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Abstract: Palm kernel shells have great potential as biomass and renewable energy sources. Its
utilization has not been maximized which is only directly burned which causes air pollution. The
accumulation of solid waste in the crude palm oil processing industry negatively impacts the
environment. The research aims to determine the characteristics and quality of charcoal briquettes
with palm kernel shell carbonization. The main findings of this study are the calorific value, water
content, volatile matter, ash content, and fixed carbon in palm kernel shell charcoal briquettes with
damar binder. The experimental research method was carried out by carbonizing the raw materials
of palm kernel shell briquettes, applying various concentrations of damar binder mixtures. The
technical parameters of briquette making were 10 MPa pressure, 60 mesh size, and different
carbonization temperatures by furnace. The calorific and proximate were empirically measured by
using a bomb calorimeter. This research produced palm kernel shell charcoal briquettes with a
calorific value of 30.72 M]/kg at a carbonization temperature of 500°C and concentration of
85%:15%, a moisture content of 5.18%, volatile matter of 32.72%, ash content of 2.81%, and
fixed carbon of 57.90%. Palm kernel shell charcoal briquetting technology is potentially a
recommended alternative solid fuel. Consequently, developing renewable energy that is
environmentally friendly leads to achieve sustainable energy security. By utilizing waste, the

negative impacts on the environment can be overcome and energy needs are also resolved.
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1. Introduction

The need and demand for energy, especially fuel oil, is increasing due to its high usage. Solid fuel
adoption is the effective way to accelerate the provision of alternative options, in the form of
biomass as Indonesia's great potential on renewable energy for sustainable green energy. Referring
to the Sustainable Development Goals (SDGs), the use of biomass as a solid fuel supports clean
energy provision, emission reduction, and sustainable waste management. Therefore, more
practical development is needed to obtain solid fuels as alternative energy as it is predicted that in
2030, the production of Palm Empty Bunches in Indonesia will reach 54 million tons, with
estimated palm kernel shell waste up to 15 million tons [1]. However, the use of palm kernel shells
in production has not been optimal yet in Indonesia [2]. Waste from palm oil processing in the form
of palm kernel shells is a biomass that is potentially as an energy source with high calorific value and
unique physical characteristics [3]. Increasing the potential use of biomass energy can be done by
employing briquette densification technology [4]. Briquettes are forms of useful products of solid
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fuel that is processed by appropriate methods. Briquettes become an excellent solution and cost-
saving production method for overcoming the shortage of fossil fuels and renewable energy sources

[5]-

A method of converting biomass into a specific form which can be easily utilized is briquetting with
compaction. Some of the requirements of a good briquette are having a flat texture and no black
marks, easy to ignite and not emitting a lot of smoke, non-toxic gas emissions, Watertight and not
moldy, and having high combustion rate. There are three ways of briquetting technology which are
affected by molding pressure, heating, and binders. The briquette binder plays an important role in
producing good-quality briquettes. The quality of the briquette binder also influences the quality
and performance of the briquettes [6]. The use of organic or inorganic binders affects the bonding
ability of compacted materials [7]. Combustion calorific value can be affected by the use and
selection of binders. The quality of briquettes is influenced by the nature of the binder, combustion
characteristics, mechanical durability, and density of the fuel briquette [8].

