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Abstract: The utilization of coconut shells as fuel still has several obstacles, including non-
uniform size, low heating value, and low density. Pyrolysis of coconut shells into biochar is used to
increase the calorific value and minimize the formation of smoke when burning. Biochar briquetting
is needed to increase energy density and uniform size. The purpose of this study was to determine
the effect of the type of binder and the concentration on the characteristics of biochar briquettes. The
binder used were molasses, cow manure, and horse manure. Molasses is most suitable for use as a
binder because it has sticky properties and sufficient moisture content. The ratio of biochar: molasses
70:30 produces briquettes with the best characteristics. In the drop test with a height of 1 m and 1.8
m, biochar briquettes with molasses binder still have 99% size stability.
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1. Introduction

Agricultural and livestock waste in developing
countries has not been used optimally, most of it is only
disposed of in landfills". Waste should be processed into
useful materials and could reduce environmental pollution
such as biofuels?. Biomass has several disadvantages for
direct use as fuel such as high moisture content, low
heating value, and low energy density ¥. Therefore, efforts
are needed to improve the quality of biomass as an energy
source by pyrolysis and processing pyrolysis products into
briquettes. Pyrolysis is the thermal conversion of biomass
to increase its calorific value®. Pyrolysis consists of fast
pyrolysis, intermediate pyrolysis and slow pyrolysis,
which results in different product characteristics. Fast
pyrolysis is carried out at a temperature of 500°C with a
heating rate of more than 1000°C/s and solid residence
time under 1 second. Meanwhile, intermediate pyrolysis
is run at a temperature of 400-500°C with a heating rate
of 1-1000°C/s and a solid residence time of 1-30 minutes.
Slow pyrolysis is carried out at a temperature of 300°C to
500°C with a heating rate below 1°C/s and solid residence
time from hours to days. Slow pyrolysis will produce
biochar as the majority product”. Biochar from pyrolysis
can also be used as activated carbon for various
applications®!'D. Compression of biomass or biochar into
briquettes/ pellets is used to increase energy density'?.

In the briquetting of coconut shell char required binder
to improve physical and combustion characteristics of
biochar briquettes'> 'Y, Withot binder, biochar briquettes
will crumbe more easily. Briquette binder affects the
density, compressive resistance, calorific value, moisture
content and ash content. Cassava starch and wheat starch
are usually used as binders'> !9, The use of this binder
competes with food needs, so it is necessary to explore
other materials that can be used as binders. According to
a review of the literature, there has been no research
employing cow and horse manure as a binder for
briquettes generated from coconut shell char. Molasses,
cow manure and horse manure have sticky characteristics
that are considered suitable for use as a binder in the
briquetting, not as the main component in the manufacture
of briquettes'” '¥. Binders such as molasses and cow and
horse manure are used to attract water and build a compact
framework. With the addition of a binder, the particle
arrangement will be better and denser after the pressing
process. The heating value (HHV) of molases is 14
MlJ/kg!?, cow manure (dry basis) is 15-16 MJ/kg?* 2b,
while horse manure is 15-17.5 MJ/kg??. The heating value
of coconut shell is 18-20 MIJ/kg, while coconut shell
biochar has a heating value of 23-24 MJ/kg??. In addition
to briquette binders, molasses and animal dung can be
processed into composites to increase combustion
properties'>. Briquettes can be used directly for
combustion in stoves and as raw materials for the
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gasification process®*29), Biochar briquettes can be used
as raw material for gasification to produce tar-free syngas,
a high H,/CO ratio and reduce CO; emission®®. Syngas
with high H»/CO ratio can be used as raw material for
chemical synthesis such as methanol, DME etc?”. The
purpose of this study was to characterize briquettes from
biochar using several binders: molasses, cow manure, and
horse manure.

2. Material and method

2.1 Material

Coconut shells, horse manure, cow manure, molasses
were obtained from Magetan, East Java, Indonesia.
Coconut shells were cleaned from the rest of the coconut
fiber, then sun-dried for a day. The proximate and ultimate
of coconut shell are presented in Table 1. The moisture
content of the molasses used was 20%, while cow and
horse manure had moisture contents of 80% and 75%,
respectively (without pre-treatment).

