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ABSTRACT

The decrease in conventional energy sources followed by
the world's energy demand as well as mounting concern
about climate change, the countries are competing to get
new sources of environmentally friendly energy with
large reserves. The utilization of CBM as a new energy is
an option because of its huge reserves, more
environmentally friendly than traditional fossil energy
(CBM emissions are 0.39 tones/MWh) and energy
efficiency equivalent to natural gas. Indonesia has huge
CBM reserves (400 TCF) but has not been utilize
optimally due to technological problems, government
regulations, large investments and others. This issues
plus geographical constraints also occurs in countries
with huge CBMs resource such as Russia (450 TCF) and
China (700 TCF). Meanwhile, USA (500 TCF) and
Australia (500 TCF) already have more established rules
and technology. It is necessary to conduct a comparative
study from each country according to the applicable
regulations to accelerate the utilization of CBM.

KEYWORDS: Coalbed Methane, World’s energy Demand,
Enviromental Issues, Accelerate CBM Utilization.

CBM Coalbed Methane

CSG Coal Seam Gas

CSM Coal Seam Methane

CDIAC Carbon Dioxide Information Analysis Center
CTG Coal To Gas

SNG Synthetic Natural Gas

BTU British Thermal Unit

MCF Million Cubic Feet

BCF Billion Cubic Feet

MWh Mega-Watt Hours

TCF Trilion Cubic Feet

TCM Trilion Cubic Meter

KWH Kilo-Watt Hours

Mmscfd Million Standard Cubic Feet per Day
MW Mega-Watt

GW Giga-Watt

SCF/ton Standard Cubic Foot Per Ton
MCM/Year Million Cubic Meters (MCM)/Year
BCM Bank Cubic Meter

PJ Penta-Joule

MTOE Million or Mega Tonnes of Oil Equivalent
RE Renewable Energy

VRE Variable Renewable Energy

HSD High Speed Diesel

KEN Kebijakan Energi Nasional

USGS United States Geological Survey

ARI Advanced Resouces International
IRENA International Renewable Energy Agency
ESDM Energi Sumber Daya Mineral

IRR Internal Rate of Return

POD Plan Of Development

1.0 INTRODUCTION

In recent years, the exhaustion of fossil fuels, such as coal,
natural gas , and oil, has become a global concern [1]. As
shown in table 1, the fossil fuel reserves such as natural
gas, coal and oil in several countries in the world are
decreasing. Thus, replace fossil fuels with new and renewable
energy is very important.

A non-conventional energy such as a new and renewable
energy will be attractive and economical if it can meet 3
current energy crises namely affordability of energy sources
(affordability), security of energy use (energy security) and
sustainability and environmental friendliness (Environmental
sustainability) [2].
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Table 1: Fossil energy reserves in the world and the remaining extraction life [3]

Coal Natural Gas Crude Oil
Proved U of Year of Year of Proved Reserve, Year of
Reserve, mlm  world Extraction Proved ¥ of world Extraction Thousand Mln ¥ of world Extraction
- Reserve, Tem  reserves .. FESErTves .
tonnes reserves R g R g Barrels R g
World 1.035.012 100 134 World 1.033.012 100 134 Werld 1.728 100 ) |
Anstralia 144818 14 297 Australia 144818 14 297 Anstralia 2 0 19
China 138.819 13 39 Erunsi 138.819 13 39 Brunsi 1 0 27
India 97.728 9 137 Eangladesh 97.728 9 137 China 26 2 18
Indonesia 22598 2 49 China 22.598 2 49 India 3 0 14
Mongolia 2520 0 ) | India 2.520 0 ) | Indonesia 3 0 10
Thailand 1.063 0 63 Indonesia 1.063 0 63 Malaysia 3 0 11
Vietnam 3360 0 87 Muialaysia 3.360 0 87 Thailand 0 2
Japan 350 1 252 Myanmar 350 1 252 Vietnam 4 o 42
New Zealand 1575 0 2395 Papua New Guinea 1373 0 2393 Other Asia Pacific 1 0 12
Pakistan 3.063 0 733
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Figure 1: Energy development in the world [4]
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Figure 2: Comparison of CO2 emissions by fossil fuels in the world [5]
Coal and oil as energy sources that have been use continuously carried out.
in the 1880-1900 periods as shown in Figure 1 and 2 are Coal bed methane (CBM) is one of the new and
energy with a very significant level of development and renewable energies that can meet the criteria for new
the largest emitter in the world today. Therefore, and renewable energy issues such as large reserves,
several efforts have been made to divert the use of meeting economic factors regarding exploration and
fossil energy, especially in oil and coal, which are production [3].
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Methane is the simplest gaseous hydrocarbon with the
chemical formula CHa. As the main component of natural gas,
methane is the primary energy source. The combustion of one
molecule of methane with oxygen will release one molecule
of COz (carbon dioxide) and two molecules of H20 (water)
(CHa4 + 202 — CO2 + 2H20) [6].

The concentration of methane in the atmosphere in 1998,
expressed as a mole fraction, was 1,745 nmol/mol (parts per
billion), up from 700 nmol/mol in 1750. By 2008, the content
of methane gas in the atmosphere had increased again to
1,800 nmol/ mole [7, 8].