In an effort to develop biomass materials and potential into innovative products for energy needs,
converting biomass into a highly efficient solid fuel is the subject of much research [9]. Solid fuel
as a biomass energy development can be realized by utilizing palm kernel shells. The potential of
palm oil waste has been found as an alternative fuel source. Palm kernel shell is the innermost
part of the oil palm fruit and has a hard structure. After the oil palm fruit is processed, the shell
only becomes the solid waste factory. It have been found that palm kernel shells can be produced
into briquettes with promising characteristics. Palm kernel shell as a biomass product, which is as
a source of biofuel, has a high content so that it can produce a large maximum heat energy [10].
It is very suitable for further processing to facilitate efficient use as a briquetted solid fuel. The huge
and valuable potential of palm kernel shells is to augment energy security through renewable
technologies [11]. Research produced an energy source by utilizing palm kernel shells from an
economic and environmental perspective [12]. Another one proved an environmentally friendly
solid fuel by producing palm kernel shell briquettes that have a calorific value of 18.72 M]/kg [13].
Research on hybrid briquettes mixed with bagasse and durian peel at a mixture of 80%: 20% has
a calorific value of 14.92 M]/kg [14]. The tibarau biobriquettes through carbonization technology
at a temperature of 300 with a concentration of 80%: 20% using damar binder obtained a calorific
value of 36.94 M]/kg [15].

Process innovation to produce briquettes can be developed through carbonization or pyrolysis so
as to improve the quality of its structures and characteristics. Carbonization is conducted with
thermal decomposition process in the absence of oxygen with fast, slow, medium heating rate
[16]. The parameters of the carbonization process can produce good quality charcoal based on the
type of biomass and its characteristics [17]. The carbonization process is also able to produce
physical properties and increasing the calorific value of palm kernel shell charcoal briquettes [18].
The process can break down the waste into charcoal, volatile matter, and water content [19].
Significant improvements in the mechanical decomposition of char can be achieved by
carbonization processes at final temperatures above 500°C [20]. The calorific value of charcoal
and ash content can increase, from pyrolysis temperature of 250°C to 450°C [21].

From several studies that have been conducted on palm shell briquettes, further research on
examining the significant impact of the carbonization process on palm kernel shells is needed.
Additionally, optimization of carbonization temperature with a mixture of raw materials and the
use of damar binders that produce information on the characteristics of palm kernel shells charcoal
briquettes (calorific value, moisture content, volatile matter, ash content, and fixed carbon) is also
demanded. The success of this experimental research is an innovation in producing solid fuels that
can guarantee energy sustainability by utilizing waste.
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2. Material and methods

The palm kernel shell charcoal used in this study was obtained from industrial waste from a palm
oil processing plant. Palm kernel shells contain 33.4 wt% cellulose, 14.4 wt% hemicellulose, and
46.3 wt% lignin [22]. The thermochemical characteristics of palm kernel shells are having a calorific
value of 20.89 M]/kg, moisture content (wt%) 11.89, ash (wt%) 3.87, and carbon (wt%) 50.83
[23]. In this study, damar was used as a binder in making briquettes made from palm kernel shell
charcoal. The thermochemical characteristics of damar are having a calorific value of 30.37 M]/kg,
moisture 1.67%, volatile matter 80.55%, ash 17.7%, fixed carbon 0.07%, and carbon 61.145%
[24].

The process of making coconut shell charcoal briquettes was carried out in several structured and
sequential stages, which were focused on laboratory experimental research. This research is an
effort to find the optimal mixture of raw materials and adhesives. Technical parameters of the
briquette making process need to be considered, including carbonization temperature, mixture
percentage, briquette compressive strength, and particle size. Briquettes production experiment
setup is shown in Figure 1.

Palm shell waste Carbonization Palm shell Charcoal Crushing The charcoal powder

Drying Briquette Briquette molding

Mixture

Figure 1. Briquettes production experiment process

The prepared palm shells were cleaned by washing to remove any attached fibers. They were then
dried in the sun for several days until totally dry. The dried palm shells were carbonized or
pyrolyzed using a CWF 1200 type Carbolite Furnace. Carbonization control parameters, such as
final temperature, heating rate, and pressure, can contribute to improving the mechanical resistance
of charcoal [20]. The high variability of the energy properties of charcoal and charcoal briquettes
requires stricter control of carbonization (process parameters) [25]. The carbonization
temperatures used are 400°C; 450°C; and 500°C with a holding time of 1 hour [26], that to clarify
the physicochemical characteristics of charcoal and its combustion reactivity, carbonization or
pyrolysis can be carried out at temperatures of 400°C to 700°C. The carbonization process of palm
shells at high temperatures tends to have an impact on the calorific value and volatile substances
[27]. The carbonization process between 280°C to 500°C results in significant mass loss and a

