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1. Introduction

Currently, the fulfillment of energy in Indonesia is still sourced from non-renewable energy
sources. Fuel oil and coal play an important and dominant role in the fulfillment of national energy.
Primary energy production, which includes hydrocarbons, natural gas, coal, and renewable energy in
2018, reached 411.6 MTOE. It is undeniable that the condition of conventional fuel production in
Indonesia has decreased. Based on data [1], hydrocarbon production in the period 2009 to 2018 has
decreased; a production that previously reached 346 million barrels in 2009 decreased to 283 million
barrels in 2018. Currently, in order to meet the needs of refineries, imports of hydrocarbons from the
East it is being carried out and have implications for import dependence with a percentage of 35%.
Therefore, efforts are needed to find new energy sources in order to continue to substitute fuel oil;
one of these energy sources is shale gas.
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ABSTRACT

Shale Gas is a potential non-conventional energy source to be
developed. However currently, shale gas has not been developed
optimally in Indonesia. Therefore, the authors aim to help develop the
potential of shale gas by indicating the potential for distribution in
Indonesia. The research study was conducted by reviewing literature
sourced from literature such as journals, articles, and books. Based on
the research conducted, potential shale gas reserves are found in the
North Sumatra Basin, Central Sumatra Basin, and South Sumatra Basin.
A geochemical method that includes parameters of Total Organic
Carbon (TOC), type of kerogen, and maturity level (Ro) is used to
develop shale gas potential in an area. Shale gas can be a substitute for
conventional fossil fuels, so further studies are needed so that it can be
produced commercially.

This is an open-access article under the CC-BY-SA license.
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Fig. 1 Graph of production and dependency ratio of oil imports [1]
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Indonesia, as a country rich in energy resources, needs to be explored and utilized optimally;
one of Indonesia's natural resources is shale gas. The potential for shale gas in Indonesia is quite
large, reaching 574 TCF which is spread across various parts of Indonesia. The Sumatra area is the
area with the largest shale gas potential where the condition of the buyer's need for gas is quite high
[3]. Compared to conventional gas in Indonesia, the potential for shale gas is indeed greater [4].
Most of the basins are in Sumatra, including the Gumai Shale, Baong Shale, and Telisa Shale.
While other places, such as Kalimantan and Java, are in two basins. As for those in Papua, they are
in the form of reserve-clasafet.

Shale gas is a natural gas formed from shale rock. Shale is a sedimentary rock that has a grain
size component of clay and silt with planar laminate characteristics [5]. The gas that is formed and
stored in situ in shale gas is absorbed by organic material, and gas is trapped in the fractured pores.
In shale rock, the permeability is very low (10 MD). If it is to produce gas in commercial
quantities, it requires quite an intensive fracturing. The shale gas system is part of the petroleum
system with conventional and unconventional gas accumulation conditions. Conventional
reservoirs are known for their high porosity (10%) and high permeability (>100 MD), while non-
conventional reservoirs have low porosity conditions [4].
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Fig.2 Map of shale gas distribution in Indonesia [6]

Seeing the potential that exists in shale gas as a potential energy source in the future with
various advantages and abundance, technology for the production of shale gas on a commercial
scale is not yet feasible. Therefore, studies on shale gas through the fields of geology and
geophysics must be carried out so that the utilization of energy resources in Indonesia is more
optimal. In the exploration stage of shale gas, in general, the exploration concept is similar to
conventional gas, but for some parameters, especially in the geochemical aspect, there are
differences. Based on this background, the idea emerged to conduct research related to the potential
of shale gas resources in order to replace conventional resources in the future. The purpose of this
research related to the potential of shale gas is to identify the presence of shale gas in Indonesia by
using a geochemical method approach and also paying attention to the geological conditions of the
area.
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2. Method

This research was conducted with a focus on several regional studies, namely the Sumatra Basin,
Central Sumatra Basin, and South Basin. This research approach is carried out by conducting logical
reasoning by induction and deduction, namely by conducting a literature review from scientific
journals, articles, books, and research that has been done previously regarding research data on shale
gas indications in Indonesia, so that it can be used as a basis and reference in the implementation of
this research. Literature study is an important thing and needs to be done so that information
disclosure can be more comprehensive.
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Fig. 3 Sumatra Basin Map [7]

In this study, the data source used is articles, journals, and books that have been published
previously in national and international journals, so that the credibility and accuracy of the data used
are more assured for this research. Data analysis is conducted by referring to the results and
discussion of several related studies conducted earlier so that data on shale gas potential through
geological and geochemical aspects are obtained.

