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ABSTRACT. - This study aim.ed to determine the.elemental properties.of ARTICLE HISTORY
torrefied oil palm empty fruit bunch (OPEFB) biochar as an alternative Received: 22 Nov 2022
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parameters namely particle size, holding temperature, and residence time Accepted: 16 Jan 2023
were investigated. This characterization had been done by the elemental

analyser. The carbon element in the torrefied OPEFB biochar was increased KEYWORDS

as the holding temperature and residence time increased from 200—300°C Qi palm empty fruit bunch
and 30-90 minutes respectively, while the oxygen element amount is Lorrefaction parameters
decreasing. This is due to the decomposition of hemicellulose that occurred in Elemental properties
this region. This shows that torrefaction parameters of holding temperature

and residence time influenced in enhancing the energy properties of the

torrefied OPEFB biochar by increasing its carbon element and reducing its

oxygen element.

INTRODUCTION

Nowadays, fossil fuel sources are dwindling, coupled with various types of environmental pollution
prompting scientists and researchers to look for other alternative sources that can cover the shortage of
fossil fuels. There is now great growth in the quest to find a sustainable and clean energy generation
system [1],[2],[3]. Energy demand is always increasing as an effect of global economic development and
population growth. Within the next two decades, the world's energy demand is expected to double
[4].[5],[6].

The most abundant kind of raw material on the globe is lignocellulosic biomass, which is used in the
production of biofuels as well as chemical feedstock [7],[8],[9]. In the body of published work, a variety of
studies on the practicability of the generation of bioenergy from biomass derived from forests and
agricultural waste in terms of both their economic and environmental viability can be found [10]. As a
consequence of this, biomass is a solution that has the potential to be both reasonable and effective in
addressing the energy requirements of the globe while simultaneously decreasing dependency on fossil
fuels [11], but it needs to go through by biomass energy conversion first and torrefaction is one of them.
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Torrefaction occurs at a temperature of 200 to 300°C, duration below 2 hours with heating rate
between 5-15°C/min and in an inert condition, also known as oxygen shortage [12],[13],[14]. The process
is influenced by various parameters, including holding temperature, residence time, heating rate, air
pressure, particle size, and moisture content. The moisture content of pre-dried biomass samples should
be less than 10% before the procedure begins. During the torrefaction process, moisture evaporates, and
some of the organic compounds, such as hydrogen and oxygen, are thermally destroyed, resulting in
volatile organic molecules [15]. At the same time, this process should reduced the mass of the biomass
material without affecting its energy properties. Besides could improving the solid fuel properties of the
biomass also known as torrefied biochar by depolymerising long chain polysaccharide.

Therefore, this study was conducted by making the torrefaction process as the biomass energy
conversion in characterizing the elemental properties which is carbon (C), hydrogen (H), nitrogen (N),
sulphur (S) and oxygen (O) of the torrefied oil palm empty fruit bunch (OPEFB) biochar. There are three
major torrefaction parameters that had determined in this study which are particle size, holding
temperature and residence time.

MATERIALS AND METHODOLOGY
Material

The OPEFB fibre that was used in this study had derived from fibre mill in Seberang Perai, Penang,
Malaysia. Then, undergone sun-dried for 24 hours to let it dry and in order to minimize the moisture
content of the OPEFB, before the samples were undergoing oven-dried for 1 hour at 80+5°C. After the
preheat process, the samples were cut into small pieces to make them easier for grinding and sieving. The
sample were ground using blender until it produced fine particles and the screening of the OPEFB was
done by using sieve of 250, 500 and 750um.

Method
Torrefaction Process

By using an electrical furnace (muffle furnace of WiseTherm), OPEFB were undergoing a torrefaction
process by holding temperature at 200, 250 and 300°C with 30, 60 and 90 minutes of residence times in
the absence of oxygen (O-) under a low heating rate about 10°C/min.

Characterization of Elemental Properties

The analyser model Perkin Elmer 2400 was used for identifying the elemental properties of C, H, N and S
elements in percentage. About 2 mg of the samples were weighed before being placed on tin foil,
subsequently combusted in a highly oxygenated environment to produce C, H, N, and S elements.
Meanwhile, the element of O was calculated by difference of 100% from C, H, N and S.

