacts
from mining methane hydrates suggested by (Vulnerabil-
ity and Opportunity..., 2008) is presented in Figure 8.

Figure 8. Framework of risk assessment of large scale
impacts on environment

The topics that also require further study include:

1) potential ground subsidence associated with
production;

2) disposal of produced water.

Any oil and gas activity in each proposed development
must also consider disruption of sensitive ecosystems.

In addition to economic and environmental dimen-
sions in sustainability paradigm should be evaluated a
social dimension for establishment methane hydrates
industry in Australia, as well. The contribution of me-
thane hydrates to the social and developments goals will
depend on regions and community development rich in
methane hydrates deposits in Australia, their methane
hydrate endowment, and human capital endowments.
Each of those geographic regions should determine
where methane hydrates fit in larger development
framework and whether extraction, processing and mar-
keting of natural gas from methane hydrates provides a
net advance in achieving its goals or if investments in
alternative technologies and/or alternative sources of
revenue. Figure 9 depicts the notion of community well-
being groups in the six areas (domains).

Except using methane hydrates as energy resource
there are some features of methane hydrates which make
them undesirable and need a proper attention. When
drilling in oil- and gas-bearing formations submerged in
deep water, the reservoir gas may flow into the well bore
and form methane hydrates owing to the low temperatures
and high pressures found during deep water drilling.
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Figure 9. Public acceptance: community wellbeing domains
(Walton, McCrea, & Leonard, 2014)

The methane hydrates may then flow upward with
drilling mud or other discharged fluids. Those methane
hydrates are hindrances in deep water oil and gas pipe-
lines. These conditions may also occur with the decrease
of pressure across the choke and as the gas cools along
the various flow lines and pipelines and/or as a result of
other operating, shut-down and transient conditions. The
resulting hydrates can adversely affect the normal opera-
tion of equipment and so must be prevented. The precau-
tions measures must be taken to reduce such hydrates
formation. Methane hydrates formation in described con-
ditions has a proper attention within gas and oil industry
in Australia. The high research capability has also been
established in Australia to investigate this phenomenon by
collaborating together by leading government research
agency, Commonwealth Science and Research Organisa-
tion (CSIRO) and University of Western Australia
(UWA). They developed methane hydrate flow loop
(Hytra Loop) to study hydrate behaviour in gas-dominant
flows. This unique experimental equipment is used to
quantify the rate of hydrate build up in pipelines (Fig. 10).

Figure 10. Layout of the experimental the hydrate flow loop
(Commonwealth Scientific..., 2013)

Conducting research is delivering advanced
knowledge of methane hydrate formation and evolution
in gas-dominant flows, to improve the design and opera-
tion of offshore gas production pipelines using data col-
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lected from the experiments, as well as theoretical mod-
els of hydrate dynamics within pipelines. The experi-
ments will allow researchers to investigate methods to
prevent flow disruptions in subsea pipelines, particularly
blockages from methane hydrate crystals which form at
high pressure and low temperature.

Now Australian gas industry is using hydrate inhibi-
tors to prevent hydrates formation in pipelines. Currently
mono-ethylene glycol (MEQG) is preferred hydrate inhibi-
tor, which is store in gas processing facilities and
pumped to the dedicated lines and flows back with the
gas steam through feed gas pipelines. Recently proposed
gas by Chevron Australia Pty Ltd gas processing facility
on Barrow Island to make liquefied natural gas will have
a special hydrate inhibitor recovery system (Report and
recommendations..., 2009). The system uses MEG (plus
salt and other water soluble chemicals) from the bottom
of the three phase separator will be directed to the hy-
drate inhibitor recovery (HIR) package. This package
will heat the liquids to vaporize the water, thus concen-
trating the MEG, so it is suitable for re-use.