The data used to support research on the potential presence of shale gas in the Sumatra Basin
include geochemical analysis and basin analysis. Basin analysis data were used, such as data from
basin stratigraphic analysis. Geochemical data were used to validate and look for correlations with
basin configuration results. The results of geochemical data include total organic carbon (TOC) data,
kerogen type, and Ro maturity level. Classification of TOC values is done by referring to Table 1,
for classifying kerogen types based on Table 2 classification, maturity level values are classified
based on Table 3, and for material analysis and kerogen, characteristics refer to table 4 and table 5.

Table 1. Geochemical parameters Describing the Petroleum Potential (Quantity) of an Immature Source

Rock[8]
Organic Matter
Petroleum TOC Rock-Eval Pyrolysis Bitumen Hydrocarbons
Potential (wt %) S2 SP (wt %) (ppm) (ppm
Poor 0-0.5 0-0.5 0-25 0-0.05 0-500 0-300
Fair 0.5-1 0.5-1 2.5-5 0.05-0.10 500-1000 300-600
Good 1-2 1-2 5-10 010-0.20 1000-2000 600-1200
Very Good 2-4 2-4 10-20 0.20-0.40 2000-4000 1200-2400
Excellent >4 >4 >20 >0.40 >4000 >2400

2mg HC/g dry rock distilled by pyrolysis.

®mg HC/g dry rock cracked from kerogen by pyrolysis.

Evaporation of the solvent used to extract bitumen from a source oil from a reservoir rock causes loss of the volatile hydrocarbons below
about n-Css. Thus, most extracts are described as Cs. hydrocarbons. Lighter hydrocarbons can be at least partially retained by avoiding
complete evaporation of the solvent (e.g., Cio+)
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Table 2. Geochemical Parameters Describing Kerogen Type (Quality) and the Character of Expelled

Products[8]
HI Main Expelled
. Product at Peak
Kerogen Type (mg HC/g TOC) S2/Ss3 Atomic H/C Maturity
| >600 >15 >1.5 Qil
1 300-600 10-15 1.2-1.5 QOil
e 200-300 5-10 1.0-1.2 Mixed oil and gas
1] 50-200 1-5 0.7-1.0 Gas
v <50 <1 <0.7 None

2Based on a thermally immature source rock. Ranges are approximate.
type I1/111 designates kerogens with compositions between type 1l and 111 pathways that show intermediate HI

Table 3. Geochemical parameters describing the level of thermal maturation[8]

Stage of Thermal Ro Tmax
Maturity (%) (°C)
Immature 0.2-0.6 <435
Mature
Early 0.6-0.65 435-445
Peak 0.65-0.9 445-450
Late 0.9-1.35 450-470
Postmature >1.35 >470

Table 4. Kerogen type character[9]

Typell Type ll Type 111

Kerogen Type

Algal Liptinic Humic

Marine and terrestrial

plant and animal Terrestial plant

Marine algae and
Kerogen Source : g

plankton : material
material
Hydrogen Fo Carbon >1.95 <195 <10
ratio
Oxygen to carbon ratio <0.15 0.03-0.18 0.03-0.3

Rich in hydrogen and )
Produce liquid oil SO In hydrogen and

Hydrocarbon
formation propensity

poor in oxygen and
thus tend to produce
liquid oil

and/or gas.

high in carbon, so it
produces mainly coal.

Table 5. The four types of kerogen, the macerals that they are composed of, and their organic precursors[10].

Maceral Kerogen Type Original OM
Alginite I Freshwater algae
Excite Il Pollen, spores
Cultivate 1 Land-plant cuticle
Resinite I Land-plant resins
Liptinite 1 All land-plant lipids; marine algae
Vitrinite 1 Woody and cellulosic material from land plants
Inertinite v Charcoal; highly oxidized or reworked material of any origin
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3. Results and Discussion
3.1 Shale Gas Formation

Shale gas is seen structurally geologically in ideal conditions in the cyclone zone (figure 4).
According to [11], in the formation of shale gas in shale rocks, there are several conditions: a)
has a content of TOC >1%, with black flakes facies, b) generally in the form of kerogen type I,
¢) immature maturity level, d) the obtainability of clay minerals, €) depth is not too deep.
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Fig. 4 Generalized diagram showing categories of conventional and
continuous oil and gas accumulations [12]

This gas is produced and stored insitu in shale gas as adsorbed gas that is gas absorbed in
organic material and free gas that is gas stuck in the crack or pore. Very low shale rock
permeability (< 10 mD) requires intensive drilling to produce gases that quantity meet
commercial aspects. A shale gas system is part of a petroleum system with accumulated gases
of a conventional or non-conventional nature [5]. Conventional reservoirs are rocks with high
porosity conditions (>10%) and high permeability (>100 mD), while non-conventional
reservoirs are rocks with small porosity conditions.