RESULTS AND DISCUSSION

Table 1 shows the elemental properties of raw and torrefied OPEFB biochar for each parameter which is
particle size, holding temperature and residence time. Generally, elements of C, H and O are the main
elements of biomass materials, while elements of N and S are possibly found in small amount. The
reaction of endothermic from the dehydration and devolatisation of the OPEFB sample resulting a
significant amount of O element decreased like shown in Table 1. This decrement is due to the production
of carbon dioxide (CO-) and carbon monoxide (CO) during the torrefaction process occurred [16],[17].

85



Influence of Torrefaction Parameters on Elemental Properties of Torrefied Oil Palm Empty Fruit Bunch Biochar

Table 1. Elemental properties of torrefied OPEFB biochar

Weieh Sample Elemental Properties
eight
* (o) (o) (o) 0, 0,
S S (O B CO T CO N (O )
2.741 500 Raw Raw 39.25 54.20 6.09 0.00 0.46
2.758 500 200 30 41.09 45.43 11.88 0.00 0.98
2.763 250 200 60 42.36 44.83 11.97 0.00 0.83
2.736 750 200 60 42.59 46.32 10.41 0.00 0.68
2.817 500 200 90 44.12 46.38 8.93 0.00 0.57
2.648 250 250 30 44.90 44.62 9.84 0.00 0.64
2.578 750 250 30 44.30 45.42 9.62 0.00 0.66
2.741 500 250 60 45.07 43.05 11.03 0.00 0.72
2.635 750 250 90 45.58 42.87 10.83 0.00 0.72
2.781 250 250 90 45.54 43.78 10.05 0.00 0.63
2.886 500 300 30 46.44 40.87 11.90 0.00 0.79
2.827 750 300 60 47.58 40.49 11.18 0.00 0.75
2.665 250 300 60 47.61 40.42 11.22 0.00 0.75
2.202 500 300 90 49.83 40.94 8.55 0.00 0.68

* Calculated by difference

Meanwhile, there are increment for the C element of the torrefied OPEFB biochar along with the
increasing of holding temperature and residence time, while the amount of O element is decreasing. This
is due to decomposition of hemicellulose [18],[19],[20]. According to Rousset et al. [21], he reported that
hemicellulose and cellulose were decomposed at between holding temperature of 250-280°C, where it

produces a biochar that contain higher for C element.

The statistical significance of p-value for the C and O elements of the torrefied OPEFB biochar was
tested using analysis of variance (ANOVA) as shown in Table 2. From the ANOVA, p-value less than or
equal to 0.05 indicates that the parameters are significant. In this case, only holding temperature and
residence time showed the significant levels at p-value < 0.05, but not for the particle size. That means
both of the significant parameters significantly influenced the C and O elements of the torrefied OPEFB

biochar in the manner as discussed above.

Table 2. ANOVA for C and O elements of torrefied OPEFB biochar

Element (%) Parameter Mean F-value p-value
square

Particle size 2.112E-007 1.688E-005 0.9968ns

C Holding 3.59 286.53 0.0001"
temperature

Residence time 0.42 33.79 0.0007"

Particle size 1.596E-005 2.718E-004 0.9873ns

0] Holding 3.57 60.84 0.0001"
temperature

Residence time 0.42 7.20 0.0314"

The increase in C element of torrefied OPEFB biochar influenced by holding temperature and
residence time is also parallel to the fixed carbon increment of proximate properties that had been
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determined in this study, which also increases as the holding temperature and residence time increase.
This is shown by Table 3, where the amount of fixed carbon was increasing with the increment of holding
temperature and residence time.

Table 3. Fixed carbon of torrefied OPEFB biochar

) Sample Fixed
V\(’Ierlé})lt Par. Size Hold. Temp. Res. Time C ;{be on
(um) °0) (Min) (%)
2.741 500 Raw Raw 4.19
2.758 500 200 30 4.28
2.763 250 200 60 5.87
2.736 750 200 60 7.52
2.817 500 200 90 7.95
2.648 250 250 30 8.03
2.578 750 250 30 8.36
2.741 500 250 60 11.6
2.635 750 250 90 16.79
2,781 250 250 90 14.55
2.886 500 300 30 27.76
2.827 750 300 60 36.03
2.665 250 300 60 36.36
2.292 500 300 90 39.65

According to Dhungana [22], this is because torrefaction does not remove any component of ash in
the biomass but it helped increasing other components of the biochar and along increased their
percentage. In addition, a fixed carbon is one of the important indicators that determine the quality of
biochar where good biochar should have a high fixed carbon content as well as C element [23].