Methane in the earth's atmosphere is one of the main
greenhouse gases (affecting the ozone layer depletion), with a
global warming potential 25 times greater than CO2. This
means that the impact of methane emissions is 25 times
greater than carbon dioxide emissions of the same amount
over a 100-year period. Methane has a large effect in the
short-term period (“life" time 8.4 years in the atmosphere),
while carbon dioxide has a small effect in the long-term
period (more than 100 years) [9, 10]. The concentration of
methane in the atmosphere has increased 150% from 1750
and accounts for 20% of the radiation effect produced by
greenhouse gases globally [9]. Methane produced from
landfills will be burned to produce CO2 instead of methane,
because this gas is more dangerous for ozone. Recently,
methane that has been released into the environment on a
large scale comes from the process of coal mining activities in
which methane from coal deposits is released into the air
during the coal mining activities [11].

Methane is one of the important fuels in generating
electricity, by burning it in gas turbines or steam generators.
When compared to other conventional fossil fuels, burning
methane produces less carbon dioxide for each unit of heat
produced. The heat of combustion produced by methane is
891 kJ/mol [12]. This amount of heat is less than that of other
hydrocarbon fuels, but if you look at the ratio between the
heat produced and the molecular mass of methane (16 g/mol),
then methane will produce more heat per unit mass (55.7
kJ/mol) [13, 14] than other hydrocarbons. Methane that pipes
into people's homes is known as natural gas which is used for
cooking and heating. Methane has an energy content of 39
mega joules per cubic meter, or 1,000 BTU per standard cubic
foot [13].

Coal bed methane (CBM) is a form of natural gas
methane found in coal deposits. In a geographical location
containing coal accumulation, there is a coal deposit
(porosity) or coal seam where gas is formed during the natural
conversion of plant into coal or known as coalification [15].
In this process, coal becomes saturated with water and
methane gas is trapped within it. This methane gas is adsorbed
in the coal and with a decrease in pressure (reaching
saturation pressure) the gas will come out through the pore
spaces of the rock. CBM as non-conventional natural gas has
reservoir characteristics that are different from conventional
natural gas so that the concept of natural gas production
cannot be applied directly [16]. This difference in
characteristics has caused CBM to not be in demand in recent
years because it is considered a dangerous gas and unsafe for
mining. At present, according to the demands of a sustainable
environment and large reserves, the negative paradigm of
CBM has changed because it is clean energy according to the
concept of green-house gas and resource reserves that are very
economical to exploit [13].

Coal Seam
(CBM)

Natural Gas
(Oil Gas Reserves

o Natural Gas

(Gas Reserves)

Figure 3: CBM Depth versus Gas- Conventional [20]

The composition of CBM in coal varies widely in
different locations, but generally consists of methane gas
(CH4) and small amounts of ethane (Cz2Hs), carbon dioxide
(CO2) and water (H20) [16]. CBM is a sweet gas that does not
contain hydrogen sulfide (H2S) so it is more environmentally
friendly than other conventional energies [18].

The position of the CBM layer which is relatively
shallower than other conventional gases also provides
convenience in the exploitation process but it is considered to
have an impact on climate change since in the exploration
process large quantities of water are pumped from the coal
seam to reduce hydrostatic pressure and reach saturation
pressure [19].

The development of CBM extraction technology was first
carried out in Alamabama and Southern Colorado in the late
1980s. The production stages are simple (Figure 2. CBM
production process) as follows [21]:

1. Dewatering Stage: CBM is produced in smaller
quantities than the co-produced water in order to obtain
mechanical equilibrium and reduce pressure [13].

2. Stabil Stage: At this stage, the pressure in the reservoir
will decrease so that the gas produced will increase and
the amount of water produced will decrease.

3. Decline Stage: The stage of decreasing gas production
with the amount of water produced is also low.

From the three stages of CBM production above, the
initial capital costs for CBM production are greater than the
operational costs of natural gas production, because the CBM
dewatering process takes longer than the natural gas
dewatering process. This causes in a period of 5-7 years,
CBM operations will require large costs compared to
conventional gas which only takes 1 year. Where peak
production will occur in a period of 2 to 7 years and the length
of the production period in the range of 10 to 20 years is
shorter than natural gas which can reach 30 to 40 years [22].
After passing the dewatering stage, CBM production
operating costs will be 0.03 US$/MCF cheaper compared to
natural gas production costs [23]. This is a challenge in itself
to find a new method so that the dewatering step can be more
cost-effective.
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Figure 4: CBM Production Facility and dewatering process
[24]

In Figure 2 of the CBM production facility above, the
flow pipe from the production well carries water to the
storage tank and gas with a compressor to the gas processing
unit.

The water that is also produced is managed in accordance
with environmental regulations and water resources and can
then be used in coal preparation plants to separate the prytic
sulfur content so that coal with high sulfur levels can meet the
quality used in modern power plants, savings on generating
facilities that must have exhaust gas desulfurization units
(srubbers) whose function is to scrub sulfur out of the smoke
from coal-burning boilers.

These coal mines are usually located very close to the
CBM well area so that the production process and conversion
of coal into electricity will be more cost-effective as well as
overcome problems in the CBM dewatering process which is
expensive and has the potential to damage the environment if
not treated properly [25, 26].

From Table 1 comparison of thermal efficiency and CO2
emissions, conventional natural gas has the same utilization
characteristics as CBM, so it can be concluded that CBM can
be used to replace conventional natural gas consumption as
fuel for power plants.
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Figure 5: CBM production curve and Dewaterization [24]

Table 2: Thermal Efficiency and CO2 Emissions at generators
with different fuels [27]

Power Generation — Fuel Thermal CO2 Emissions
Type Efficiency (%)  (tonnes/MWh)

Combined Cycle - 48 - 55 0,39

Natural Gas or CBM

Thermal — Natural Gas 38 0,49

or CBM

Thermal — Black Coal 35 0,93

Thermal — Brown Coal 29 1,23

CBM from the coal reservoir will be pumped using an
artificial lift where the water produced will be cleaned at the
water treatment plant while methane gas will be collected at
the Gas Collection Point (GCP) for further processing through
the gas separator unit and compressed in the gas compression
unit, clean methane gas and compressed will be sent to the
power plant to fuel the gas generator [28, 29].