5. CONCLUSIONS

To understand both vulnerability and opportunity of
methane hydrates in Australia, it is necessary to improve
existing estimates of hydrate occurrences, their geo-
graphical distribution and depth profile. In addition,
dynamics of the hydrates inventory under changing envi-
ronmental conditions, mainly pressure and temperature,
need to be better understood, particularly the sensitivity
of deep ocean temperature to surface climate change and
temperature transfer into the deposits. Methane hydrates
may offer a great opportunity as an energy source in
Australia, but at the same time can become an important
driver of climate change from destabilization due to
global warming. A key development to avoid unintended
climate effects will be to integrate policies of energy
security and climate change. Taking this integration one
step further would be a “preventive exploitation” of dis-
sociating methane hydrates and thus prevent escape of
methane to the atmosphere while providing a high quali-
ty fuel. Therefore, development of new technologies
should accompany that of hydrate extraction technolo-
gies to clear the way for methane hydrates to become a
“bridge fuel” towards a low carbon future. Those tech-
nologies may be easier to develop and deploy than other
alternatives in Australia as they can be built on existing
infrastructure and partly developed and deployed tech-
nologies. An integrative approach that is addressing all
dimensions of sustainability (economic, environmental,
and social) for methane hydrates is needed to avoid nega-
tive side effects of their deployment.
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ABSTRACT (IN UKRAINIAN)

MeTa. AHaii3 aBcTpalificbkuX pecypciB TifjpaTy MeTaHy, IOTOYHOTO CTaHy PO3BIIKHM TiJpaTHUX MOKJIAJIB i MOTEH-
LiaJIbHUX TEPCIIEKTHB X PO3po0KH y Mail0yTHHOMY.

MeToanka. AHaJIITHYHE BUBUYEHHS JIaHMX, ONMYOJIIKOBaHMX y PI3HHX JDKEpenax AaHUX I'eOoJIOTIYHUX IIOIIYKIB Ta
YPSIOBHX 3BITIB, ITOB’3aHKX i3 aBCTPAJIIHCHKUMH 3arlacaMy MPUPOIHOTO Ta3y, BHIOOYTKOM 1 CHOXHMBAaHHSM ra3y B
ABcTpaiii. AHaii3 TEOPETHYHHX Ta €KCIIEPUMEHTAIBHHUX JOCIIKEHb BIIACTUBOCTEH TipaTiB MeTaHy, IONEePEKEHHS
BIJIKJIJICHHA Ta30TiApaTiB y TpyOax npu BUA0OyBaHHI i TpaHCIIOPTYBaHHI IPUPOIHOTO Tasy.

Pe3ysabTaTH. AHaJi3 BaJIOBUX MOKA3HUKIB CYYacHOTO CTaHY BHIOOYTKY IMPHUPOJHOTO Ta3y MOKa3aB, IO HOTo 100Y-
BAETHCS JIOCTATHBO JUIA 3a0€3MEeUCHHS MMOTOYHHUX MOTPed CHOXKMBaHHSA B ABCTpasii. 3pOCTaHHS CHOXKMBAHHS IPHPO-
HOTO a3y B MaiOyTHbOMY BH3HA4a€ MEPCIEKTHBY BUKOPUCTAHHS ra3y 3 HETpaAWLIHHUX MOKIAiB, 30KpeMa METaHy i3
MOKJIaAiB ra3oBuX rifpatis. [Ipy mporHo3yBaHHI OCHOBHMX HANpAMKIB €(EeKTHBHOTO IOCIHIi/KEHHS H BUKOPUCTaHHSI
pecypciB rigpariB MeTaHy HeoOXiHO BpaxOBYBaTH iX MOXKJIMBHI BIUIUB Ha HABKOJIMIIIHE CEPEHOBHILE.

HaykoBa HoBM3Ha. Ha mizcraBi mpoBeAeHOro aHali3y ONMCAHO MOTOYHMI CTaH JOCHIIKEHHS TifpaTiB METaHy B
ABcCTpaiii, mokasaHa BayKJIMBICTb JJIsl Ta30BOT IIPOMMCIIOBOCTI YTOUHEHHS Y HAWOIMKIOMY MaiOyTHBOMY iX 3araciB Ta
BUI00YTKY METaHy i3 ra3oriJjpaTHUX IOKJI/IiB.

MpaxkTuuna 3naunmicTs. [IpeacrasneHi pe3ynbraTi MOXYTh OyTH BUKOPHCTaHI JUIsl OLIIHKK 1HBECTHLIHHOI mpH-
BabJIMBOCTI MallOyTHBOI PO3BIIKK pecypciB ripaTiB MeTaHy B ABCTpaJlii.