CONCLUSION

As the conclusion, it shown that the C and O were mostly element of the torrefied OPEFB biochar
influenced by holding temperature and residence time, but not for particle size. Element of C was
increased when higher holding temperature and longer residence time applied, while the amount of O
element was decreasing. This is due to decomposition of hemicellulose occurred in this region. This shows
that torrefaction parameters of holding temperature and residence time influenced in enhancing the
energy properties of the torrefied OPEFB biochar by increasing its C element and reducing O element.

ACKNOWLEDGEMENT

The authors would like to thank Universiti Malaysia Kelantan (UMK) for funding this work under an
internal grant which is Fundamental Research Grant Scheme (UMK-Fund) phase 2022.

REFERENCES

[1] Nwozor, A., Oshewolo, S., Owoeye, G., & Okidu, O. (2021). Nigeria's quest for alternative clean energy
development: A cobweb of opportunities, pitfalls and multiple dilemmas. Energy Policy, 149, 112070.

87



[2]

[3]

[4]

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Influence of Torrefaction Parameters on Elemental Properties of Torrefied Oil Palm Empty Fruit Bunch Biochar

M. S. M. Rasat, R. Wahab, M. Mohamed, M. I. Ahmad, M. H. M. Amini, W. M. N. Wan Abdul Rahman, M. K. A.
A. Razab, & A. A. M. Yunus, “Preliminary study on properties of small diameter wild Leucaena leucocephala
species as potential biomass energy sources,” ARPN Journal of Engineering and Applied Sciences, Volume 11,
Issue 9, 10 May 2016, pp 6128-6137.

M. S. Sirrajudin, M. S. M. Rasat, R. Wahab, M. H. M. Amini, M. Mohamed, M. I. Ahmad, J. Moktar, & M. A.
Ibrahim, “Enhancing the energy properties of fuel pellets from oil palm fronds of agricultural residues by mixing
with glycerin,” ARPN Journal of Engineering and Applied Sciences, Volume 11, Issue 9, 10 May 2016, pp 6122-
6127.

Demirbas, A. (2009). Progress and recent trends in biodiesel fuels. Energy conversion and management, 50(1),
14-34.

M. S. Sirrajudin., M. S. M. Rasat, R. Wahab, M. H. M. Amini, M. A. Ibrahim, & P. Elham. “Influence of glycerin
on energy properties of fuel pellets from oil palm fronds of agricultural residues,” Proceedings of the 2nd Kuala
Lumpur International Agriculture, Forestry and Plantation 2016 (KLIAFP 2 2016), 20 — 21 February 2016.

M. S. M. Rasat, M. I. Ahmad, M. H. M. Amini, R. Wahab, P, Elham, M. H. Jamaludin, M. F. M. Amin, & N. H.
Abdullah, “Preliminary study on properties of small diameter wild Acacia mangium species as potential biomass
energy sources,” Journal of Tropical Resources and Sustainable Sciences, Volume 4, Issue 2, 31 December 2016,
pp 138-144.

M. H. M. Amini, M. S. M. Rasat, M. Mohamed, R. Wahab, N. H. Ramle, I. Khalid & A. A. M. Yunus, “Chemical
composition of small diameter wild Acacia mangium species,” ARPN Journal of Engineering and Applied
Sciences, 12(8), (2017), pp. 2698-2702.

M. H. M. Amini, M. S. M. Rasat, M. I. Ahmad, R. Wahab, P. Elham, W. M. N. W. A. Rahman & N. H. Ramle,
“Chemical composition of small diameter wild Leucaena leucocephala species,” ARPN Journal of Engineering
and Applied Sciences, 12(10), (2017), pp. 3169-3173.

M. I. Ahmad, M. S. M. Rasat, S. N. M. Soid, M. Mohamed, Z. I. Rizman, & M. H. M. Amini, “Preliminary study of
microwave irradiation towards oil palm empty fruit bunches biomass,” Journal of Tropical Resources and
Sustainable Sciences, Volume 4, Issue 2, 30 December 2016, pp 1338-137.