The depth of CBM contained by coal seams is different in
each region, thus affecting the extraction process and CBM
production as shown in Figure 6.

China United India
States

Awstralia Indonesia Russia South

= > 600 m
= 300-600 m
m 100-300 m
mO0-100 m

Africa

Figure 6: Depth of CBM in some countries [4]
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2.0 METHODOLOGY

This paper is a review of the utilization of CBM in Indonesia,
Russia, the United States, Australia and China. Where the
selection of countries to be discussed was seen in terms of the
potential for CBM reserves in the world and the progress of
CBM processing technology that has been implemented in
those countries.

The data used were official data issued by relevant
ministries in these countries, prospects for the world's energy
transition, statistical data for companies engaged in energy,
and several journals related to CBM and its utilization.

By comparing the constraints on exploration, production and
utilization of CBM as a new source of energy, it is hoped that
the existing problems related to CBM can be resolved
immediately and the acceleration of CBM utilization can be

3. Economic growth in Asia-Pacific has led to increase
energy demand in the region, with China, India and
Indonesia as the main contributors. Companies are
attracted to invest in this region due to the large amount of
unproven Coal Methane reserves in these countries [30].

There will be an increase in electricity demand by 3 times
from 2018 with a plan to utilize renewable energy of 90% of
the total world energy supply [31].

CBM is predicted to contribute 40.6% of the world's total
electrical energy demand by 2050 [32]. With the total amount
of on-site CBM reserves worldwide estimated to be between
3,500 and 95,000 Tcf (100 and 272 trillion m3), CBM is
considered one of the largest fossil fuel sources in the world
[33].

Table 3: CBM reserves in the world [33]

carried out.

3.0. DATA ANALYSIS AND DISCUSSION

The Coal Bed Methane market has experienced healthy
growth in recent years, and is expected to continue to grow
due to the following factors [30]:

1. The emission of methane fuel is much lower than that
produced from conventional fuels and coal mining, thus
supporting the global green-house resolution program
[13].

2. The increasing demand for sustainable fuels so that CBM
is used to reduce dependence on conventional natural gas
sources is expected to be the main driver of the North

NO COUNTRY CBM potential
1 Russia 450-2.000 TCF
2 China 700-1.270 TCF
3 United States 500-1.500 TCF
4 Australia/New Zealand 500-1.000 TCF
5 Canada 360 — 460 TCF
6 Indonesia 400 - 453 TCF
7 South Africa 90 - 220 TCF
8 Western Europe 200 TCF
9 Ukraine 170 TCF
10 Turkey 50 - 110 TCF
11 India 70-90 TCF
12 Kazakhstan 40 - 60 TCF
13 South America/Mexico 50 TCF
14 Poland 20-50 TCF

American market. Governments in various countries
provide tax incentives to companies conducting these
operations with the aim of increasing the energy mix used,
which is again a big driving factor. The price of CBM is
also lower than the price of other non-conventional
natural gas, thereby increasing its market attractiveness
[30].

In addition, developing countries are trying to get carbon
credits by diverting interest in using CBM for electricity
generation because CBM-fired power plants convert methane
into water and carbon dioxide (CO2) and further reduce
greenhouse gas emissions significantly [34].
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Figure 7: Countries share of CO2 Emissions [33]
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Increasing demand for CBM energy has caused countries
in the world to compete to find CBM resources and improve
CBM processing technology. Each country has constraints
and challenges for the exploration and production of CBM, so
it is necessary to conduct a comparative review to accelerate
the utilization of CBM, especially in Indonesia [35].

Industrial

Power Generation
Residential
Commercial

Transportation

Figure 8: Utilization of CBM in the World [30]

The utilization of CBM is currently still dominated by
power plants (38%), industry (30%), housing (18%),
commercial (12%) and the remaining 2% for transportation in
big cities of developed countries [30].

3.1 Coal Bed Methane in Indonesia

Energy consumption which always rises every year in
Indonesia is not balanced with sufficient energy supply so that
there is an imbalance in the energy where Indonesia is still
very dependent on fossil energy (hydrocarbons) by 96%
consisting of petroleum 48%, gas 18% and coal 30 % [36].
Meanwhile, for power plants, the demand for fossil fuels is
64%, consisting of 56% Coal, 6% Oil and 2% Gas. The
demand for gas in Indonesia in 2025 according to the gas
balance in the National Gas Road Map published by the
Ministry of Energy and Mineral Resources is estimated at
20% of the National Energy Mix (8248 BBTUD), while
production is currently experiencing a decline so it is
necessary to accelerate the utilization of New Energy [37].

e B I
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Figure 9: Indonesia's primary energy development [36]
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Figure 10: Indonesia's elect

ricity production by energy type [36]

JOMAse | Received: 01-June-2021 | Accepted: 30-July-2021 | [(65) 2: 40-60]
Published by International Society of Ocean, Mechanical and Aerospace Scientists and Engineers, www.isomase.org., ISSN: 2354-7065 & e-ISSN: 2527-6085




@ ISOMAse

Journal of Ocean, Mechanical and Aerospace
-Science and Engineering-

July 30, 2021

30th July 2021. Vol 65 No 2
© 2012 ISOMAse, All rights reserved

Pursuant to the Indonesian Government Regulation (PP)
Number 79 of 2014, it is stated that new energy is energy that
comes from new sources of energy or from clean energy or
even fossil energy but is produced by new technology.