decrease in mechanical properties [28].
The finished carbonized palm kernel shells were then grounded and smoothed with a crushing

machine. The charcoal powder was used in making briquettes with a size of 60 mesh [29]. The
concentration of palm shell charcoal in making biomass briquettes used was 80%wt; 85%wt to
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90%wt. The selection of this concentration was based on previous biomass waste research using a
raw material concentration of 80%wt [15][30].

In the process of making briquettes, binders were always used to strengthen and maintain the
cohesion of raw material particles. Powdered damar binder was used in this study. The use and
selection of binders are important in making briquettes, which can affect their characteristics and
quality. According to research [24], damar binders have good thermochemical characteristics so
that they can increase the thermal efficiency of the briquette combustion process. In addition, it
shows the highest calorific value of biobriquettes with the use of damar binders [30]. Based on these
studies, however, damar was used as a binder to increase the calorific value of briquettes. The
binder concentration in making briquettes used 20%wt; 15%wt; 10%wt, where the selection of
values was based on previous research that balances the ratio of the combination to the main raw
material to become 100%wt.

In making briquettes, palm shell charcoal was mixed with a damar binder and 50 ml of water was
added to facilitate stirring. Mixing and stirring were done in a glass container or cup. The moulding
and production of briquettes used a simple hydraulic press moulding tool with a manual jack which
was equipped with a pressure gauge. Based on previous research [17], the briquette moulding
pressure was 10 MPa. The briquette mould was made of a pipe, resulting its diameter of 55 mm, a
height of 29 mm, and a centre hole diameter of 11 mm (dimensions of the produced briquettes).
They were then dried by putting them in a heating oven at a temperature of 110°C for 1 hour [31].
The briquettes were then dried in the sun for 4 days [32].

On the next stage, a portion of the dry briquette test sample was cut to test the calorific value and
proximate testing (moisture content, volatile matter, ash content, and fixed carbon). This test was
carried out based on ASTM using the Boom Calorimeter Analyzer type LECO AC500. In this study,
calorific value testing was conducted following ASTM D5865-19 [32] and proximate testing was
done following ASTM D7582-15 [33]. The empirical measurement data obtained from the test
equipment were made in the form of tables and graphs and were explained in narrative form with
casy-to-understand interpretation. The targeted achievement in this study is the characteristics and
quality of palm shell biomass briquettes according to the SNI [34] as a solution to achieve
environmentally friendly green energy sources in their use. It analysed the variation on mix
composition and treatment parameters as indicators of need. Theoretically, mathematical
calculations could be obtained for the calorific value of palm kernel shell charcoal briquettes.
Hence, the average calorific value of palm kernel shell charcoal briquettes could be revealed.

3. Results and discussion

The results of the conducted experiments showed the quality and characteristics of palm shell
charcoal briquettes with damar binders and various variations. In this study, various carbonization
temperatures were used. Testing and measurement were focused on obtaining calorific values from
empirical measurements using a Bomb Calorimeter Analyzer. Burning a biomass test sample in a
bomb vessel and measuring its combustion impact is the working principle of the bomb calorimeter.
The heat generated from the combustion of the test sample causes an increase in temperature in the
vessel and surrounding water [35]. This calorific value was obtained based on empirical
measurement results from the test. Based on testing on the Bomb Calorimeter, the calorific value
of the briquettes was obtained as shown in Figure 2.