3.2 Shale Gas Potential in Indonesia

According to official data [13] based on the Indonesian Geological Agency, the potential of
shale gas resources spread across 14 basins in Sumatra, Java, Kalimantan, Sulawesi, and Papua
amounts to 16.3 trillion cubic meters (574 trillion cubic feet) of gas in place, as seen in Table 6.

Table 6. Indonesian shale gas resources by region and basin[13]

. . . Total gas in place Total gas in place

Region Basin/Formation (Tcm) (Tch
North Sumatra 1.8 64.8

Central Sumatra 2.5 86.9

Sumatra Ombilin 0.7 25.3
South Sumatra 1.6 56.1
Subtotal 6.6 233.1

Northwest Java 0.2 5.6

Java Northeast Java 1.2 42.0
Subtotal 1.4 47.6

Barito 2.1 74.6

Kutei 2.3 80.6

Kalimantan Tarakan 0.2 7.2
Melawai 0.3 11.9

Ketungau 0.6 19.6
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Subtotal 5.5 193.9

Sulawesi Sengkang 0.2 5.4
Akimeugah 1.8 62.4

Papua Bintuni 0.9 31.4
Subtotal 2.7 94.0
Total 16.3 574.1

In assessing the potential of shale gas, there are aspects that affect, including the following:
1. Deposition Environment

The environment of the deposition process that occurs becomes important in determining
the potential of shale gas, whether the gas is deposited in the marine or non-marine
environment. The characteristics of flakes deposited in the sea have the characteristics of a
small content of clay, and existing minerals tend to be more brittle such as carbonate,
feldspar, and quartz. In contrast to flakes deposited in a land or lake environment, usually, the
content of clay minerals is more and tends to be ductile so that less good response occurs
when simulated hydraulic fracturing.

2. Depth

In shale gas disciplining, the ideal depth ranges from more than 1000 m — 5000 m. Depth
conditions less than 1000 m are usually low pressure, and gas concentration is also low. The
condition of shale gas formation at shallow depths will have an impact on the level of water
content that is quite high due to contact with fractures in the area.

3. Total organic Carbon (TOC)

Organic carbon content in areas where shale gas prospects >2% value. The formation of
gas components required, such as organic materials, plays a role in producing carbon, oxygen,
and hydrogen.

4. Maturity

In areas that have the prospect of shale gas, ideally, Ro>1 value, if the ro value is higher,
then the porosity of the rock will be as large.

5. Geography Location
Areas with basins in the process of shale gas formation.

3.3 Indications of shale gas potential

North Sumatra Basin

Based on data that has been processed by [14] sourced from PT Pertamina Hulu Energi
Sumbangut. The data is geochemical data that includes the amount of organic material
(%TOC), kerogen type, and maturity level (% Ro).

Table 7. Geochemical Data of Bampo, Baong Bawah, and Belumai Formations [14]

Formation Bampo Baong Bawah Belumai
TOC (%) 0.6-1.1 1.15-1.47 0.46-1.18
Type Kerogen Il & I Il
%Ro 1.19-1.36 0.2-0.9 0.2-0.9

The Sumatra Basin has potential formations for organic materials. Geochemical data

stabilization includes the formations of Bampo, Bawong Bawah, and Belumai. The Bampo
formation is a formation that is precipitated in the position of the Parapat Formation. Lithology in
Bampo formation is dominated by clay material with dark gray blackish color, mudstone, and
lanai and found nodules — carbonate nodules [15]. Bampo formation deposition environment is in
a restricted basin area with type Il kerogen deposition, based on classification [10] participated
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in maceral vitrinite category. Toc value obtained in the range of 0.6-1.1 %, the value is included
in the classification of fair good refers to the classification of TOC [8].