This regulation is in line with research conducted in 2003
regarding methane gas and is set forth in the form of a pilot
project of 5 (five) Coal Bed Methane (CBM) test wells in
Rambutan Field, Muara Enim Regency, South Sumatra with a
depth of 600-1000 meters using the artificial lift method.
using a sucker rod pump (SRP) with the conclusion that the
overall potential of these 5 wells is 5.5 x 106 MSCF and can
be produced for 20 years with a daily maximum capacity of

resource assessment which estimates the potential for CBM in
Indonesia to be 453 TCF spread over 11 coal basins (basins),
one of which is the South Sumatra basin of 180 TCF. In 2004,
the drilling of the first CBM well in Indonesia was started. In
line with that, an environmental feasibility study and a draft
Ministerial Decree on CBM were carried out. In 2005-2006
period, 4 CBM wells were drilled with a depth of 600-1000
meters with the results of the test wells in accordance with the
assessment that has been carried out so that in 2006 the
Minister of Energy and Mineral Resources Regulation No. 33
of 2006 concerning Coal Methane Concession (CBM) was
issued based on the results of a CBM regulation which started

1120 MSCF/day [38]. in 2003 [37].
This testing stage is based on the results of the 2003 CBM
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Figure 11: CBM exploration in Indonesia [35].

Tabel 4 : CBM Potential Basin Map in Indonesia [39]

Kertanegara Regency, East Kalimantan, where with the use of

CBM, the price of electricity can be reduced to IDR 1150/kwh

compared to the use of diesel fuel of IDR 2700/kwh [40]. To
generate 1 MW of electricity, 0.25 mmscfd of CBM is needed
with an investment cost for a gas engine of US$ 1
million/MW [40].

CBM contained in Indonesian coal has the characteristics
of lignite rank (carbon content 40-55 percent)-anthracite
(carbon content 86-98 percent, moisture content 8 percent),
with a layer thickness of tens of meters in one layer formation
and potential CBM at a depth of 300 -1000 meters with an
average methane content of 100 scf/ton in the seam. To
support the development of CBM, the government through the

Basin Potential (TCF)
Central Sumatera 52,5
Ombilin 0,5
South Sumatera 183,0
Bengkulu 3,6
Jatibarang 0,8
North Tarakan 17,5
Berau 8,4
Kutai 80,4
Barito 101,6
Pasir/Asem 3,0
Southwest Sulawesi 2,0
TOTAL 453,3

Minister of Energy and Mineral Resources has issued a road
map of CBM development in Indonesia until 2025 (figure 12)

Figure 11 shows a map of a basin with a very large CBM
potential in Indonesia with a total of 453.3 TCF with a total of
11 proven basins so that Indonesia ranks 6th in the world
(table 3). Power plants with high speed diesel (HSD) require a
cost of 2000/kwh while the use of CBM costs 700-1000/kwh
[39]. In the example of the Sanga-Sanga power plant, Kutai

and issued the Minister of Energy and Mineral Resources
Regulation number 033 of 2006 concerning the Concession of
Coal Methane Gas (CBM) but the regulation still needs to be
studied and evaluated to avoid conflicts, especially in the
section on profit sharing arrangements for CBM and coal
exploitation, waste management and forms of cooperation.
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Figure 12: Road map of CBM development plans in Indonesia [20]

Indonesia has basins with large methane content in several
areas (fig 12) with a high CH4 carbon chain content with
several advantages and disadvantages so that it is considered
necessary for government intervention to accelerate the use of
CBM in Indonesia.

Indonesian CBM has a good quality of gas content
including the composition and thickness of CH4. In addition,
most of Indonesian CBM is in a saturated condition so it takes
a short time for the dewatering process before the gas is
released [35]. However, CBM owned by Indonesia has a
small permeability (pores) so it is necessary to carry out a
stimulus such as cracking to release gas maximally.

Coal is brittle, so mine construction formations are prone to
collapse [35].

From the results of the study of the quantity and quality of

CBM in Indonesia, the Indonesian National Energy Policy
[KEN] issued the General National Energy Plan [37] for the
energy mix of CBM utilization in 2025 of 46 mmscfd and
2050 of 576.3 mmscfd [40].
The ease of development provided by the government has not
been effective until now because of the 54 working areas
(WK) from 2008-2012 only 22 CBM CAs (1 Tanjung Enim
CA is currently in the POD process) are active and 32 CBM
CAs have been terminated [38].

Gas content ranges (scf/ton)

Barito Warukin | 43-274 |

Barito Tanjung | 43 -440

Kutai \ 3.7-555

Sumatra Selatan

100 200 300 400 500 600

CH, composition range (%)

Barito Warukin | 46-90 |

Barito Tanjung | 21 -98.6

Kutai [ 11.7-98.6

Sumatra Selatan

96.49-99.08 |:|

20 a0 60 B8O 100

Figure 13. Gas content and composition of CH4 [35]
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To meet the target of the CBM energy mix (Figure 7) the
Indonesian government through the improvement of the
Minister of Energy and Mineral Resources Regulation number

36 of 2008 provides convenience for CBM development

efforts, namely:

1. Profit sharing is more profitable for contractors than
conventional gas.

2. More flexible Plan of Development (POD) terms.

3. Handling production before POD.

4. Smaller working area allowance (up to 90 percent).

The huge potential of CBM currently cannot be optimally

produced in Indonesia due to [47]:

1. Problems with licensing regulations across ministries and
agencies.

2. Land acquisition issues.

3. Production facilities and piping from CBM wells.

4. Large investment value with uncertain prospects for

return on investment (internal rate of return/IRR).