KurouoBi cioBa: npupoonuii eas, eiopamu memary, Aecmpanis, 2azo2iopamui HOKIAOU, eHepeemuyHi pecypcu,
HABKOIUWHE cepedosuye, iH2IOimopu 2i0pamoymeopenHs

ABSTRACT (IN RUSSIAN)

eab. AHanu3 aBcTpalnMCKUX PECYPCOB TMApaTa MeTaHa, TEKYLIEro COCTOSHUS Pa3BEIKU TMAPATHBIX 3aJEKed U
MOTEHLIMAIIBHBIX NIEPCHEKTUB UX Pa3pabOTKU B OyAyIIEeM.

MeToanka. AHaINTHYIECKOE U3YUCHUE NAHHBIX, OMYOJMKOBAHHBIX B PAa3JIMUHBIX UCTOYHMKAX JAHHBIX T'€0JIOTHYE-
CKHUX M3BICKaHUH U MPABUTEIBCTBEHHBIX OTYETOB, CBSI3aHHBIX C aBCTPATMICKUMH 3allacaMy MPUPOTHOTO rasa, 1o0brdei
U 1IoTpeOiieHreM raza B ABCTpaiuu. AHaIN3 TEOPETHYECKUX U HKCIIEPUMEHTAIIBHBIX UCCIIEJOBAaHUN CBOMCTB I'MIPATOB
MeTaHa, PeIyNPEKICHUs OTI0KEHUH ra30rupaToB B TpyOax rnpu 100b4e 1 TPaHCIIOPTUPOBKE MPUPOTHOTO ra3a.

Pe3yabTaThl. AHaNIN3 BAJIOBBIX ITOKa3aTeleil COBPEMEHHOTO COCTOSHHUS TOOBIYM TPUPOHOTO ra3a MoKa3all, YTo ero
JOOBIBaeTCS JOCTATOYHO s oOecrieueHnst TEKyIUX MoTpedHocTeit B ABctpanuu. Poct norpebieHns mpupoaHoro rasa
B OyayleM OmIpeaenseT MEepCleKTUBY HMCIOJIb30BaHUS ra3a W3 HETPAJAUIMOHHBIX 3ajeXel, B YaCTHOCTH MeTaHa U3
3aj1exell Ta30BbIX THAparoB. [Ipy NpOrHO3MPOBaHNM OCHOBHBIX HalrpaBiIeHHH 3 QEKTUBHOTO UCCIIEIOBAHMS U HCIIOIb-
30BaHMS PECYpPCOB THAPATOB METaHa HEOOXOIMMO YUUTHIBATH HX BO3MOXKHOE BIIMSIHUE HAa OKPYXKAIOLIYIO CPELy.

Hayuynas HoBU3HA. Ha ocHOBaHMYM IIPOBEJEHHOTO aHAIN3a OMMCAHO TEKYIEEe COCTOSIHUE MCCIIEIOBaHUS THIPATOB
MeTaHa B ABCTpaJiiM, MOKa3aHa Ba)XHOCTH AJISI Ta30BOM MPOMBIIUICHHOCTH YTOYHEHHS B OnipKaimieM Oynyiiem ux
3aracoB U 100BIYM METaHa U3 Fa30TUAPATHBIX 3AJIEKEH.

IIpakTHUyecKkasi 3HAYUMOCTD. [IpefcTaBiIeHHbIe Pe3yabTaThl MOTYT OBITH MCIIOJIB30BAHBI ISl OLICHKH WHBECTHIIU-
OHHOM MPUBIEKATEIHLHOCTH OyAYIIEeH pa3Be/Iku PECYPCOB FHAPATOB MEeTaHa B ABCTpauH.

KiroueBble c10Ba: npupoousiil 2as, 2udpamvl mMemana, Aecmpanus, 2azo2uopamuvle 3anexcu, dHepeemuiecKue
pecypcul, OKpysHcaiowas cpeod, uHsubumopvl 2u0pamooopaszoeanus
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