2.2 Pyrolysis of coconut shell

6 kg of coconut shell was put into the autothermal
pyrolyzer with diameter of 35 cm and a height of 43 cm.
Pyrolysis was carried out by burning part (about 5%-10%)
of the coconut shell until the pyrolyzer temperature
reached 600°C, immediately the pyrolyzer was closed so
that it was airtight for 24 hours. Separate the biochar from
the coconut shell and grind it using a miller and sieve it on
a 50 mesh size.

Table 1. Proximate and ultimate analysis of Coconut shell

Characterization of Coconut Shell
1 Proximate analysis (adb)
Moisture 10.66%
Volatile matter 69.89%
Fixed Carbon 19.65%
Ash 0.80%
2 Ultimate analysis (adb)
Carbon 48.10%
Hydrogen 6.47%
Oxygen 43.72%
Nitrogen 0.80%
Sulfur 0.11%
3 Heating value, HHV (kJ/kg) 18376

2.3 Production of briquettes

Briquetting was done by mixing 35 grams of biochar
with a binder in certain variations then the dough was put
into a briquette mold with the size of 4 cm x4 cm x 7 cm
(length x width x height) (Fig. 1) and pressed with a
pressure of 3.5 tons/in? using a hydraulic press and hold
for 10 minutes. The biochar briquettes were dried in an
oven at 60°C for 24 hours. Experiments were carried out
on mixing biochar with various binder concentrations to

determine the optimum composition as presented in Table
2.

Table 2. Biochar-binder ratio

. Binder (gram)
. Biochar
Variation (gram) Molasses Cow Horse
Manure | Manure

72%:28% 35 14 - -
72%:28% 35 - 14 -
72%:28% 35 - - 14
70%:30% 35 15 - -
70%:30% 35 - 15 -
70%:30% 35 - - 15

2.3 Briquettes Characterization

2.3.1 Moisture

The method of testing the water content of briquettes
is in accordance with SNI-06-3730-1995. Drying was
carried out at a temperature of 105°C in the oven for 24
hours. Calculation of water content is as follows

) _ b-—c(gram)
Moisture (%) = b (gram) X 100 % (1
a= empty cup weight (gram)
b= cup weight + sample before drying (gram)
¢ = cup weight + sample after drying (gram)

Fig. 1: Briquette Mold

2.3.2 Density

The density of briquettes was determined by weighing
the briquettes, measuring the length, width, and height of
the briquettes, and calculating the volume of briquettes
according to ASTM D2395-17.
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2.3.3 Drop test

The drop test aims to determine the strength of the
briquettes. The mass of the briquettes to be tested was
measured first. Briquettes were lifted and dropped from a
height of 180 cm according to ASTM D440-49 procedure.
The remaining briquettes (large pieces) were weighted.
The calculation procedure related to the drop test uses the
formula:

Size stability % = (100 x s)/S (2)
Friability % =100 — size stability 3)
S= weight of briquettes before dropping (gram)

s = weight of briquettes after dropping (gram)

2.3.4 Combustion rate

The combustion rate test was carried out by burning the
briquettes into ashes, then calculating the burnt briquette
weight and burning duration. The weight of the burned
briquettes was calculated from the initial weight of the
briquettes minus the weight of the ash resulting from the
combustion. Burning duration was measured using a
stopwatch. The equation used to determine the rate of
combustion is as follows.

burnt briquette weight (g)

combustion rate (g/s) = “4)

burning duration (s)

3. Result and discussion

3.1 Pyrolysis

The temperature of the pyrolyzer is measured to reach
500-600°C during the autothermal pyrolysis process,
which begins with a partial combustion starter. The
pyrolyzer is then closed to prevent air from entering, and
the temperature decreases at a rate of less than 1°C/s. To
maximize the pyrolysis process, the pyrolyzer is left for
one day. This pyrolysis process is slow pyrolysis. The
lower heating rate will produce biochar as the main
product, while at a higher heating rate, it will tend to
produce pyrolysis oil or tar. The heating rate affects the
composition and yield of the pyrolysis process. The yield
of the pyrolysis products are presented in Table 3. The
results of the pyrolysis process obtained a yield of 21.9%
of the amount of coconut shell 30 kg.