Small production profit.

Technology development that is not yet optimal.

7. CBM prices are still influenced by world oil prices where
CBM will have economic value if world oil prices are
above US$100/barrel [38].

8. The ever-changing fluctuations in coal prices.

oo

From the aforementioned problems, it is important to
conduct a thorough evaluation and follow-up so that the clean
energy mix target from CBM can be achieved.

Oil and gas regulations are not fit for CBM production.
(Law number 22/2001 on oil and gas, Government Regulation

number 35/2004 on upstream oil and gas activities, Minister

of Energy and Mineral Resources Regulation number 35/2008

on procedures for stipulating and offering work areas of oil

and gas, Minister of Energy and Mineral Resources

Regulation number 36/2008 on CBM exploitation, Minister of

Energy and Mineral Resources Regulation number 05/2012

on procedures for stipulating and offerring work areas of

unconventional oil and gas).
Based on the aforementioned condition, the Government
needs to [35] :

1. Improve the regulation of mineral and coal (Minerba).

2. Accelerate the process of proved CBM exploration-
production in productive areas. ENHANCE exploration
points in the sweet spot area.

3. Research and test completion and operation methods to
determine the right stimulation in order to achieve low-
cost operation so that the price of CBM production is not
influenced by world oil prices and coal prices.

3.2 Development of Coal Bed Methane in Russia

From 1990 to 2019, the installed power generation capacity
in the Russian federation had increased by 27.7% and there
had been an increase in electricity consumption by 17.8%
from 2005 to 2018 which is used for the public, construction,
mining, industrial sectors, agriculture, transportation and
others with a reduction in electricity grid losses of 8.4% [41].
The high percentage of increase in energy demand in the
Russian Federation has led to a high demand for fuel for
power generation, which is estimated to be dominated by gas
fuels, including non-conventional gas fuels until 2040.
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Figure 15: Electricity consumption per sector in Russian Federation [42]
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Figure 16: Energy consumption in the Russian Federation by fuel types [41]
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As one of the countries with the largest natural energy
reserves, the primary energy production in Russia is still
dominated by natural gas and oil, while Russia still has other
energy sources, so the Russian government is trying to add to
its energy mix as alternative energy with large reserves.

With large coal reserves, Russia plays an important role
in research and development of coal mine methane (CBM)
projects coupled with the support of the Russian government
in 2009 on the increase in power generation, the development
of CBM in Russia is not only to increase power generation but
also to reduce greenhouse pollution. Where on 23 September
2019, Russia was the fourth largest emitter of greenhouse

gases in the world (ratification of the Paris Agreement on
Climate Change) [41].

The development of CBM projects in Russia is also
supported by the existence of the world's largest pipeline
construction from East Russia to all European countries. In
addition, Russia is a strong natural gas market in Europe and
Asia, coupled with rising domestic natural gas prices, can help
push the project exploration and utilization of CBM in Russia
[42][43]. CBM known as Coal Mine Methane (CMM) is
owned by Russia as many as 11 basins with a total potential
of 83,700 Cubic Meter Banks [43].
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Figure 18: Map of proven coal fields and CBM gas supply lines in Russia [43]

In addition to having coal fields with proven CBM
content, Russia is still conducting research to find other
sources of reserves (Figure 18).

The smallest CBM field area is in the Talda Field with an
area of 74 km2 with a potential CBM of 88.4 BCM with a
total of 20 test wells and a production of 30 MMcum/year for
power stations of 2-10 MW (figure 18). The current use of
CBM is for boilers and power plants, autonomous gas filling
compressor stations, mini LNG plans (1 ton/hour), industrial
and commercial customers as well as homes with energy

details as follows [43]:

1. Coal accounts for 13.2 percent of Russia's total primary
energy consumption.

Coal production increased 43.7 percent between 2007 and
2017.

Russia's power generation in 2017 was divided between
natural gas (52.3 percent), oil (21.9 percent), coal (13.2
percent), nuclear (6.5 percent), and hydroelectric power
(5, 9 percent) [3].

2.

3.
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In 2015, Russia had six operational CBM utilization projects
for power generation or boiler fuel. Two additional CBM
projects were under development [45].

The results of the Feasibility Study (FS) stated that the
gas content increased by 15 cubic meters per tonne (m3/ton)
at a depth of 250 meters and 30 m3/ton, at a depth of 650
meters with CBM quality suitable for power plants. [45].

The problem in the exploration process is that the amount
of water that exceeds the maximum requirement has caused
43 mines in the Kuzbass Basin to be inundated, making the
methane production operation project difficult or impossible
to continue [43].

In 2010-2013, exploration work and test wells had been
carried out from 30 exploration wells and then in 2013-2014
the preparation and verification phase of Feasibility Study
(FS) had been carried out with a total planned development
well of 1000 and a production target of 1-1.5 BCM per year.

Russia with the largest CBM reserves in the world only
has 7 wells that supply gas for large power plants (>100 MW)
due to the majority of CBM reserves being in remote and
undeveloped areas and the slow development of CBM
because [46]:

1. CBM is owned by the state with three licenses that are the
contractor's obligation, namely exploration, production,
and joint licenses.

