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Abstract : Briguette is one of alternative energy source which made from biomass and is
potential to sustitute the fossil fuels. Both empty fruit bunches (EFB) and low density
polyethylene waste (LDPE) have high calorific value which is potential to be used as the
source of briquette raw material. The objective of this study is to determine the optimal
pressure and composition of briquette from the mixture of EFB and LDPE. Briquette
production was done by variating the composition of EFB and LDPE as follows: 95/5, 90/10,
85/15, 80/20, 75/25 % (weight/weight). EFB was first carbonated under 300°C and the
charcoal was pounded and mixed with small pieces of LDPE. The mixture was homogenized
with starch adhesive in 10% concentration. The brigquetting pressure was variated as follows:
2000, 3000, 4000, 5000 and 6000 Psia. After pressing the mixture, the briquette was soaked in
used cooking oil for 30 mintues. Each stamped briguette was examined physically and tested
for its calorific value. The result of statistical analysis using ANOVA shows that the best
quality of briquette was obtained from 75/25% composition of EFB/LDPE with briquetting
pressure of 3000 Psia. The characteristics of briquette was having 1,2% water content, 7000
calorie/gram calorific value, 5-7% ash content and 40-70% fixed carbon besides the effect of
carbonization process under 300°C, starch content as the adhesiveand used cooking oil as the
immersed liquid.
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1. Introduction

As the number of population increases, the usage of fossil fuels as main energy source to support
human activity is also increasing. Whereas, the number of fuel reserve is predicted to last for only a few
decades. Briquette is potential to become one of the alternative source of energy, especially as household source
of energy.
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Low density polyethylene (LDPE) is one of a thermoplastic which made from crude oil as the main
composite. LDPE plastic is one of the easiest plastic to stamped when exposed to heat and pressure. LDPE
plastic is one of the plastic which has low hazard level. LDPE is potential to be stamped as briquette, because it
has high calorific value which is 11.758 cal/gram [1]. Oil palm empty bunches (EFB) is the bunches that
already separated from oil palm flesh. EFB is one of biomass waste which is abundant in nature. EFB is also
potential to be stamped as briquette with heat energy value of 18.795 Joule/gram or 4.489 cal/gram [2].
Briquette production was done by carbonizing EFB and then mixing the EFB charcoal with LDPE plastic waste
and 10% starch to glue the particles in the mixture [3]. After that, the mixture was stamped with determined
pressure. Used cooking oil is a household waste, which is often thrown away and not be recycled. Used cooking
oil can be utilized for immersing the briquette after it is stamped. Immersion process was done to prevent the
briquette from absorbing the water in nature [4].

To obtained high quality briquette, there is a need to determine optimal pressure and EFB to LDPE
composition (%w/w). To determine the briquette quality, each briquette was undergo a characterization assay by
examining main quality parameter such as briquette’s water content, calorific value and fixed carbon. Whereas,
another quality parameter was volatile matter content adn ash content. The result of characterization assay was
then compared with briquette characteristics standard from goverment statue regarding national standard of
briquette characteristicsSNI No. 1/6235/2000.

Previous studies show that the more LDPE plastic was added to the briquette, the higher calorific value
and fixed carbon will be obtained. In contrast, the more LDPE plastics was added to the briquette, the lower
water content and ash content will be obtained [5].

2. Methods
2.1. Procedure

Briquette production was done by carbonization process of EFB and LDPE plastic waste. There is a
need to add adhesive during briquette production to glue particles of raw materials [3]. The briquetting process
was done by specific pressure. Stamped briquette was then immersed in used cooking oil.

This research was done by variating the composition of EFB to LDPE. The composition of EFB to
LDPE was variated as follows: 95/5, 90/10, 85/15, 80/20, and 75/25 (% w/w). The briquetting pressure of
briquette was variated to 2000, 3000, 4000, 5000 and 6000 Psia. The adhesive in briquette production was
starch powder diluted in water with 10% concentration. Stamped briquette was then immersed into used
cooking oil for 30 minutes. After that, the characterization assay was done with briquette’s water content,
calorific value, ash content and fixed carbon as the parameters. Figure 1 shows the flow chart of briquette
production.
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Picture 1.Flow chart of briquette production and characterization

2.2. Data analysis

In this study, the two-way analysis of variance (ANOVA) was used to analyzed the assay result.
Independent variable of this study was the composition of EFB to LDPE and the briquetting pressure.
Dependent variable of this study was water content, calorific value, ash content and fixed carbon content. The
data and graphs was processed using GraphPad Prism 9.0.0 software. Significance level (a) in this study was set
in 5%.

