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The limited of fossil fuels and the growing awareness of the detrimental 
environmental consequences resulting from greenhouse gas emissions have 
reinforced the importance of biomass as an energy resource in developed and 
developing countries. It is expected that future energy use will have increased 
utilization of different energy sources, including biomass, municipal solid wastes, 
industrial wastes, agricultural wastes and other low grade fuels. Recently, the 
ease of accessibility of sago biomass has drawn considerable interest of 
researches regarding the production of renewable energy. Pyrolysis is a good 
practical solution to solve the growing problem of landfills, with simultaneous 
energy extraction and nonleachable minimum residue. Pyrolysis also provides 
good solution to the problem of sago residue particularly in the region of 
Sarawak, Malaysia. Therefore, an effort is made in this study to utilize sago 
biomass as agricultural residue for the production of cost effective and 
environmental friendly fuel. Furthermore, the slow pyrolysis of sago biomass 
from different sources of the plant (bark, frond and cortex) by using Electrical 
Furnace Reactor was studied with the aim of producing solid pyrolysis product 
known as biochar, having promising properties and potential for use in traditional 
fossil coal applications. The study focuses on investigating of the role of best 
process parameters including reaction temperature, process time and nitrogen 
flow rate on production of biochar. The experiments were designed using central 
composite design (CCD) method and the optimization was performed by using 
response surface methodology. The characteristics of biochar based on its 
quality, distribution of chemical species, carbon conversion efficiency and 
thermal efficiency has been examined. Optimal conditions was obtained at the 
temperature of 400 ºC, 20 minutes of process time and nitrogen flow rate of 75 
mL/min to result in the maximum yield  of biochar at 47%. Moreover, the calorific 
value was remarkably improved from 22.16 MJ/kg to 25.92 MJ/kg as the biomass 
was turned into biochar. The locally sourced starch flours were utilized as binder 
to produce three different grades of briquettes from the produced biochar at 
different mixing ratios. The textural, morphological and thermal stability 
characteristics of the prepared briquettes were investigated by surface area 
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analysis (Brunauer-Emmett-Teller equation), scanning electron microscopy 
(SEM), and Thermogravimetric analysis (TGA). The sago cortex was found to 
have lower ash content as compared to other types whereas the mean calorific 
value of the briquettes were found to be 21.63 MJ/kg, 23.23 MJ/kg and 22.33 
MJ/kg for sago barks, sago fronds and sago cortex, respectively. Experimental 
results showed that sago biomass is a potential alternative fuel for current fuels.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Master Sains 

Biochar Yang Dihasilkan Daripada Sago (Metroxylon Spp.) Melalui 

Pirolisis 

Oleh 

JAKARIA BIN RAMBLI  

Mac 2019 

Pengerusi : Prof. Madya Wan Azlina Binti Wan Abdul Karim Ghani, PhD, Ir 
Fakulti       : Kejuruteraan 
 