Baong formation has a lithology in the form of claystone with the appearance of greenish-
gray Abi and napal that contains tufa material. The middle part of the rock-earned formation.
Napal components and mudstones undergo precipitation in the inner-outer and upper neritic. In
the formation of Bawong, Bawah obtained a varied TOC value with an average - rat value of
1.15 - 1.47 %, based on the classification of TOC included in the classification of good. There
are two types of kerogen in the Bawong Bawah formation, namely kerogen Il and Ill. Type two
kerogen deposition in the Bawong Bawah formation is in the deep ocean basin environment, and
for type Il kerogen is indicated to be organic land material that undergoes transport process
during the formation of the Bawong Bawah formation. The maturity level value in the Bawong
Bawah formation of 0.2 — 0.9 % is included in the Immature classification; the classification is
based on [8].

The Belumai formation in prose deposition occurs in harmony above the Bampo Formation.
In this formation there are components in the form of Batugamping hasga and Batupasir Belumai
(Agrarianda &Djohor, 2020). The main lithology is sandstone with the appearance of dark-
greenish gray, in weathered conditions yellow; contained glauconitic and limestone materials.
The Formation of Belumai is known to have a TOC value of 0.46 — 1.18 %, based on the value is
included in the good fair classification equal to bampo formation. The formation of Belumnai has
a type of kerogen I11, where the deposition environment occurs on the shelf. The maturity level of
the Belumnai formation is 0.3 — 0.8 %, in this formation indicates the type of oil window
maturity.

Central Sumatra Basin

In the Sumatra Basin, a review of shale gas indications was conducted on the Telisa
formation and the Telisa formation, and the formation evaluation was conducted by plotting a
zone that has the potential as a shale gas reservoir. Based on the geochemical analysis conducted
[16], obtained total organic carbon content (TOC) of 2.01 - 4.74 % based on classification [8] is
included in the excellent classification. The maturity value obtained in the Opposing Formation
is 0.63 — 0.69 %; this value is included in the early-peak kerogen type in the opposing formation
dominated by types Il and 111 [17].

The Telisa formation is a formation with shale and laminated shale constituent components
deposited in the Early — Middle Miocene period. The vertical thickness of the Telisa formation is
quite varied in the area ranging from 400-870 feet. In the formation of Telisa based on the
analysis of geochemical data by [9] obtained total organic carbon (TOC) value is between 3.13 %
- 14.8 %, based on classification [8] belongs to the excellent class, the deposition that occurs
dominated by alginite and liptinite so that it is selfish as kerogen type II.

After the text edit has been completed, the paper is ready for the template. Duplicate the
template file by using the Save As command, and use the naming convention prescribed by your
conference for the name of your paper. In this newly created file, highlight all of the contents and
import your prepared text file. You are now ready to style your paper; use the scroll-down
window on the left of the MS Word Formatting toolbar.

South Sumatra Basin

Talangakar formation is a formation dominated by material components in the form of
shells and clay stones [18]. Talangakar formation undergoes irregular precipitation on top of
lahat formation; this formation is divided into two parts, namely GRM (grit sand member), which
includes rough clastic with shale inserts and TRM (transitional member) contained in shale. The
deposition environment is in the litoral environment until swallow marine with the lifespan of the
final oligos — the early Miocene. The thickness of this formation is quite varied, which ranges
from 100 - 500 m.

The results of the analysis conducted on talangakar formation obtained a total organic content
value (TOC) of 0.4 - 0.8%. The type of kerogen in Talangakar formation is quite varied but
dominated by type II/Ill in type Il hydrogen content value of 50-400 mg HC/gTOC. The
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maturity level (Ro) value of the parent rock is at 0.5% - 1.2% [19]. Based on the value obtained,
the maturity level is included in the peak mature classification.

4. Conclusion

Indications of the potential presence of shale gas in the Territory of Indonesia can be found at
several points in Sumatra. This is evidenced by geochemical measurements conducted in the North
Sumatra Basin (Bampo Formation, Lower Bawong, and Belumai), Central Sumatra Basin
(Pemantang and Telisa Formation), and South Sumatra Basin (Talangakar Formation), from the
results of measurements and analysis known in the North Sumatra Basin, Central Sumatra Basin,
and South Sumatra Basin have different characteristics, it is influenced by the environmental
deposition system. Based on the identification of three basins, tiles formation has the greatest
potential for gaseous formation. TOC content with a value of 3.13% - 14.80% is considered very
good in supporting the formation of gas, in addition, supported by dominant lithology in the form of
alginate and liptinite. Regarding the development of new energy in the future, it is necessary to
research deeply to multiply the potential of shale gas resources in Indonesia in order to be an
alternative in meeting future energy needs.
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