Table 1. Two-way ANOVA calculation

Variance source df SS MS Calculated F
Between block r-1 SSe MSp = 3B MSg
- MS;
Between treatment | t-1 SSp MS, = 32 MSp
t—-1 e
MS;
Within  treatment | (n-1)-(k-1)-(t-1) SSg = SSt — SSg
(error) SSg — SSp r—1D—-(t—1)
Total n-1 SSy

If the calculated F value is smaller than the F statistic value then the Ho is accepted which means the



Ismiyati et a/ /International Journal of ChemTech Research, 2021,14(1): 206-213. 209

average number of two treatment were not different significantly. Whereas if the calculated F value is higher

than the F statistic value, the Ho is rejected and H1 is accepted. This means the average of both treatment were
different significantly.

3. Result and Discussion

Table 2. Two-way ANOVA result is presented as below

. Independent
Dependent Variable Variable Povalue Significance
e Pressure <0.0001 Yes **x*)
Calorific value —
Composition <0.0001 Yeg **x*)
*kkk
Water content Pressure _ <0.0001 Yes )
Composition <0.0001 Yes **x*)
*
Ash content Pressure_ 0.0195 Yes *)
Composition <0.0001 Yes **x*)
; Pressure 0.5710 No
Fixed carbon —
Composition 0.1285 No

Note: ****) = P-value < 0.0001
*) = P-value < 0.05

From the results showed in Table 2, it can be concluded that composition and pressure variance have
significant effect to calorific value, water content and ash content. Whereas, variance in composition and
pressure were not giving significant effect to fixed carbon content.

3.1. Water Content Analysis

Water content is one of the important parameter to determine the quality of briquette. Briquette will
have higher quality if the water content is low. Figure2 shows the effect of EFB composition to LDPE and the
effect of briquetting pressure to briquette water content.
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Figure 2.The correlation betweenEFB to LDPE composition and briquetting pressure to briquette water
content

Table 2 and Figure 2 shows that composition variation of EFB to LDPE and briquetting pressure
variation have significant effect to water content with <0.0001 p-value for each variable in 5% significance
level. Water content in briquette has a tendency to decrease as the EFB and LDPE composition in briquette
decrease. Water content also has a tendency to decrease as the briquetting pressure increases. The reason behind
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those tendency were the big particles of LDPE plastic, which reduce the water content level. Pressure that was
given in briquetting process, is also decreasingbriquette’s water content significantly (p-value <0.0001) because
it increases the briguette density.

The lowest briquette water content was obtained from 75/25 EFB to LDPE composition, with 3000 to
6000 Psia briquetting pressure. The water content with those characteristics was under 1,2%. The assay result of
briquette water content was qualified compared to SNI 01-6235-2000 regarding quality standard of burning
briquette coal, with < 8% of water content as the standard.

3.2. Calorific ValueAnalysis

Calorific value is one of the quality parameter for briquette quality. The higher the heat produced, the
higher the quality of the briquettes.
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Picture 3. The correlation between EFB to LDPE composition and briquetting pressure tobriquette
calorific value

Table 2 and Figure 3 shows the variation of briquetting pressure and EFB/LDPE composition which
significantly affect briquette calorific value, with p-value <0.0001 for both under 5% significance level.
Increasing number of calorific value was affected by the decreasing number in water content. Calorific value of
briquette will become higher when the water content is low. The other factor that affect calorific value of
briquette is its ash content. The lower the number of ash content in the brigquette, the higher number of carbon is
in the briquette. Calorific value also tend to be higher by the addition of LDPE plastic and used cooking oil.

The highest calorific value obtained in 75/25 composition of EFB to LDPE with pressure range between
3000 to 6000 Psia which was 7000 cal/gram. The resukt of this calorific value assay had meet the quality
requirement of SNI 01-6235-2000 regarding quality standard of burning briquette coal, with > 5000 cal/gram
of calorific value as the standard.