 
Tenaga dianggap asas bagi kemajuan dan kemakmuran negara dan 
masyarakat. Ia juga merupakan asas pembangunan ekonomi dan sosial. Akibat 
daripada bahan api fosil yang semakin menurun menyebabkan peningkatan 
kesedaran terhadap kesan-kesan alam sekitar yang memberi impak negatif 
akibat pelepasan gas rumah hijau telah membuktikan kepentingan biomas 
sebagai sumber tenaga di negara maju dan membangun. Baru-baru ini, 
kemudahan akses biogas sago telah menarik minat penyelidikan mengenai 
pengeluaran tenaga boleh diperbaharui. Dijangkakan penggunaan tenaga 
diperbaharui masa hadapan akan meningkatkan pemanfaatan sumber tenaga 
yang berbeza, termasuk biomas, sisa pepejal perbandaran, sisa industri, sisa 
pertanian dan bahan api kelas rendah yang lain. Dengan kaedah pyrolysis 
perlahan menggunakan pelbagai jenis biomas sago (isi, pelepah dan kulit) dikaji 
dengan tujuan menghasilkan produk pirolisis padat (biochar) dengan ciri-ciri 
yang menjanjikan dan berpotensi digunakan dalam aplikasi arang batu fosil 
tradisional. Pyrolysis adalah penyelesaian praktikal yang baik bertujuan 
menyelesaikan masalah pertumbuhan tapak pelupusan, dengan pengekstrakan 
tenaga serentak dan sisa minimum yang tidak dapat dilepaskan. Pyrolysis juga 
menyediakan penyelesaian yang baik kepada masalah sisa buangan sagu 
kepada bahan api yang berguna. Dalam kajian ini, usaha dibuat untuk 
menggunakan sisa pertanian untuk pengeluaran bahan bakar mesra alam 
sekitar dan kos yang minima. Dengan pengetahuan yang terbaik, tidak ada 
penyelidikan mengenai keupayaan sisa biomas sago dalam menjana kuasa di 
Sarawak, Malaysia. Eksperimen pirolisis batch dilakukan di reaktor relau elektrik. 
Kajian ini juga memberi tumpuan kepada peranan beberapa proses parameter 
terbaik termasuk tindak balas suhu, masa proses dan kadar aliran nitrogen 
dioptimumkan menggunakan “central composite design of response surface 
methodology”. Kesan tindak balas suhu, masa proses dan aliran gas nitrogen 
dari pelbagai jenis sampel sagu diperiksa dan dianalisa. Ciri-ciri biochar 
berdasarkan kualiti, spesies kimia, kecekapan penukaran karbon, kecekapan 
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terma dan kepekatan hidrogen telah diperiksa. Keputusan membuktikan bahawa 
keadaan optimum untuk pengeluaran biochar adalah pada suhu tertinggi 400 ºC, 
20 minit masa proses dan kadar aliran nitrogen 75 mL / min, menghasilkan 
jumlah maksimum Sago-Derived Biochar (SDB) iaitu sebanyak 47%. Nilai kalori 
SDB yang dioptimumkan telah meningkat dengan ketara dari 22.16 MJ / kg untuk 
biomas sago kepada 25.92 MJ / kg. Sisa biomas boleh dengan mudah 
ditukarkan kepada briket yang berfungsi sebagai pengganti minyak bahan api 
semasa. Dalam kajian ini, bahan bakar biomas yang sangat berpotensi 
dihasilkan menggunakan biomass sagu. Dalam hal ini, tepung kanji yang berasal 
dari tempatan digunakan sebagai bahan pengikat untuk menghasilkan tiga gred 
arang briket yang berbeza pada 5 hingga 20%. Ciri-ciri kestabilan tekstur, 
morfologi dan terma briket yang disediakan dinilai menggunakan analisis 
kawasan permukaan (persamaan Brunauer-Emmett-Teller), pengimbasan 
mikroskop elektron (SEM), dan analisis Thermogravimetric (TGA). Selain itu, 
kandungan bahan yang tidak menentu, kandungan karbon tetap dan kandungan 
abu telah diperiksa. Kandungan abu masing-masing ialah 24.15%, 24.15% dan 
22.33% dengan ketumpatan pukal 0.630g / m3, 0.725g / m3 dan 0.620g / m3. 
Di samping itu, kulit sago didapati mempunyai kandungan abu yang lebih rendah 
berbanding dengan isi sagu dan pelepah sagu. Nilai purata kalori briket didapati 
21.63 MJ / kg, 23.23 MJ / kg dan 22.33 MJ / kg untuk isi sago, pelepah sago dan 
kulit sago. Keputusan eksperimen menunjukkan bahawa biomas sago adalah 
bahan bakar alternatif yang berpotensi untuk bahan bakar semasa.  
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CHAPTER 1 
 

INTRODUCTION 
 

1.1.1 Background 

Sago plantation in Mukah division is greatly contribute to the increase of the 
agricultural industry in Sarawak, Malaysia. Previously, sago palms were only 
being used as feeds for livestock and also for traditional food production. Due to 
economic development, the use of sago palms were broaden and the demand 
of their use in other various applications were become higher. Nowadays, 
Sarawak is the world’s largest exporters of sago supplies whereas tens of tonnes 
of sago are annually exported to Peninsular, Singapore, Taiwan and Japan and 
other countries in the region. Table 1.1 presents the amount of annual sago 
production in Sarawak, Malaysia follows by the prices and export values of 
production as reported by the Department of Agriculture (MANRED, 2018). 
Significant increase can be observed as comparing export value of sago 
between the years of 2010 to 2016. The sago export value of 45,000 tonnes 
(RM1500/tonnes) contributing to the value of RM60,000,000 in year 2010 
whereas the export value of sago that amounted to 41,000 tonnes 
(RM2158/tonnes) contributed to the revenue value of RM 90,000,000 in year 
2016. The total export earnings of sago showed an increase from RM 60,000,000 
in year to RM 90, 000,000 in year 2016. 

