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Abstract— South Sumatera is one of the provinces in Indonesia that has the largest coal reserve in Indonesia. Unfortunately, the type
of coal is mostly in the low-rank coal. Through a national energy policy, the government of the Republic of Indonesia has set an
increased consumption of coal for domestic use. The energy derived from coal will be increased approximately 33 percent of the total
Indonesia energy consumption in 2025. Currently, approximately 70 percent of Indonesia's coal production is used by the State
Electricity Company as fuel for power generation, 10 percent for the manufacturer of cement, and the rest for industrial and
metallurgical processes. The low-rank coal, which contents a high moisture into solution be decreased firstly and then through drying
process before using in industry. In the power generation industry, usually, low-rank coal is dried naturally in a closed stockpile
before being used as fuel, and spontaneous ignition happens frequently. The results show a decrease in moisture content for solar
drying and using laboratory scale oven. Solar drying depends on the solar radiation falling onto the surface, so coal drying depends

on highly weather and time.
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I. INTRODUCTION

Coal is one of the main energy sources in the world,
which is used as a fuel for power plants. Therefore, it is still
considered as an important source due to it's cheap in price
and spread in some countries as energy reserves. Generally,
coal is classified into the category of anthracite, bituminous,
sub-bituminous, and lignite. As an energy source, Indonesia
has a bulk of coal reserves, which is mostly categorised as
lignite (58%), sub-bituminous (27%), bituminous (14%), and
anthracite (<1%). Lignite is the type of coal that
characterised by very high moisture content and requires the
drying process before use. In addition, lignite tends to ignite
spontaneously due to its high volatile content and porous
structure. The moisture content is dried typically at
temperatures 75, 100, and 150°C. These temperatures were
used for the required drying period in achieving the
equilibrium of moisture content. This drying period varied
significantly. They proofed that increasing of the drying
temperature caused by the decreasing of the required drying
period. It has also been proven that the distribution of the
particle size of a coal sample mass depends on the method

used in handling and mining and its inherent degrees fracture.
[1]. [2]. [3].

The main problem occurs in processing the brown coal or
lignite is its very high content in moisture and lower calorific
values (LCV). These unique properties caused a higher
transport cost, complicated grinding and handling operations.
Some technologies have been developed in removing the
moisture occurred in mining and power plant. This was
surveyed by the United States recently. The brown coal or
lignite also referred as Low-rank coals (LRCs) is taken into
account to more than 50 percent of the coal reserves in the
world. Due to its LCV and spontaneous combustion property,
the application of LRCs is very limited. Compare to the
high-rank coals, the LRCs rendered a low energy output,
fuel fouling and contain a high amount of moisture. In
contrary, dried LCRs improved combustion efficiency,
safety enhancement, and mitigation of gas emission.
Although many existing technologies have been already
known, it is often a challenge to find the opportunity of a
cost-effective solution [4], [5].

In selecting the dryer for coal upgrading, many factors
should be considered. The following factors, such as energy




consumption, particle size, throughput, carbon footprint,
capabilities of material handling, safety factor, capital and
operating costs, return on investment, etc., are important
considerations [6].

As it is known, coal consists of complex components of
organic substances, non-organic, and water vapor. Each of
these components will respond when the existence of the
treatment from the outside, such as a given external warming.
On another side, the types of water in the coal consist of the
interior and surface adsorption water, capillary water, inter-
particle water, and adhesion water. Interior adsorption water
is contained in microspores and micro-capillaries within
each coal particle deposited during formation. Surface
adsorption water forms a layer of water molecules adjacent
to coal molecules but on the particle surface only. Capillary
water is contained in capillaries and small crevices found
between two or more particles. Inter-particle water is
contained in capillaries and small crevices found between
two or more particles. Adhesion water forms a layer or film
around the surface of individual or agglomerated particles
[7]. An equipment is required to remove the water content of
the coal. The designed coal dryer must consider the speed of
removing water from the coal, temperature and relative
humidity of the fluid, particularly for LRC's. Some
researchers have already used dryer equipment for drying
LRC's. Researchers [8] have studied drying of coal having a
total moisture content of 40% by using rotary dryer
equipment. After the drying process and 100 hours of
contact with open air, total moisture content was stable in
the range of 18 to 19.5% (ar). Other researchers [9] have
examined the drying process of Indonesian low-rank coal by
using the fluidized bed. They stated that 70 to 80 wt. % (wet
basis, wb.) of the initial total moisture can be decreased, if
the gas temperature 150°C and the gas velocity of 2.0 m/s
used. By employing DI-Methyl Ether method, the coal
sample from the city of Prabumulih had been examined. This
research resulted in the ability to extract moisture content
from the coal, in which the smaller particle size of coal will
be more easily moisture content removed. Energy
consumption for dewatering of low-rank coal at about 1100
kJ/kg. Less than 50% of the latent heat of vaporization of
water and several —fold more efficient than conventional
thermal drying of coal. Low rank coals that have a high
moisture content are generally dried first by using disc type
dryers equipped with rotary blades. The results of the
experiment show that the temperature of the rotary blades
will significantly decrease the moisture content. Moreover,
reducing the flow rate can also decrease the moisture content,
while the high speed of the rotary blades resulted in slightly
decrease of the vapor content. [11].