Table 3. Coconut shell pyrolysis yield

Coconut shell Biochar .
Run feed (kg) (kg) Yield
1 6.02 0.96 15.95%
2 6.02 1.23 20.43%
3 6.02 1.39 23.09%
4 6.02 1.49 24.77%
5 6.12 1.55 25.33%

3.2 Briquetting

In the early stages, the levels of molasses-based binders
were investigated. There are four composition levels: low
(83:17), medium (72:28 and 70:30), and high binder
content (54:46). The mixture of biochar: molasses 83:17
obtained brittle briquettes (Fig. 2(a)), while the mixture of
biochar: molasses 54:46 obtained flabby briquettes (Fig.
2(d)). At a mixture of 72:28 and 70:30, briquettes with
physical quality are stronger and more stable (Fig. 2(b) &
(c)). After pressing, briquettes with a medium binder
content are more stable. Then it was tested on different
types of binders. Briquettes on a mixture of biochar with
a binder of molasses, cow manure, and horse manure are
presented in Fig. 3.

Fig. 2: Briquette with biochar: molasses (a) 83:17 (b) 72:28
(c) 70:30 (d) 54:46

(@)

(b)

()
Fig. 3: Biochar briquettes with binder at variation 70:30 (a)
molasses (b) cow manure (c) horse manure
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3.3 Moisture content

The moisture content of briquettes affects the calorific
value. In general, the lower the moisture content, the
higher the calorific value of the briquettes. Biochar has
high hygroscopic properties, so it is necessary to measure
the water content. Hygroscopic properties are inverse to
the strength of briquettes, so the moisture content of the
mixture of biochar and binder needs to be studied.
Measurement of the moisture content of briquettes on
various binders is presented in Fig. 4.

[\
(V)]

H biochar : binder 70:30
20 m biochar : binder 72:28

Moisture content (%)

W
1

Horse manure Cow manure

Molasses

Fig. 4: Moisture content of briquettes at variations in binder
concentration

Based on the measurement of water content in biochar
briquettes, the highest water content was obtained by
19.41% from a mixture of biochar with cow manure
binder at a concentration of 30%. The lowest water
content of briquettes is found in molasses binder at a
concentration of 28% with a moisture content of 9.15%.
Molasses is suitable for use as a binder in briquettes
because molasses has a sticky nature with a low moisture
content of 15% — 25% 2®. While the water content of cow
manure is 80% and horse manure is 73%.

3.4 Density

The higher the density of the briquettes, the longer the
effect on the combustion time. Measurement of the
density of briquettes on the variation of the binder as
shown in Fig. 5. Based on the measurements, the highest
density of 0.85 gram/cm® was obtained in molasses binder
briquettes at a concentration of 30%. The lowest density
of 0.65 gram/cm® was found in cow manure binder
briquettes with a concentration of 28%.

1.00
0.90 -
0.80 -

Z0.70

$0.60 -

20.50 -

=

£0.40

5

2030 -
0.20 -
0.10 -
0.00 -

H biochar : binder 70:30
M biochar : binder 72:28

Molasses Horse manure Cow manure

Fig. 5 Density of briquettes at variations in binder
concentration

Biochar briquettes from coconut shells are still in
accordance with the ASTM D2395-17 standard. The
briquette density value according to ASTM D2395-17 is a
maximum of 1 gram/cm?® 2. This is because the bond
between coconut shell biochar powder is more cohesive
and stronger affects the homogeneity of the briquette
constituents.