 

Table 1.1: Summarizes the values related to sago palm production in years 
2010 to 2016 

Sago palm 

 

Year 

2010 2011 2012 2013 2014 2015 2016 

Quantitya 45,000 53,000 48,000 49,000 47,000 41,500 41,000 

Priceb 1,500 1,800 1,700 1,600 1,500 2,200 2,158 

Export 
Valuec 60 90 90 74 74.5 95 90 

tonnesa; mtb; RM/Mc 

Source: (MANRED, 2018) 

 

In Sarawak, the biggest state of Malaysia state, 2.64 million hectares of the total 
areas (12.33 million hectares) are only committed for agricultural activities. 
Sarawak commercial crop is mainly dominated by sago plantation in the land 
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where 78.9% of the whole agricultural areas in 2015 were seen in form the 
Mukah division. Coconut, rubber, paddy and oil palm account for 0.2%, 4%, 8% 
and 8.9% of the areas of agriculture, respectively (MANRED, 2018). The official 
Sarawak government has recently taken appropriate measure to flourish the 
central region economics of Sarawak by establishing the Sarawak Corridor of 
Renewable Energy (SCORE), Malaysia. This scenario is done by enhancing ten 
industries which have high impact on the economy of the Sarawak. 

Presently, there is a risk in the current coal fired systems for power generating 
using the combustion or co-combustion of biomass. It should be noted that using 
biomass energy offers a low-cost approach that considerably reduces releasing 
of carbon dioxide (CO2) into the atmosphere (Dai et al., 2008). The increasing 
amount of biomass (forestry and agricultural) wastes has compelled researches 
to transform them into briquettes as a promising substitute for current fuels. 
Therefore, briquettes not only mitigate environmental pollution caused by sago 
wastes but also improve the production of a renewable energy (Thabuot, 
Pagketanang, Panyacharoen, Mongkut, & Wongwicha, 2015a). Furthermore, 
these agricultural and forestry biochar residues can be utilized as a stock for 
cooking and coal power plants (Kung & Chang, 2015; Lehmann, Gaunt, & 
Rondon, 2006). 

 
From agricultural perspective, using biochar will improve soil structure, and 
reduce the use of herbicides in the soil due to excellent physicochemical 
characteristics and high porosity. Subsequently, it helps in the production of 
clean carbon (i.e. with less negative impact on environment in terms of emission 
and disposal) from the environment up to 20 percent (Thomazini et al., 2015) as 
well as reduction of greenhouse gas (GHG) emissions 12%-84% (Lehmann & 
Joseph, 2009; Meyer, Glaser, & Quicker, 2011; Thomazini et al., 2015). Hence, 
the use of biochar will significantly lessen ecological damages and at the same 
time enhance economic competitiveness as compared to the coal products. 
 
 
1.2   Problem statement 

Illegal disposal of biomass wastes into the jungles or the rivers is currently 
become a major problem to the government and environment caused by the 
production of agricultural waste. Significant amount of waste is generated from 
the industries associated with sago palm whereby the effluents are commonly 
disposed into the river or via open burning. Disposal of waste to the rivers brings 
harmful effect to the aquatic life. Moreover, the reserve land for agricultural waste 
disposal (landfilling) are limited in the area. All related issues are expected to 
diminish once with the transformation of waste into value added products. In this 
study, sago biomass samples are employed in thermal conversion through 
pyrolysis and turned into solid biochar which can be later used in preparation of 
briquettes. Once the high quality of briquettes are maintained, they can be used 
as solid fuel for energy production.  As a result, this action would increase the 
variance of the abundance of energy resources for energy sectors in Sarawak, 
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Malaysia. To the best of our knowledge, there is no significant research carried 
out on the capabilities of sago biomass in form of briquette as solid fuel to reduce 
the environmental concerns of inappropriate disposal of agricultural residues 
such as open burning or illegal dumping to the environment. Sago derived 
biochar with higher calorific value and reduced volume as compared to raw sago 
biomass, is easier to handle and storage (especially while in form of briquette), 
having less toxics and heavy metal compounds and is more enduring. If 
adequate method is chosen to transfer the biochar into briquettes, it could even 
further improved in terms of higher combustion efficiency and less emission of 
toxic and greenhouse gas to the environment. 