Self-heat recuperation is a technology that circulates
latent and sensible heat without the addition of heat. This
technology is able to reduce energy consumption by 1/7 -
1/12 of the energy required for conventional heat-recovery
drying systems [12]. Other researchers had studied the
lignite-fired power plant by using Drying and Water
Recovery Technologies. The integration of pre-drying and
water recovery lechnologies within lignite-fired power plants
were analyzed with the attention to its influence on the
energy and water conservation. Results showed that these
technologies have the potential to overcome the

shortcomings of conventional lignite-fired power plants and
make lignite-fired power plants more environmentally
friendly [13].

Currently, approximately 70 percent of Indonesia’s coal
production is used by the State Electricity Company as fuel
for power generation, 10 percent for the manufacturer of
cement, and the rest for industrial and metallurgical
processes. Indonesia as one of the world's coal producers
have the availability of this type of coal is very abundant,
especially on the island of Kalimantan and Sumatera.
Especially, the island of Sumatera, low-rank coals is in the
province of South Sumatera.

South Sumatera which is one of the provinces in
Indonesia, has abundant coal reserves but their properties
have a high total moisture and low caloric content. Therefore,
they are categorised as low-rank coal. In contrary, their ash
and sulphur contents are low, which are an advantage for the
environment and preferred by Japan customer [14].

Nukman and Sipahutar reported that South Sumatera
Province also possess a diversity of crops potential in
biomass fuel. They are biomass in the form of wood, leaves,
grass as renewable energy, which used as firewood and
charcoal. The higher levels of moisture effects on the
duration of initial combustion. The produced volatile matter
consisted of a combination of several materials, such as light
hydrocarbon gases, carbon dioxide, carbon monoxide,
hydrogen, water, and tar. The wvery important light
hydrocarbon component is the early incendiary material in
combustion process [15]. In addition, according to
researchers [16] that the low-rank coal can be used to
optimize the growth and productivity of the corn crop.

There are 3 (three) districts in South Sumatera that
possess plenteous coal reserves such as the district of Muara
Enim, Musi Banyuasin, and Lahat, which were used in this
research.

Increasing the calorific value of South Sumatera low-rank
coal is needed for the combustion process. One of the
methods is to remove the moisture content of the coal using
drying process. This method has been observed by [17]
using experimental parameters such as particle size, drying
temperature, gas flow rate, and chemical structure. The
change of chemical structure during drying was investigated
using FTIR technique. FTIR technique was employed to
investigate the changes of chemical structure of coal upon
drying in air and nitrogen. Drying temperature and fluidising
gas flow rate were the most dominant factors affecting
drying characteristics of lignite. Drying rate increased with
increasing drying temperature and fluidising gas flow rate as
well as with decreasing the particle size.

II. MATERIAL AND METHOD

Coal studied were taken under the criteria of the location
of the coal producer in South Sumatra province and had a
fairly high moisture content, namely Muara Enim, Musi
Banyuasin, and Lahat. Samples taken examined in the
laboratory to determine the characteristics of the coal
proximate analysis (Table 1, 2, and 3). Furthermore, the
manufacture of coal sizes with 3 variations that 100 mesh,
60 mesh, and 20 mesh.

The coal samples were dried for 90 minutes using sunlight
and laboratory scaled oven. After the drying process, the




sample was sent back to the laboratory for proximate
analysis. The stages of testing on South Sumatera low-rank
coal are as follows.