2. CBM must compete economically with large, domestic,
and cheap proven gas reserves.

3. The Russian government maintains a large supply of gas
at a low selling price, making it difficult for CBM projects
to achieve financial viability. However, domestic natural
gas prices have increased 16 percent since 2013, making
the project more viable [43].

4. The challenge of developing an economical technology
for the extraction of CBM from saturated coal seams with
low permeability.
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5. Natural gas infrastructure and markets are within 20 to
100 kilometers of CBM production areas [46].

6. Electricity production projects utilizing CBM have a
return on investment of 25 percent [47].

Due to the above problems, the Russian government is

currently accelerating the use of CBM to attract investors by:

1.  Operating tax exemption.

2. Income tax reduction.

3. Royalty exemption.

4 Research development of production technology with
low permeability field.

5. Lowering hydrocarbon recovery costs.

3.3.

Development of Coalbed Methane in United States of

America

The United States uses and produces a wide variety of
energy sources and types, which can be grouped into general
categories such as primary and secondary fuels, renewable
and non-renewable, and fossil fuels.

Primary energy sources include fossil fuels (petroleum,
natural gas, and coal), nuclear energy, and renewable energy
sources. Electricity is a secondary energy source that is
generated from primary energy sources [4].

In 2020, the total US primary energy consumption was
equivalent to approximately 92,943,042,000,000,000 Btu, or
approximately 93 quadrillion Btu [48].

In 2020, the electric power sector accounted for
approximately 96% of total US utility-scale power generation,
almost all of which was sold to other sectors.

The energy sources used by each sector vary widely. For
example, by 2020, petroleum wpuld provide about 90% of the
energy consumption of the transportation sector, but only 1%
of the primary energy use of the electric power sector.

Projected energy consumption is estimated that there are
700 tcf of methane gas in the conterminous layer of the
United States with a proven potential of around 100 tcf and
accounts for 7.5 percent of the total United States natural gas
production which is used for electricity generation and
domestic gas utilization [4].
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Figure 21: US Energy Consumption by energy sources [4]
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Table 7: Coalbed Methane Consumption and Production in the US [4]
U.S. Coalbed Methane Production (Billion Cubic Feet)
Decade Year-0 Year-1 Year-2 Year-3 Year-4 Year-5 Year-6 Year-7 Year-8 Year-39
1980's 91
1990's 156 348 539 752 851 958 1.003 1,090 1,154 1.252
2000's 1.379 1.562 1.614 1.600 1,720 1,732 1,758 1.753 1,966 .
2010's 1.886 1,763 1.655 1.466 1.404 1,269 1.020 980 W W
- = No Data Reported; -- = Not Applicable; NA = Mot Available; W = Withheld to avoid disclosure of individual company data.
Release Date: 1/11/2021
MNext Release Date: 12/20/2021

In 2012, a 3-megawatt CBM power plant was built in
Somerset, Colorado at the Elk Creek Oxbow Carbon Mine.
The success of coal bed methane (CBM) in North America is
due to a number of factors by chance the discovery of a gas-
rich coal seam with good and elongated porosity/permeability
characteristics, strong gas prices, dense distribution network,

and little competition with declining conventional gas
production and geological conditions [50].

Research in the field of CBM utilization development
design and the accuracy of the potential of the CBM layer was
carried out by the U.S. Geological Survey (USGS) to obtain
more economical exploration and production technology [49].
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Figure 24: Map of coal and CBM fields in America [49]
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Figure 25: CBM Market in US [49]

U.S. The Geological Survey (USGS) is tasked with
conducting research that provides information on the
potential, problems and development of CBM as the United
States National Energy's energy mix, namely by establishing a
detailed development model and characteristics of the
evolution of methane gas in coal seams in the highlands and
valleys as well as developing ways to CBM resource
assessment [49].

As a natural gas well, most coal seam methane licensing
and regulation is carried out by state governments. The main
problems of CBM in the US are environmental problems and
the handling of produced water and the dewatering process so
that federal regulations apply to handling CBM produced
water i.e. if the water is discharged into surface runoff, it must
obtain a permit from the federal state and if the water is
discharged by underground injection using a Class Drain Well
11 got permission from the state [4].

The environmental impact of CBM development is
regulated by federal government agencies both during the
licensing and operating processes, namely building permits
for roads, pipelines and buildings, obtaining wastewater

disposal (produced water) permits, and compiling an
Environmental Impact Statement [33].

3.4 Development of Coalbed Methane in Australia

A very significant increase in energy consumption in 2018-
2019 in all sectors in Australia such as energy consumption
increased by 1%, electrical energy from: coal 56%, petroleum
39%, natural gas 36% causing the government to encourage
the use of other energy mixes which is available in very large
reserves in Australia [51].

Awustralia's energy consumption increased 1 percent in
2018-2019 to reach 6,196 penta joules (1 PJ = 22,288 GWH)
with energy growth in 2018-19 of 37 penta joules [52]. The
large energy consumption and GDP that always increases
significantly are not supported by energy productivity, but
energy intensity as a measure of energy inefficiency decreases
linearly every year. (Figure 16) [53].

Total energy consumption of 6,196 petajoules (278 GWH)
is still dominated by oil (1,402 petajoules), coal (1,301
petajoules), gas (1,592 peta joules) and renewable energy
(399 peta joules).
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Figure 26: Energy Consumption vs Energy Productivity in Australia [53]
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The large amount of energy reserves is still dominated by
large coal production so that the amount of the energy mix
does not vary. (Australia Energy resources, 2020) The largest
power plant fuels are petroleum (209,639 GWH) and black
coal (116.356 GHW).