In Figure 2, the briquette blending concentration at each carbonization temperature produced
different heating values. The highest calorific value at each carbonization temperature was at
85%wt:15%wt concentration compared to other blending concentrations. Sequentially, the
calorific value of the 85%wt:15%wt blend concentration briquettes at 400, 450, and 500°C
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carbonization temperatures were 29.61 M]/kg, 30.58 M]/kg, and 30.72 M]/kg, respectively.
Based on the test results, it can be said that the calorific value of each briquette specimen is also
influenced by the concentration of the mixture used between palm kernel shell charcoal and damar
binder. The concentration of the mixture used in this study showed an influence on the calorific
value. In addition, the use of binder types in making briquettes can affect the calorific value and
quality characteristics [36]. The more damar binder used, the lower the calorific value, but if the
binder concentration is smaller, the calorific value will also decrease.

The highest calorific value was at a carbonization temperature of 500°C when compared to that of
400°C and 450°C. It was also applied in each concentration mixture. This condition shows that the
higher the carbonization temperature for the three variations, the higher the calorific value. The
carbonization temperature set out included medium carbonization between 400 to 500°C which is
the optimal temperature to produce biochar with a good pore structure and high fixed carbon
content. Biochar in briquettes not only increases the calorific value but also makes briquettes more

sustainable and efficient [37][38].
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Figure 2. Calorific value of palm kernel shell charcoal briquettes

Palm kernel shell charcoal carbonized at 500°C had a high fixed carbon content (70 - 80%) at a
concentration of 85%wt so that the pore structure was well developed, and was estimated to
contribute a larger calorific value. In addition, a temperature of 500°C is the optimal point for
decomposing volatile compounds (cellulose, lignin) without damaging the carbon structure. The
concentration of damar binder 15%wt can increase the energy density without interfering with the
combustion of charcoal [30], so that there is no blockage in the pores of the oil palm shell charcoal,
and it does not reduce oxygen during combustion. Carbonization of palm shells at 500°C can
remove moisture content and volatile matter, but maintain lignin, converted into solid carbon [20].
This temperature also minimizes ash content and increases the high calorific value. The impact of
carbonization greatly contributed to the calorific value. The calorific value as a fuel characteristic
will increase along with the increase of carbonization or pyrolysis temperature [39]. Increasing the
calorific value of briquettes by adding adhesives results in high volatile content and low ash content

[40].

Research conducted by Mbada et al., [41] produced palm shell charcoal briquettes, which through
the carbonization process, had a calorific value of 26.54 M]/kg as solid fuel. When it is compared
to the results of this study, the calorific value was higher. However, when compared to anthracite
coal briquettes, which had a calorific value of 33.5 M]/kg [42], palm shell charcoal briquettes were
still low. Research by Sukarta et al., [43] experimented on coffee wood charcoal briquettes and
obtained a calorific value of 28.13 M]/kg. This result is still lower compared to palm shell charcoal
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briquettes with damar binder. Comparison with several previous studies, that the calorific value of
the palm shell charcoal briquettes produced is better than the calorific value of coffee wood charcoal
briquettes and palm shell charcoal briquettes but lower than the calorific value of anthracite coal
briquettes. The higher calorific value of carbonized palm kernel shells is relatively higher than that
of firewood, peat, and lignin, but lower than that of anthracite coal [41]. Figure 3 compares the
calorific value of the palm shell charcoal briquettes produced in this study with several other types

of solid fuels.
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Figure 3.  Calorific values of some selected solid fuel

The carbonization process aims to produce smokeless fuel on the flame and remove some of the
water content [41]. The effect of carbonization temperature shows that the amount of carbon
produced is smaller with higher temperatures, but there is an increase in tar produced. According
to research [44], high carbonization temperatures tend to reduce the calorific value, volatile
substances, water content, and fixed carbon, but the ash content of the briquettes tends to increase.
The following is a classification of charcoal briquettes with the highest heating value based on their
carbonization temperature. The classification of briquettes is generated from proximate tests as a
test continuation to obtain more detailed characteristics. The briquette characteristics from the
proximate test results include moisture content, volatile matter, ash content, and fixed carbon. The
classification of palm kernel shell charcoal briquettes and rosin binder with a mixture concentration
of 85%:15% at a carbonization temperature of 500°C is shown in Table 1.