3.4 Drop test

Drop test as an index of the destruction of briquettes,
the degree of destruction or release of briquette particles
due to impact after being dropped at the height of 1.8
meters. Drop test values were analyzed from size stability
and friability (lost particles). The smaller the drop test
value means, the less mass is lost. The maximum friability
limit (lost particles) is <4% 3%. The results of the drop test
of coconut shell biochar briquettes as presented in Table
4. Molasses has a higher adhesion than manure in the
production of biochar briquettes. The high adhesion is due
to the presence of hydroxyl groups in the molasses. It
causes briquettes with molasses binder to stick more
tightly between the particles. So that the resulting
briquettes are still strong after a drop test. Briquettes made
from manure are weaker because their adhesive power is
lower.

Table 4. Drop test briquettes with variations in binder
concentration at the height of 1 Meter

Biochar - Size
Binder Binder . Friability
. stability
ratio

Molasses 99.28% 0.72%

70 : 30 Horse Manure 79.28% 20.72%
Cow Manure 62.10% 37.90%

Molasses 99.28% 0.72%

72 :28 Horse Manure 59.27% 40.73%
Cow Manure 48.45% 51.55%

The friability test on molasses is still below 4% on the
drop test at 1 meter for molasses binder concentration,
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both 30% and 28%. To ensure the best durability and
strength of the briquettes according to ASTM D440-49,
drop them at the height of 1.8 meters, as shown in Table
5. Based on the drop test of molasses binder biochar
briquettes with a height of 1.8 meters, the concentration of
particles lost at 30% concentration was 0.59% and at 28%
concentration was 1.44%. These results indicate that the
briquettes have complied the ASTM D440-49.

Table 5. Drop test briquettes with molasses binder variations at
the height of 1.8 Meters

Biochar - Si
Binder Binder 1z¢ Friability
. stability
ratio
Molasses 70 : 30 99.40% 0.59%
Molasses 72 :28 98.56% 1.44%

3.5 Combustion rate

Test the rate of combustion briquettes to determine the
effectiveness of briquettes as fuel. The combustion rate
test was carried out by measuring the length of time the
briquettes burned to ashes. The longer the briquettes burn
to ashes, the better the quality and efficiency of the
briquettes. The rate of combustion of briquettes with
variations in the concentration of binder is presented in
Fig. 6. The highest combustion rate was obtained from
briquettes with horse manure binder at a concentration of
30% at 0.197 g/minute. While the lowest combustion rate
was obtained in briquettes by binding cow manure at a
concentration of 28% at 0.162 g/minute. Briquettes with
horse manure binder have a faster combustion rate
because the composition inside affects the diffusion of
oxygen to the fuel's surface and pore matrix, resulting in a
higher combustion temperature and faster oxidation®?.
According to Cong et al. (2019), horse manure still
contains organic content and lignocellulose, which will
easily degrade at temperatures ranging from 200 to 400
degrees Celsius, causing the weight to drop by up to
80%?3". Another factor influencing the rate of combustion
is the high volatile matter component in horse manure,
which is more than 50%, making the briquettes more
combustible and increasing the rate of burning®?.
According to Liu's (2021) experiment on the
characteristics ~ of  burning  briquettes  using
thermogravimetric analysis, the heating rate has a major
influence on improving combustion performance’®. A
high volatile content can assist in increasing the heating
rate. As a result, the combustion rate of briquettes

containing horse manure was higher than that of the others.

= 0.25 ® biochar : binder 70:30
g 0.20 1 ® biochar : binder 72:28
@ .
?—g 0.15 -
o
-2 0.10
2
g 0.05 -
o
Q

0.00 -

Molasses Horse manure Cow manure
Fig. 6 Combustion rate of briquettes at variations in binder
concentration
3.6 Water boiling test

The Water Boiling Test is a rough simulation of the
cooking process to determine the quality of the heat
energy of biochar briquettes transferred to cooking
utensils compared to using a general cooking stove. The
boiling time test was carried out by measuring the boiling
time of 1000 ml of water on a biomass stove with biochar
briquettes as fuel. The water boiling test on combustion
briquettes at variations in binder concentration is
presented in Fig. 7.