In Australia Coalbed Methane (CBM), called Coal Seam
Gas (CSG) or Coal Seam Methane (CSM), where this new
energy is targeted to become a significant energy contributor
need. Australia has about 30 coal-bearing basins, most of
them Permian and Mesozoic in age.

Australian coal seams contain high volumes of methane
gas of up to 25 m3 per tons. Australia began producing CBM
in 1988 but it was not until 2006 that commercial production
of CBM began in the state of Queensland. Australia has total
CBM reserves of around 300 to 500 Tcf (8.6 to 14.3 trillion
m3) [53].

In Australia, CBM is produced as clean energy and of
very good quality so that CBM is growing rapidly along with
the discovery of large CBM resources, thus encouraging a

reduction in coal seam gas production costs and cleare state
regulations for CBM contractors, this is due to the exploration
method and the production of CBM that does not damage the
environment and the produced water which is reprocessed
into clean water and partly used to clean coal from attached
sulfur [53].

Another advantage is the good permeability with dual
porosity, namely micropores (primary porosity) and
macropores  (secondary  fracture  porosity) providing
convenience for exploration and CBM production activities
[53].

A number of state-of-the-art CBM reservoir simulation
and exploitation tools have been developed by the University
of New South Wales and CSIRO to simulate conventional
CBM production and CBM recovery using multi-component
gases. On the ground, Australia is working to improve CBM
recovery by injecting nitrogen and/or carbon dioxide to
increase CBM extraction [53].
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Figure 28: Energy Production in Australia [53]
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Figure 29: Map of coal basins containing CBM in Australia [53]

3.5 Develoment of Coalbed Methane in China

Coal supplied the majority (nearly 66%) of China's total
energy consumption in 2012. Arround 20 % of country’s total
energy cunsumption was petroleum and other natural liquids.
Despite China's efforts to diversify its energy supply,
hydroelectric sources (8%), natural gas (5%), nuclear power
(nearly 1%), and other renewable energies (more than 1%)
account for a relatively small share of China. The Chinese
government plans to limit the use of coal to 62% of total
primary energy consumption by 2024 in a bid to reduce the
heavy air pollution that has plagued certain areas of the
country in recent years. China's National Energy Agency
claims that coal use fell to 64.2% of energy consumption in

2014 [54].

The Chinese government has set a target to increase fossil
fuel energy consumption to 15% of the energy mix by 2020
and to 20% by 2030 in an effort to reduce the country's
dependence on coal. In addition, China is currently increasing
its use of natural gas to replace some coal and oil as cleaner
fossil fuels and plans to use natural gas for 10% of its energy
consumption by 2020.

Although absolute coal consumption is expected to
increase in the long-term period. As total energy consumption
increases, higher energy efficiency and China aims to improve
environmental sustainability may lead to a decline in coal
share [55].

106 quadnlhon
Ertish thermal
units

nuclear
<1%

1%

ihar renaveahles

total installed
capacity
1,260 GW

natural gas
4%

Figure 30: (a) China's energy consumption by fuel types, (b) Installed power plants by fuels [31].
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Figure 31: China's Petroleum Production and Consumption [56]

As a result of its high coal consumption, China is also the
world's largest emitter of energy-related CO2, releasing 8,106
million metric tons of CO2 in 2012. Greenhouse Gas (GHG)
emissions from escaping methane and other air pollutants
cause environmental problems in the world. China so that the
Chinese government is committed to the development and
utilization of CBM and is a priority for China's 11th Five-
Year Energy Development Plan [31].

In general, the use of CBM in China is caused by plans to
reduce energy emissions from coal fuel, methane gas released
into the air due to coal mining activities and create clean
energy to improve air quality and climate change perspective
[56].

The Chinese government's energy policy is dominated by
the country's growing demand for oil and its dependence on
oil imports. The National Development and Reform
Commission (NDRC), a department in China's State Council,
is the main policy-making, planning, and regulatory authority
of the energy sector, while other ministries such as the
Ministry of Commerce, Ministry of Land and Resources,
Ministry of Environmental Protection, and State Marine
Administration oversees various components of the country's
oil policy [56].

The government launched the National Energy
Administration (NEA) in 2008 to act as the primary energy
regulator. The NEA, linked to the NDRC, is tasked with
approving new energy projects in China, setting domestic
wholesale energy prices, and implementing the central
government's energy policy, among other tasks [56].

In January 2010, the government established a National
Energy Commission with the aim of consolidating energy
policy among the various agencies under the State Council
and assessing key energy issues. Reforms under the leadership
of the new government include consolidating and streamlining
ministries and expanding the scope of the NEA [56]. In 2004,
coal production in China produced about 18 billion cubic
meters (bcm) and methane (CH4) which was released into the
air equivalent to 271 tcm and 106 tcm of Carbon Dioxide
(C0O2). With an aggressive fuel diversification policy, energy

efficiency efforts and reducing the greenhouse effect caused
by methane released into the air, the amount of CBM
produced in coal mines will increase by about 2/3 by 2021
[57].

Coal mining activities as the main energy source in China
cause methane gas to be released into the environment so that
gas is installed in most coal mines with large levels of
methane gas and built more than 60 CBM utilization projects
in the last decade, but only about 10 percent of the total
methane gas (CH4) from new coal mines that can be captured
in 2004 and of the total CBM, only 4.3 percent is utilized.
Coal mining activities drain the volume of CBM from
underground, but the utilization of this CBM gas has not
increased at the same time [58, 59]. China's coal methane
(CBM), coaltogas (CTG) or synthetic natural gas (SNG) and
shale gas industries are in the early stages of development due
to technical challenges and water resources, regulatory
barriers, transportation constraints, and competition with fuels
and other conventional natural gas. However, China's
potential resource wealth has prompted the government to
seek foreign investors with the technical expertise to
capitalize on it [60].