Table 1. Classification of palm kernel shell charcoal briquettes with damar binder at 85%:15%
mixture at 500°C carbonization

Carbonization Calorific Moisture Volatile Ash Fixed
temperature value content Matter Content Carbon
(‘) (M]/kg) (%) (%) (%) (%)
400 29.61 5.64 42.45 3.59 48.33
450 30.52 5.28 37.36 3.11 55.07
500 30.72 5.18 32.72 2.81 57.90

Briquette moisture content is the amount of water contained in the briquette [45]. This parameter
was got by measuring the mass of the briquette before and after being heated in the oven. High
moisture content impacted on the stability and calorific value of the briquette. Other problems
arose when the briquette was stored and distributed [46]. Table 1 shows the moisture content of
palm shell charcoal briquettes against carbonization temperature. Based on the test results, it can
be seen that the moisture content of each briquette is different. The results of the moisture content
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test for briquettes with charcoal raw materials at temperatures of 400°C, 450°C, 500°C were
5.64%, 5.28% and 5.18%, respectively. The lower the water content, the higher the calorific value
of the briquettes. The difference in moisture content results was caused by the decomposition of
charcoal particle absorption resulted from carbonization. Some previous studies have proven that
the use of damar binders in briquettes can reduce the moisture content. It is in line with the study,
finding that briquettes with damar binders will obtain lower water content, between 3.33 and
4.21% [30]. In addition, the use of damar binders in biobriquettes obtained low moisture content,
approximately between 2.21 and 2.72% [5]. Moisture content in this range can ensure stability and
durability during storage. In addition, damar binders are known to have a moisture content of
1.67% [24]. In this study, palm kernel shell charcoal briquettes and damar binders with a mixture
concentration of 85%wt:15%wt produced a moisture content of 5.18 -5.68%. The results showed
that the moisture content of all palm kernel shell charcoal briquettes met the criteria of the
Indonesian National Standard (SNI) with a moisture content less than 8% [34].

Volatile matter is a component of carbon, hydrogen, and oxygen contained in biomass briquettes,
when heated, vapor containing a mixture of hydrocarbons will be released [47]. Volatile matter is
an indicator of briquette quality consisting of various chemical compounds, comprising hydrogen,
carbon monoxide, methane, carbon dioxide, and water [48]. Table 1 shows the volatile matter
values of palm kernel shell charcoal briquettes and damar binders. The volatile matter values of
charcoal briquettes at 400°C, 450°C, and 500°C carbonization were 42.45%, 37.36%, and
32.72%, respectively. The results of this study indicate that the volatile matter content of briquettes
is influenced by the use of binders in making charcoal briquettes and carbonization temperature.
The volatile matter composition of damar is 80.55%, which results in a high volatile matter content
when used in charcoal briquettes [24]. Furthermore, the level of volatile matter in briquettes is
influenced by the type of adhesive, and the concentration of the mixture in making charcoal
briquettes greatly affects it [49]. High levels of volatile substances will accelerate the combustion of
carbon materials which results in lower carbon content and more smoke from combustion. In
addition, high volatile matter levels indicate that the fuel samples readily ignite with a proportional
flame throughout the combustion process [50]. However, the volatile substances of all briquettes
in this study do not meet the criteria of the Indonesian National Standard (SNI) which sets the
standard for volatile matter in briquettes is less than15% [34].