The boiling time of water using molasses binder
briquettes is shorter than the concentration of binder in
cow manure and horse manure. The slowest time on horse
binding briquettes with a concentration of 28% was 19
minutes and 47 seconds. Meanwhile, the shortest time for
molasses binder briquettes with a concentration of 30%
was 13 minutes and 3 seconds. The concentration of the
binder affects the density and calorific value of the
briquettes. Horse manure binder briquettes and cow
manure binder briquettes have brittle resistance when put
into a biomass stove. The same amount of briquettes
placed in the gasification stove has a different heating
value for each variation of the binder, resulting in a
different boiling time of water.

25 ® biochar : binder 70:30
M biochar : binder.72:28

— — [\]
S (9] (=)

(9]

Water boiling (min)

0
Horse manure Cow manure

Molasses
Kig. 7 Water boiling test on combustion briquettes at
variations in binder concentration
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4. Conclusion

The type of binder affects the characteristics of biochar
briquettes. Molasses is most suitable for use as a binder
because it has sticky properties and sufficient moisture
content. The ratio of biochar: molasses 70:30 produces
briquettes with the best characteristics. This mixture
produces briquettes with the best size stability, density,
and water boiling test. Briquettes' most essential
properties are their size stability and combustion process,
which are reflected by the rate of degradation of the
briquettes as well as their volatile and moisture content..
In the drop test with a height of 1 m and 1.8 m, biochar
briquettes with molasses binder still have 99% size
stability.

Acknowledgment

This work was supported by Fundamental Research
LPPM Universitas Sebelas Maret, Surakarta, Indonesia,
with Contact Number: 254/UN27.22/PT.01.03/2022.

Reference

1) M. Yan, P. Agamuthu and J. Waluyo," Challenges for
Sustainable Development of Waste to Energy in
Developing Countries". Waste Management and
Research 38 (3), 229-231 (2020). doi: 10.1177/
0734242X20903564

2) N. B. Prihantini, N. Rakhmayanti, S. Handayani, W.
Sjamsuridzal, W. Wardhana and Nasruddin,"
Biomass production of indonesian indigenous
leptolyngbya strain on npk fertilizer medium and its
potential as a source of biofuel". Evergreen 7 (4),
593-601 (2020). doi: 10.5109/4150512

3) Q. Wang, K. Han, J. Gao, H. Li and C. Lu," The
pyrolysis of biomass briquettes: Effect of pyrolysis
temperature and phosphorus additives on the quality
and combustion of bio-char briquettes". Fuel 199,
488-496 (2017). doi: https://doi.org/10.1016/j.fuel.
2017.03.011

4) S. Elkhalifa, T. Al-Ansari, H. R. Mackey and G.
McKay," Food waste to biochars through pyrolysis:
A review". Resources, Conservation and Recycling
144, 310-320 (2019). doi: 10.1016/j.resconrec.2019.
01.024

5) J. Waluyo, 1. Makertihartha and H. Susanto,"
Pyrolysis with intermediate heating rate of palm
kernel shells: Effect temperature and catalyst on
product distribution". AIP Conference Proceedings
1977 (1), 020026 (2018). doi: 10.1063/1.5042882

6) Y. Wibisono, A. Amanah, A. Sukoyo, F. Anugroho
and E. Kurniati," Activated carbon loaded mixed
matrix membranes extracted from oil palm empty
fruit bunches for vehicle exhaust gas adsorbers".
Evergreen 8 (3), 593-600 (2021). doi: 10.5109/
4491651

7) A. F. Ridassepri, F. Rahmawati, K. R. Heliani,
Chairunnisa, J. Miyawaki and A. T. Wijayanta,"
Activated carbon from bagasse and its application for
water vapor adsorption". FEvergreen 7 (3), 409-416
(2020). doi:

8) F.R. Noronha, S. K. Manikandan and V. Nair," Role
of coconut shell biochar and earthworm (Eudrilus
euginea) in bioremediation and palak spinach
(Spinacia oleracea L.) growth in cadmium-
contaminated soil". Journal of Environmental
Management 302, 114057 (2022). doi: https://doi.
org/10.1016/j.jenvman.2021.114057