3.3. Ash Content Analysis

Ash content is the combustion residue which does not have any carbon content. Anorganic substances
content which can not be burned will remain as the ash. Ash content can be determined by calculating the ratio
of remaining material with burned material. Ash content is one of the briquette quality parameter



Ismiyati et a/ /International Journal of ChemTech Research, 2021,14(1): 206-213. 211

15+ ;
-o- 2000 Psia

3 - 3000 Psia

Q

I..c' 10- -4~ 4000 Psia

v -¥- 5000 Psia

3 - 6000 Psia

c 5+

(7]

<

0 1 1 1 1 1
95/5 90/10 8515 80/20 75/25
Composition (EFB/LDPE)

Figure4.The correlation between EFB to LDPE composition and briquetting pressure to briquette ash
content

Table 2 and Figure 4 shows that the variance of EFB to LDPE composition gives significant effect to
briquette as content with <0.0001 p-value under 5% significance level. In the other hand, briquetting pressure
variable gives less significant effect to briquette ash content, with 0.0195 p-value. As the ratio of EFB to LDPE
increases, the anorganic substances is decreasing until complete combustion happen. Ash content is also
affected by the adhesive in briquette production process.

The most suitable ash content was determined in 75/25 EFB to LDPE composition and 1000 to 6000
Psia briquetting pressure, which was 5-7%. The result of ash content assay had meet the quality requirement of

SNI 01-6235-2000 regarding quality standard of burning briquette coal, with < 8 % of ash content as the
standard.

3.4. FixedCarbon Analysis

Fixed carbon is the bonded carbon fraction in briquette coal beside the water fraction, volatile matter
and ash.
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Figure5.The correlation between EFB to LDPE rasio and briquetting pressure to fixed carbon content

Table 2 and Figure 5 shows that both the variance of EFB to LDPE composition and briquetting
pressure did not give significant effect to fixed carbon content of the briquette. The p-value of both variable was
>0.05, which was 0,5710 for FEB to LDPE composition variable and 0,1285 for briquetting pressure variable.
The result is coherent with ash content assay result where the carbon content in briquette coal is affected by ash
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content and volatile matter content. Carbon coal content will have a high value if the ash content and the
volatile matter content in the briquette are low.

High fixed carbon content will affect the calorific value of the briquette. As the carbon content
increases, the calorific value of the briquette will also increase. Fixed carbon content is also affected by
carbonization process. The factor that affect it was the temperature during the carbonization process. However,
the result of fixed carbon content in both composition and briquetting pressure variable is still in the range
between 40-70%. The result of briquette ash content had not meet the quality requirement of SNI 01-6235-2000
regarding quality standard of burning briquette coal, with > 77 %of fixed carbon content as the standard.

From several characteristics assay of briquette production, it can be concluded that the variance of
composition has an effect to the briquette product quality. The lower the EFB component or the higher the
content of LDPE, the higher the quality of produced briquette. Whereas, optimum briquetting pressure was
observed in 3000 Psia. The most qualified briquette was observed in 75/25 EFB to LDPE composition with
3000 Psia briquetting pressure, beside the effect of carbonization process under 300 °C, starch content as the
briquette adhesive and used cooking oil as the immersion liquid. The produced briquette had meet the
requirement ofSNI N0.1/5235/2000 regarding quality standard of briguette and government statue of ESDM
(PERMEN ESDM) No. 47 Year 2006 regarding production procedure and utilization of coal and coal based
solid fuel. The quality standard parameter from both statue is presented in Table 3.