A. The Preparation of Low-Rank Coal Samples

Coal studied were taken from Muara Enim, Banyuasin,
and Lahat having a high moisture content. Proximate
analyses are based on the following standards.

« Total Moisture (TM): ASTM D3302-12

« Inherent Moisture (IM): ASTM D3173-11

« Ash: ASTM D3174-11

« Volatile Matter (VM): ISO-562: 2010 (E)

« Fixed Carbon (FC): ASTM D3172-02(11) and

« Calorific Value (CV): ASTM D5865-11a.

B. Solar and Laboratory Scaled Oven Drying

Drying of South Sumatera low-rank coal samples was
conducted using sunlight and laboratory scaled oven. Some
measuring equipment were used including solar power meter
MSS-11168D, anemometer, thermocouple, WTC Binder
oven of 62 x 60 cm, and digital weight scale (Denver
Instrument Company AA-160).

Sunlight drying was conducted from 11.30 a.m. to 1.00
p-m. having an average solar energy of 965 W/m2, coal
temperature of 650C, the ambient temperature of 450C, and
wind velocity of 0.3 m/s.

III. RESULTS AND DISCUSSION

From the proximate analyses, it can be seen that all coal
samples selected in this study belong to the kind of low-rank
coal having a high total moisture content, low fixed carbon,
low ash content, and LCV. Details of the results can be seen
in Table 1, 2, and 3 below.

A. Proximate Analysis Results
TABLEI
THE SUMMARY OF CHARACTERISTIC OF RAW COAL SAMPLES OBTAINED
FROM MUARA ENIM MINE SITE (SOUTH SUMATERA)

Proximaie Analysis Uniis Values
the total moisture (tm) % ARB 24.75
inherent moisture (im) % ADB 7.81
fixed carbon (fc) % ADB 43.72
volatile matter (vin) % ADB 44.71
ash content (ash) % ADB 3.76
calorific value (cv) keal/kg ADB 6299

ARB: as received basis; b. ADB: air dried basis.

TABLE 1L
THE SUMMARY OF CHARACTERISTIC OF RAW COAL SAMPLES OBTAINED
FROM MUSI BANYUASIN MINE SITE (SOUTH SUMATERA)

Proximate analysis Units Values
the total moisture % ARB 2804
inherent moisture % ADB 8.22
fixed carbon % ADB 44 87
volatile matter % ADB 4342
ash content % ADB 349
calorific value keal’kg ADB 6190

ARDB: as received basis; b. ADB: air dried basis.

2000

TABLE I
THE SUMMARY OF CHARACTERISTIC OF RAW COAL SAMPLES OBTAINED
FROM LAHAT MINE SITE (SOUTH SUMATERA)

Proximate analysis Units Values
the total moisture % ARB 21.17
inherent moisture % ADB 8.27
fixed carbon % ADB 39.39
volatile matter % ADB 36.25
ash content % ADB 16.09
calorific value keal/kg ADB 5162

ARB: as received basis; b. ADB: air dried basis.

According to Tables 1, 2 and 3, the highest total moisture
of low-rank coal was Musi Banyuasin coal having low ash
content. Meanwhile, Lahat coal had the lowest total moisture
compared with Muara Enim and Musi Banyuasin coals but
having significantly high ash content. Muara Enim coal had
the highest calorific value with significantly low ash content.
In addition, Lahat coal had the lowest calorific value
compared to Muara Enim and Musi Banyuasin coals.

The Lahat, Muara Enim and Musi Banyuasin coals have
significantly different characteristics, but they are still
categorised as low-rank coals.

Drying process by using the direct solar heating system
and laboratory scaled oven were conducted to increase the
calorific values of each coal and to examine other effects on
the quality of coal.