9) Chairunnisa, K. Thu, T. Miyazaki, K. Nakabayashi, J.
Miyawaki, A. T. Wij Ayanta and F. Rahmawati,"
Highly microporous activated carbon from acorn
nutshells and its performance in water vapor
adsorption". Evergreen 8 (1), 249-254 (2021). doi:
10.5109/4372285

10) M. Sultan, I. I. El-Sharkawl, T. Miyazaki, B. B. Saha
and S. Koyama," Experimental study on carbon based
adsorbents for greenhouse dehumidification".
Evergreen 1 (2),5-11 (2014). doi: 10.5109/1495157

11) F. Jerai, T. Miyazaki, B. B. Saha and S. Koyama,"
Overview of adsorption cooling system based on
activated carbon - alcohol pair". Evergreen 2 (1),
30-40 (2015). doi: 10.5109/1500425

12) S. R. H. Siregar, D. Nursani, A. Wiyono, T. P. S. L.
Pratiwi, H. Dafiqurrohman and A. Surjosatyo," Effect
of Ratio Composition and Particle Size to Pelletizing
Combination Performance of MSW and Biomass
Feedstocks". Evergreen 8 (4), 890-895 (2021). doi:
10.5109/4742138

13) A. A. Adeleke, J. K. Odusote, O. A. Lasode, P. P.
Ikubanni, M. Malathi and D. Paswan," Densification
of coal fines and mildly torrefied biomass into
composite fuel using different organic binders".
Heliyon 5 (7), €02160 (2019). doi: https://doi.org/10.
1016/j.heliyon.2019.e02160

14) Q. Hu, J. Shao, H. Yang, D. Yao, X. Wang and H.
Chen," Effects of binders on the properties of bio-
char pellets". Applied Energy 157, 508-516 (2015).
doi: https://doi.org/10.1016/j.apenergy.2015.05.019

15) M. Lubwama, V. A. Yiga, F. Muhairwe and J.
Kihedu," Physical and combustion properties of
agricultural residue bio-char bio-composite briquettes
as sustainable domestic energy sources". Renewable
Energy 148, 1002-1016 (2020). doi:
https://doi.org/10.1016/j.renene.2019.10.085

16) S. Velusamy, A. Subbaiyan and R. S. Thangam,"
Combustion characteristics of briquette fuels from
sorghum panicle—pearl millets using cassava starch
binder".  Environmental Science and Pollution
Research 28 (17),21471-21485 (2021). doi: 10.1007/
s11356-020-11790-0

17) K. Utchariyajit, V. Panprasert, L. Chayawat, W.
Jungthanasombat, P. Janprom and M. Choatchuang,"
Physical properties and calorific value of briquettes

- 544 -



Characterization of Biochar Briquettes from Coconut Shell with the Effect of Binder: Molasses, Cow Manure and Horse Manure

produced from Palmyra palm waste with molasses
binder". IOP Conference Series: Materials Science
and Engineering 639, 012046 (2019). doi: 10.1088/
1757-899X/639/1/012046

18) M. M. Manyuchi, C. Mbohwa and E. Muzenda,"
Value addition of coal fines and sawdust to briquettes
using molasses as a binder". South African Journal
of Chemical Engineering 26, 70-73 (2018). doi:
10.1016/j.sajce.2018.09.004

19) M. J. Dirbeba, A. Brink, D. Lindberg, M. Hupa and
L. Hupa," Thermal Conversion Characteristics of
Molasses". ACS Omega 6 (33),21631-21645 (2021).
doi: 10.1021/acsomega.1c03024

20) Q. Liu, R. Xu, C. Yan, L. Han, H. Lei, R. Ruan and
X. Zhang," Fast hydrothermal co-liquefaction of corn
stover and cow manure for biocrude and hydrochar
production". Bioresource Technology 340, 125630
(2021). doi: https://doi.org/10.1016/j.biortech.2021.
125630