Rafindadi, A. A., & Ozturk, I. (2017). Impacts of renewable energy consumption on the German economic
growth: Evidence from combined cointegration test. Renewable and Sustainable Energy Reviews, 75, 1130-
1141.

Berndes, G., & Hansson, J. (2007). Bioenergy expansion in the EU: cost-effective climate change mitigation,
employment creation and reduced dependency on imported fuels. Energy policy, 35(12), 5965-5979.

M. S. M. Rasat, S. A. Karim, M. F. M. Amin, R. Hashim, M. H. Jamaludin, N. H. Abdullah, A. M. Noor, M. I.
Ahmad & H. R. Hasbollah, “Characterization on morphological and bonding behavior of torrefied biochar from
oil palm empty fruit bunch,” International Journal of Advanced Science and Technology, 29(7S) (2020), pp.
383-387.

M. I. Ahmad, W. N. K. W. Jusoh, Z. I. Rizman, M. S. M. Rasat, Z. A. Z. Alaudin, S. N. M. Soid, M. S. A. Aziz, M.
Mohamed, & M. F. M. Amin, “Effect of torrefaction on oil palm empty fruit bunch palletization,” Journal of
Fundamental and Applied Sciences, Volume 9, Issue 3S. 10 September 2017, pp 955-968.

M. I. Ahmad, Z. I. Rizman, M. S. M. Rasat, Z. A. Z. Alaudin, S. N. M. Soid, M. S. A. Aziz, M. Mohamed, M. H. M.
Amini & M. F. M. Amin, “The effect of torrefaction on oil palm empty fruit bunch properties using microwave
irradiation,” Journal of Fundamental and Applied Sciences, Volume 9, Issue 3S. 10 September 2017, pp 924-
940.

Sukiran, M. A., Daud, W. M. A. W., Abnisa, F., Nasrin, A. B., Aziz, A. A., & Loh, S. K. (2021). A comprehensive
study on torrefaction of empty fruit bunches: Characterization of solid, liquid and gas products. Energy, 230,
120877.

M. I. Ahmad, Z. A. Z. Alauddin, S. N. M. Soid, M. Mohamed, Z. I. Rizman, M. S. M. Rasat, M. K. A. A. Razab, &
M. H. M. Amini, “Performance and carbon efficiency analysis of biomass via stratified gasifier,” ARPN Journal
of Engineering and Applied Sciences, Volume 10, Issue 20, 2015, pp 9533-9537.

B. Arias, C. Pevida, J. Fermoso, M. G. Plaza, F. Rubiera, and J. J. Pis, “Influence of torrefaction on the
grindability and reactivity of woody biomass,” Fuel Processing Technology, 89(2), 2008, pp. 169—175.

88



[18]

[19]

[20]

[21]

[22]

[23]

Mat Rasat, et al. | Borneo Journal of Sciences & Technology | Vol. 05, Issue 01 (2023)

T. Liang and L. Wang, “Thermal treatment of poplar hemicelluloses at 180 to 220°C under nitrogen
atmosphere,” BioResources, 12(1), 2017, pp. 1128—1135.

M. S. M. Rasat, S. A. Karim, M. F. M. Amin, M. H. Jamaludin, N. H. Abdullah, A. M. Noor, M. I. Ahmad, P.
Elham & M. K. A. A. Razab, “Study on characteristics and energy content’s optomization of torrefied oil palm
empty fruit bunch biochar,” International Journal of Advanced Science and Technology, 28(18), (2019), pp.
205-222.

S. Neupane, Effect of torrefaction on biomass structure and product distribution from fast pyrolysis. Master
thesis, Alabama: Auburn University, 2015.

P. Rousset, C. Aguiar, N. Labbé, and J. M. Commandré, “Enhancing the combustible properties of bamboo by
torrefaction,” Bioresource Technology, 102(17), 2011, pp. 8225-8231.

Dhungana, A. (2011). Torrefaction of biomass (Doctoral dissertation).

Shariff, A., Aziz, N. S. M., & Abdullah, N. (2014). Slow pyrolysis of oil palm empty fruit bunches for biochar
production and characterisation. Journal of Physical Science, 25(2), 97.

89



	Introduction
	MATERIALS AND METHODOLOGY
	Results AND DISCUSSION
	Conclusion
	Acknowledgement
	References