China's first commercial CBM pipeline entered service in
late 2009, connecting the Qinshui Basin with the WesttoEast
pipeline. Several other pipelines, mostly in Shanxi Province in
north central China, are already operational, and several are
under construction.

Table 8: Energy consumption in China [31]

Energy . Hydro
Year Consumption ((Z%I (?/:, I) IE%; power

(Mtce) (%)
1980 602.75 70.2 21.1 31 4
1990 987.03 76.2 16.6 21 5.1
2000 1302.97 66.1 24.6 25 6.8
2003 1678.00 67.1 22.7 2.8 7.4
2005 2220.00 68.1 21.2 2.8 7.3
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Figure 32: China Energy Field [58]

China operates many small liquefaction plants and
transport tanks transporting CBM to demand centers [60].
China lacks clean energy, especially conventional natural gas
and the majority of its energy consumption comes from coal
(table 6) Proven natural gas reserves per capita are only 1/12
of the world average. However, China has large CBM
resources with development potential that can be developed
from the mouth of a coal mine [31].

The estimated CBM resource in China is 1012 Tcm at 300
Meters (m) -2,000 m below the surface 31.5 (Tm?3)
comparable to a total estimated resource of 38 Tm? for
conventional natural gas, but economically recoverable CBM
reserves are much lower due to geological, technological,
market, regulatory and institutional constraints. However, to
meet its targets, the government must improve the
administrative framework for the management of CBM
resources, introduce more effective incentives for CBM

development, increase the technical capacity of the mining
sector, expand gas pipeline infrastructure, and promote the
gas market in coal mining [57]. After 2012, China approved
the CBM project so that it could reduce its large coal
resources to meet the growing demand for natural gas. The
government loosened energy regulations for CBM and
provided more economical prices to accelerate the utilization
of CBM but the CBM industry is progressing very slowly.

China only produced 75 Bcf in 2014 from two CBM
factories operating to run power plants with an installed
capacity consumption of 100 Bcf/year [61]. This is also due to
slow technological progress resulting in design and technical
errors in this CBM fuel power plant. The Chinese government
has approved 15 large-scale CBM projects with a total
capacity of more than 2,800 Bcf/year for the other three
power plants.
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Figure 33: China's Power Generation by Fuels [3]
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Several more facilities are in the planning stages, but CBM
projects face high capital costs associated with technology
and infrastructure development, scarce water resources, and
management of methane released into the [62]. Learning from
previous experiences in power plants, China enforces
regulations for CBM plants to be built according to their

capacity or at least 70 bcf/year [57].

Draining CBM wells is time consuming, increasing their
overall development costs which is a major challenge for this
market. The Chinese market has not yet reached its full
potential due to issues ranging from geological conditions,
conflicting mining rights, to insufficient subsidies and
difficulties in attracting private capital. In addition, there are
still doubts on the quality, quantity and distribution of water
from the coal seam [62].

Currently, China is learning from technology and
government regulations that have been developed previously
in the United States and Australia, especially on the
overlapping regulations and more competitive market pricing
[63].

To overcome the constraints of exploration, production
and utilization of CBM, the Chinese government does the
following:

1. Strengthen CBM policies, legal and regulatory
frameworks to improve resource management;

2. Increase the availability and quality of CBM so that more
can be utilized;

3. Increase incentives to encourage expansion of CBM
exploitation.

4. Learn about technology and regulatory regulations in
countries that have developed CBM production, such as
the United States and Australia.

5. Promote the development of regional development
strategies to take advantage of certain local advantages.

6. Limitation of CBM fuel power plants to a minimum of 70
Bcflyear.

4.0 CONCLUSIONS AND SUGGESTIONS

4.1. Conclusions

1. The search and use of new energy in the world is caused
by the reduction of conventional fossil energy reserves.

2. Environmental problems and the greenhouse effect due to
CH4 and CO2 emissions result in the urgent need to use
more environmentally friendly energy with the smallest
possible greenhouse production.

3. The world's huge reserves of new CBM energy that have
not been exploited because it used to be considered a
major problem in coal mines that caused mining accidents
and eventually methane gas was released and caused the
greenhouse effect.

4. The low energy mix in some countries causes energy
crisis if there are conditions of reduced supply or
technical problems and power plant infrastructure.

5. There are many problems in accelerating the utilization of
CBM in developing countries, namely the constraints of
developing exploration, production and utilization of
CBM, geological and coal permeability problems, lack of
infrastructure, large initial capital and POD costs during
the dewatering process, CBM prices are still influenced
by oil prices. and coal, regulations in many countries

regarding CBM are not appropriate because they refer to
oil, gas and coal regulations.

4.2. Suggestions

1. To accelerate the development of exploration, production
and utilization of CBM, it is necessary to conduct
comparative studies and case studies from several
countries with large CBM reserves or from countries that
have developed CBM utilization.

2. Temporary oil and gas and coal regulations are not
suitable to be applied to the CBM industry because the
government still needs to provide tax breaks, application
of subsidies/incentives, more flexible POD regulations
because it requires large costs for dewatering for 7 years.

3. The study of CBM-fueled power plants must be 10%
below CBM production so that there is no overbuilt like
what happened in China.
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