Briquettes made from palm kernel shell charcoal produce ash content as a combustion residue [51],
[52]. Table 1 shows the effect of carbonized briquette materials with damar binder on the measured
ash content. The ash content of charcoal briquettes carbonized at 400°C, 450°C, and 500°C were
3.59%, 3.11%, and 2.81%, respectively. The ash content of damar in the study showed a value of
17.7% [24]. This is not expected to have an impact when rosin was used as a binder in making
charcoal briquettes. In fact, the ash content of the charcoal briquettes shown in Table 1 is between
2.81% and 3.59%. Other studies have produced charcoal briquettes with an ash content of 1.02%
to 1.13% [53], and a high calorific value. Research on bagasse charcoal briquettes with rosin binder
obtained ash content between 2.52% to 4.96% [30]. There is a high ash content of charcoal
briquettes which is 17.6% [54]. Another study on alaban biomass waste briquettes with damar
binder obtained ash content between 5.34 - 7.86 [5]. High ash content in charcoal briquettes has a
serious impact on the environment and human health if it is used inappropriately [55]. The results
of this study show that the ash content in all coconut shell charcoal briquette specimens has met the
criteria of the Indonesian National Standard (SNI) which is a maximum of 8% [34].

Fixed carbon is the residual carbon trapped in charcoal briquettes after the release of volatiles. Table
1 shows the fixed carbon content of carbonized charcoal briquettes with damar binder. The fixed
carbon content of carbonized charcoal briquettes at 400°C, 450°C, and 500°C were 48.33%,
55.07%, and 57.90%, respectively. The results showed that the fixed carbon of charcoal briquettes
was influenced by the carbonization temperature, where at 500°C, a fixed carbon content of
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57.90% was obtained. The fixed carbon content of charcoal briquettes can reach 60% and the
volatile substance content is below 40% [17]. Other briquettes have low fixed carbon values for
less than 50% and impact on calorific value [56]. It is in line with statements from other studies that
the higher the volatile matter, the lower the bound carbon and vice versa [57]. Moisture content,
ash content, and volatile matter have an impact on the fixed carbon content. Lower moisture
content, ash content, and volatile matter result on higher fixed carbon content. Conversely, if the
fixed carbon content is lower, the moisture content, ash content, and volatile matter will have high
values. Carbonization temperature affects the briquette material, where an increase in temperature
determines an increase in fixed carbon, and a decrease in volatile matter [17]. The carbonization
process of the briquette feedstock affects the fixed carbon content, where increasing the heating
rate determines the reduction of volatile substances [58]. In this study, palm kernel shell charcoal
briquettes have higher bound carbon content and low volatile matter content. If the opposite
happens, the original mass of the final product of charcoal briquettes will lose a lot. There is an
increase in the interlock of palm kernel shell charcoal particles and damar binder during the
briquetting process, resulting a raise in the fixed carbon content. The higher the fixed carbon
content, the better the quality of charcoal briquettes [48].

The quality parameters of charcoal briquettes were determined based on their physical and chemical
properties, including moisture content, volatile matter content, ash content, and bound carbon
content. Indonesian charcoal briquette quality standards refer to the Indonesian National Standard
(SNI) [34]. The quality of charcoal briquettes for each country, including Japan, England, and the
USA, also has standards [59]. Compliance of research results with briquette quality standards and
determination of the best quality briquettes SNI was used to determine briquette specifications.
Table 2 shows the calorific value of briquettes at a composition of 85%:15% palm shell charcoal
and damar binder with carbonization 500°C. Based on Table 2, the briquettes produced in this
study have met the commercial briquette quality standards of Indonesia, Japan, England, and the
USA, have high calorific value, low water content, volatile matter, ash content, and fixed carbon.