Table 3. Briquette quality standards

Briguette characteristics PERMEN ESDM No.47 Year 2006 SNI No.1/6235/2000
Moisture (%) <15 <8

Ash (%) <10 <8

\olatile Matter (%) As the raw material <15

Fixed Carbon (%) As the raw material =77

Calorific value(cal/g) 4400 > 5000

4. Conclusion

Based on the briquette characteristics assay, it could be concluded that the composition which mostly
affect the briquette quality was the composition with 75/25 EFB to LDPE. The lower the number of EFB
composition, or the higher the number of LDPE in the briquette, the higher the quality of the produced
briquette. The optimum condition for other parameter was 3000 Psia for the briquetting pressure, 1,2% for the
briquette water content, 7000 cal/gram for the calorific value, 5-7% for the ash content and 40-70% for the
fixed carbon content. The other parameter that also affecting the quality in briguette production were the
temperature which was 300 °C, the usage of starch as adhesive and used cooking oil in the immersion process.
Produced briguette had meet the requirement of SNI No0.1/5235/2000 regarding quality standard of briquette
and government statue of ESDM No. 47 year 2006 regarding production procedure and utilization of coal and
coal based solid fuel.

Acknowledgement

We gratefully thank to the Ministry of Research, Technology and Higher Education for the Hibah Tesis
Magister grant 2020, LPPM UMJ and Master’s Program of Chemical Engineering, Engineering Faculty,
Universitas Muhammadiyah Jakarta Indonesia for facilitating and supporting this research.

References

1. Amelia, C. F., Boedisantoso, R., dan Warmadewanthi, 1.2010. Eco-briquette dari Komposit Bonggol
Pisang, Lumpur IPAL PT. SIER dan Plastik Jenis LDPE. Laporan Penelitian Institut Teknologi Sepuluh
November. Surabaya.

2. Mulia, A. 2007. Pemanfaatan Tandan Kosong dan Cangkang Kelapa Sawit Sebagai Briket Arang. Tesis
Sekolah Pasca Sarjana Universitas Sumatera Utara. Medan.

3. Suryani, I., Permana, M. Y., Dahlan, M. H. 2012. Pembuatan Briket Arang Dari Campuran Buah



Ismiyati et a/ /International Journal of ChemTech Research, 2021,14(1): 206-213. 213

10.

11.

Bintaro dan Tempurung Kelapa Menggunakan Perekat Amilum. Universitas Sriwijaya Palemban
Septhiani, S., dan Septiani, E. (2015). Peningkatan Mutu Briket dari Sampah Organik dengan
Penambahan Minyak Jelantah dan Plastik High Density Polyethylene (HDPE). J. Kim. Val., 1(2), 91-96.
Asip, F., dan Tiara, A. 2014. Pembuatan Briket dari Campuran Limbah Plastik LPDE Tempurung
Kelapa dan Cangkang Sawit, Jurnal Teknik Kimia, Universitas Sriwijaya, Volume 20, No.2 Tahun
2014, Hal 45 - 54.

Nufus T.H., Estuti, B., dan Indriyani, R. 2011. Pengaruh Campuran Minyak Jelantah Terhadap
Karakteristik Briket Arang Sampah Sebagai Bahan Bakar Alternatif. Jurnal Material danEnergi
Indonesia. 1(3): 160-166.

Wijayanti, D.S. 2009. Karakteristik Briket Arang dari Serbuk Gergaji dengan Penambahan Arang
Cangkang Kelapa Sawit. Jurnal Teknik Pertanian.

Septhiani,S., dan Septiani, E. 2015. Peningkatan Mutu Briket dari Sampah Organik dengan
Penambahan Minyak Jelantah dan Plastik High Density Polyethylene (HDPE). Kimia VALENSI: Jurnal
Penelitian dan Pengembangan llmu Kimia. 1(2): 91-96.

Darvina, Y., dan Asma, N. 2011. Upaya Pening Katan Kualitas Briket Dari Campuran Cangkang Dan
Tandan Kosong Kelapa Sawit Melalui Variasi Tekanan Pengepresan. Fakultas Matematika Dan Ipa
Jurusan Flslka Unlversltas Negeri Padang

Saleh, Asri. 2013. “Efisiensi Konsentrasi Perekat Tepung Tapioka Terhadap Nilai Kalor Pembakaran
Pada Biobriket Batang Jagung (Zea May L)”. Jurnal Teknosains 7 no.1 (2013), h. 78.

Thoha, M. Yusuf dan Fajrin, Dian Ekawati. 2010. “Pembuatan Briket Arang Dari Daun Jati DengaSagu
Aren Sebagai Pengikat, jurnal”, jurnal Teknik Kimia, 17 no.1, h. 36

%k %k k %k %k