21) J. D. Marin-Batista, J. A. Villamil, S. V. Qaramaleki,
C. J. Coronella, A. F. Mohedano and M. A. d. L.
Rubia," Energy valorization of cow manure by
hydrothermal carbonization and anaerobic digestion".
Renewable Energy 160, 623-632 (2020). doi:
https://doi.org/10.1016/j.renene.2020.07.003

22) L. Da Lio, P. Castello, G. Gianfelice, R. Cavalli and
P. Canu," Effective energy exploitation from horse
manure combustion". Waste Management 128, 243-
250 (2021). doi: https://doi.org/10.1016/j.
wasman.2021.04.035

23) T. Rout, D. Pradhan, R. K. Singh and N. Kumari,"
Exhaustive study of products obtained from coconut
shell pyrolysis". Journal of Environmental
Chemical Engineering 4 (3), 3696-3705 (2016). doi:
https://doi.org/10.1016/j.jece.2016.02.024

24) D. Lu, K. Yoshikawa, T. M. Ismail and M. Abd El-
Salam," Assessment of the carbonized woody
briquette gasification in an updraft fixed bed gasifier
using the Euler-Euler model". Applied Energy 220,
70-86 (2018). doi: https://doi.org/10.1016/j.apenergy.
2018.03.063

25) Z. Liu, F. Zhang, H. Liu, F. Ba, S. Yan and J. Hu,"
Pyrolysis/gasification of pine sawdust biomass
briquettes under carbon dioxide atmosphere: Study
on carbon dioxide reduction (utilization) and biochar
briquettes physicochemical properties".
Bioresource Technology 249, 983-991 (2018). doi:
https://doi.org/10.1016/j.biortech.2017.11.012

26) M. Lubwama and V. A. Yiga," Development of
groundnut shells and bagasse briquettes as
sustainable fuel sources for domestic cooking
applications in Uganda". Renewable Energy 111,
532-542 (2017). doi: 10.1016/j.renene.2017.04.041

27) J. Waluyo, P. M. Ruya, D. Hantoko, J. Rizkiana, I. G.
B. N. Makertihartha, M. Yan and H. Susanto,"
Utilization of Modified Zeolite as Catalyst for Steam
Gasification of Palm Kernel Shell". Bulletin of

Chemical Reaction Engineering & Catalysis 16 (3),
623-631 (2021). doi: 10.9767/bcrec.16.3.10837.623-
631

28) O. Nurhilal and S. Suryaningsih," Pengaruh
Komposisi Campuran Sabut dan Tempurung Kelapa
terhadap Nilai Kalor Biobriket dengan Perekat
Molase". Jurnal llmu dan Inovasi Fisika 2 (1), 8-14
(2018). doi:

29) ASTM-D2395-17, Standard Test Methods for
Density and Specific Gravity (Relative Density) of
Wood and Wood-Based Materials;  ASTM
International. (West Conshohocken, USA., 2017).

30) ASTM-D440-49, Standard Test Method of Drop
Shatter Test for Coal. ASTM International.
(Philadephia, USA, 2007).

31) C.T. Chong, G. R. Mong, J.-H. Ng, W. W. F. Chong,
F. N. Ani, S. S. Lam and H. C. Ong," Pyrolysis
characteristics and kinetic studies of horse manure
using thermogravimetric analysis". Energy
Conversion and Management 180, 1260-1267 (2019).
doi: https://doi.org/10.1016/j.enconman.2018.11.071

32) Z. Akyiirek," Sustainable Valorization of Animal
Manure and Recycled Polyester: Co-pyrolysis
Synergy". Sustainability 11 (8), 2280 (2019). doi:

33) J. Liu, X. Jiang, H. Cai and F. Gao," Study of
Combustion Characteristics and Kinetics of
Agriculture Briquette Using Thermogravimetric
Analysis". ACS Omega 6 (24), 15827-15833 (2021).
doi: 10.1021/acsomega.1c01249

- 545 -