Table 2. Comparison of research results based on briquette standards in various countries

Standard

Properties Japan England USA SNI This study
Moisture content (%) 6-8 3-4 6 8 5.64-6.18
Volatile matter (%) 15-30 16.4 19 - 28 15 32.72 - 42.45
Ash content (%) 3-6 59 8.3 8 3.21-3.59
Fixed carbon (%) 60 - 80 75.3 60 77 48.33 - 57.90
Calorific value (cal/g) 6000-7000 7300 6500 5000 7077 - 7342

From the results of the research conducted, it shows that the quality of palm kernel shell charcoal
briquettes with damar binder has met SNI standards (briquette calorific value, moisture content,
ash content, and fixed carbon). However, in proximate testing, volatile matter is still high
compared to SNI standards. When compared with commercial briquettes set by various countries
shown in Table 2, it can be concluded that the charcoal briquettes produced in this study are in
accordance with the quality standardized by those countries. However, the parameter that must be
achieved by briquettes as solid fuel is their calorific value. The results of this study can be
recommended as an alternative solid fuel in sustainable and potential energy waste utilization.

The utilization of palm kernel shell waste is an innovation in the development of alternative fuel
engineering. The research findings emphasize the need to prioritize and explore blending to
improve the energy quality of biomass briquettes that contribute to sustainable energy development
[60]. The demand for biomass diversification in achieving progress in renewable energy utilization
is highly influential and interdependent on the environment. Dealing with public acceptance of
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biomass materials and products as alternatives is a challenge in their use, thus affecting the
sustainability [61] of waste utilization with energy potential and a major impact on the environment.
Energy derived from plant waste (biomass) is one of the renewable energies as a solution in meeting
energy needs and can reduce negative environmental impacts [62]. The efforts of waste utilization
contributes to energy diversification [63] which leads to the waste value increase, one of them is,
by integrating agroindustrial biomass in solid fuel formulations [64]. To balance and save the
environment, it is necessary to sustain the development of renewable biomass energy in briquetting
technology [65]. By utilizing palm kernel shell waste as raw material for briquettes to obtain solid
fuel, the negative impacts on the environment can be overcome. In addition, the utilization of palm
kernel shell waste can ensure the energy sustainability of biomass use, renewable energy as green
energy.

4. Conclusion

The results show that palm kernel shell waste is suitable for briquetting as it has a high calorific
value. Briquettes have potential as solid fuels that require binding additives. Further processing by
carbonization at various temperatures is the way to increase their energy content. The combustion
characteristics and quality of briquettes made from palm kernel shell waste biomass are based on
variations in material composition and concentration. The material composition affects the
characteristics and quality of the briquettes. The production of palm kernel shell charcoal briquettes
using damar binder has been successfully carried out in this study. The natural damar binder used
contributes to the characteristics and quality of the charcoal briquettes, which plays an effective
role. The findings of the research evaluating the quality characteristics of palm kernel shell charcoal
briquettes and damar binders with an optimum mixture concentration of 85%-15% carbonized at
500°C produced a moisture content of 5.18%, fly substance content of 32.72%, ash content of
2.81%, fixed carbon of 57.90%, and calorific value of 30.72 M]/kg. The greater the briquette
characteristics obtained, the greater the composition of charcoal briquettes, with lower moisture
and ash content, and higher calorific value according to SNI requirements. The study shows that
the characteristics of palm kernel shell charcoal as well as the carbonization process parameters,
such as final peak temperature and heating rate, affect the mechanical characteristics of the charcoal.
The best charcoal briquette characteristics were achieved with carbonization at 500°C which was
characterized by the highest heating value parameter compared to other carbonization
temperatures. Among the resulted calorific value of briquettes, it is lower than that of coal
briquettes (anthracite), but higher than that of wood charcoal briquettes. The compliance of the
research results with briquette quality standards shows that briquettes made from palm kernel shell
charcoal waste can be used as commercial briquettes. The development of these charcoal briquettes
increases the economic value of palm kernel shell waste and overcomes waste problems, thus
realizing renewable energy diversification. In utilizing palm oil industry waste to contribute and
support the principles on sustainable energy development, palm kernel shell charcoal briquettes
with damar binders were explored with various blending strategies to improve the energy quality
of biomass charcoal briquettes. In regard to this, further research can be developed by looking for
other biomass wastes, users of adhesives for blending to optimize their energy content to ensure

their commercial viability and environmental impact.
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