B.  Drying Rate Curves

The moisture content values and the drying rate values
were calculated through the following equations:
X o Wi-wo (1)
Wz
The results of low-rank coal drying from Muara Enim,
Musi Banyuasin, and Lahat districts using sunlight are
shown in Fig. 1, Fig. 2, and Fig. 3, respectively. Fig. 4 to Fig.
12 showed the drying results using laboratory scaled oven.
Both methods have proven that the drying temperature has
been effective significantly to remove the amount of
moisture content.
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Fig. I Typical moisture contents at various times and coal particle sizes for
Muara Enim coal
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Fig. 2 Typical moisture content at various time and coal particle sizes for
Musi Banyuasin coal
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Fig. 3 Typical moisture content at various average time and coal particle
sizes for Lahat coal

Drying process by applying solar heating system directly
as shown in Figs. 1, 2 and 3 resulted in the decreased
moisture content differently.for the three coals collecting
from three different sources. It can also be seen that the coal
size affect the decreasing process of that moisture content.
The mean drying air temperature reached was about 65 °C
due to the instability of solar heat and air velocity on coal
surface. The decrease of moisture content on coal with the
particle size of 100 mesh was faster compared with coals
with particle sizes of 60 and 20 mesh. Lahat coal had better-
decreased trend compared with Muara Enim and Musi
Banyuasin coals for the same drying time.

Fig. 4 to Fig. 12 show drying process curves by using the
scaled oven for Muara Enim, Musi Banyuasin, and Lahat
coals. The maximum drying temperature was 90 °C, and
minimum drying temperature was 40“C in drying time of 90
minutes.

30,00%

25,007

——T=100C
1000% - eigmT=80C

Moisture Content (%)
&
=]
E

5 00% =i T=560C
———=80C
0,00%
0 15 30 45 6l i 2.

Time (min)
Fig. 4 Typical variation of moisture content at various times and drying
temperatures for Muara Enim coal (mesh 100)
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Fig. 5 Typical variation of moisture content at various times and drying
temperatures for Muara Enim coal (mesh 60)
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Fig. 6 Typical variarion of moisture content at various times and drying
temperatures for Muara Enim coal (mesh 20)
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Fig. 8 Typical variation of moisture content at various times and drying
temperatures for Musi Banyuasin coal (mesh 60)
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Fig. 9 Typical variation of moisture content at various times and drying
temperatures for Musi Banyuasin coal (mesh 20)
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Fig. 10 Typical variation of moisture content at various times and drying
temperatures for Lahat coal (mesh 100)
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Fig. 12 Typical variation of moisture content at various times and drying

temperatures for Lahat coal (mesh 20)

The decrease in moisture content for the three different
coals examined showed almost the same trend. Temperature
plays an important role in the drying process, a higher
temperature will remove much more moisture from the low-
rank coal, and also smaller size of coal particles will remove
moisture more easily.and fastly.

C. Proximate Analysis

Proximate analysis of the South Sumatera LRC's samples
was carried out after drying process in the oven. The
changes in the chemical properties of the coal were revealed.
Generally, the moisture content decreased with increasing
drying temperature. The highest decreased was 91.3 % for
Muara Enim coal at drying temperature of 100 “C and coal
particle size of 20 mesh. The highest decreased was 90.6 %
for Musi Banyuasin coal at drying temperature of 100 °C and
coal particle size of 20 mesh. The highest decreased was
97.3 % for Lahat coal at drying temperature of 100 °C and
coal particle size of 20 mesh.
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Fig. 13 Proximate analysis of the Muara Enim, Musi Banyuasin, and Lahat

coal samples before and after upgrading (drying in an oven at temperature
of 100°C)
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Fig. 14 Calorific values of the Muara Enim, Musi Banyuasin, Lahat coal
samples before and after upgrading (drying in an oven at temperature of
100°C)

The calorific values for Muara Enim coal increased from
6299 to 6393 kecal/kg ( an increase of 1.49 %), for Musi
Banyuasin coal increased from 6190 to 6792 kcal’kg ( an
increase of 9.73 %), and for Lahat coal increased from 5162
to 5737 kcal/kg ( an increase of 11.14 %).

IV. CONCLUSIONS

The results of the experimental low-rank coal showed
increased percentages of caloric values varying for the three
types of coal investigated. The highest increased percentage
obtained from Lahat coal as much as 11.14% at a drying
temperature of 100°C and coal particle size of 20 mesh.

The results of experiments also showed a decrease in
moisture content as a function of temperature drying and
coal particle size. The highest increased percentage obtained
from Lahat coal as much as 97.3% using the oven at a
temperature of 100 °C and coal particle size of 20 mesh.

Drying processes with sunlight and laboratory scaled oven
at various temperatures didn’t experience spontaneous
ignition.

NOMENCLATURE
X moisture content at any time %
W, initial coal sample weight kg moisture/kg dry coal
W,  dried coal weight kg moisture/kg dry coal
T temperature ‘C
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