1.3  Research Objectives 

The main objectives of this study are: 

a. To assess the properties of Sago (Metroxylon Spp) as potential fuel for 
biochar production through characterization analysis (CHNS, FTIR, BET, 
SEM, GC, GCMS and XRD). 

b. To evaluate and optimize the effect of parameters on biochar production 
from Sago through design of experiment (OFAT and RSM). 

c. To evaluate the suitability of sago biochar in form of briquette as a solid fuel 
in terms of consistency, mechanical strength and combustion efficiency. 

1.4  Scope of Research 

The evaluation of sago biomass properties is investigated through different 
characterization methods including Carbon-hydrogen-nitrogen-sulphur analyzer 
(CHNS), thermogravimetric analysis (TGA), scanning electron microscopy 
(SEM) and calorific value analysis. This study focuses on optimizing the yield of 
biochar from sago biomass with emphasis on investigating the effects of 
operating variables including temperature, process time and nitrogen gas flow 
on slow pyrolysis performance. Batch pyrolysis for biochar production using 
Sago were conducted in an electrical furnace reactor. 

 
The optimized biochar underwent characterization analysis using the similar 
techniques used for biomass samples. The by-products of bio-oil, ash and 
syngas, however, were involved in different analysis of Gas chromatography-
mass spectrometry (GCMS), Fourier transform infrared spectroscopy (FTIR), X-
ray Powder Diffractometers (XRD) and Gas chromatography (GC). Biochar in 
further step of the study, was converted to briquette by using different ratio of 
binders (non-edible corn and tapioca starches) and underwent several methods 
of analysis to ensure the consistent burning, mechanically strength structure and 
with low emission level of toxic substances. Regarded techniques are including 
compressive strength test, Brunauer-Emmett-Teller (BET), observation and real-
time gas analysing. At the final stage of the study, economic analysis was 
performed to estimate the total cost of capitals, operating and maintenance for 
the large-scale production of biochar from sago biomass. 
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1.5  Thesis Layout 
 

This thesis consists of 5 chapters as described below: 

1. Chapter 1 consists of the introduction of the undertaking research. The 
chapter presents the fundamental and background information which 
consists of the introduction, objectives, scope of research and thesis layout. 

2. Chapter 2 describes the literature review which provides important theory 
and findings from preceding researches that is significant to the project. 

3. Chapter 3 consists the methodology of the project which consists of 
experimental method, samples characterization and background of sago as 
potential as solid fuel. 

4. Chapter 4 mainly justifies the results and findings of the experimental work. 
The results obtained will be linked to the previous theory and new discovery 
will be highlighted and justified.  

5. Chapter 5 covers the final part of the report which summarizes the research 
findings and recommendation for future works. 

 

With this preliminary study on various types of biomass and biochar, it is hoped 
that the discovery will be developed further and used by others as an efficient 
the capabilities of biomass waste in generating power in Sarawak. 

 

 



© C
OPYRIG

HT U
PM

96 
 

REFERENCES 

Abdel-Fattah, T. M., Mahmoud, M. E., Ahmed, S. B., Huff, M. D., Lee, J. W., & 
Kumar, S. (2015). Biochar from woody biomass for removing metal 
contaminants and carbon sequestration. Journal of Industrial and 
Engineering Chemistry, 22, 103–109. 
https://doi.org/10.1016/j.jiec.2014.06.030 

Abdullah, N., Sulaiman, F., & Aliasak, Z. (2013). A case study of pyrolysis of oil 
palm wastes in Malaysia. AIP Conference Proceedings, 1528, 331–336. 
https://doi.org/10.1063/1.4803619 

Abnisa, F., Arami-Niya, A., Daud, W. M. A. W., & Sahu, J. N. (2013). 
Characterization of Bio-oil and Bio-char from Pyrolysis of Palm Oil Wastes. 
Bioenergy Research, 6(2), 830–840. https://doi.org/10.1007/s12155-013-
9313-8 

Abubakar, Z., Salema, A. A., & Ani, F. N. (2013). A new technique to pyrolyse 
biomass in a microwave system: Effect of stirrer speed. Bioresource 
Technology, 128, 578–585. https://doi.org/10.1016/j.biortech.2012.10.084 

Ahmad, M., Lee, S. S., Dou, X., Mohan, D., Sung, J. K., Yang, J. E., & Ok, Y. S. 
(2012). Effects of pyrolysis temperature on soybean stover- and peanut 
shell-derived biochar properties and TCE adsorption in water. Bioresource 
Technology, 118(May), 536–544. 
https://doi.org/10.1016/j.biortech.2012.05.042 

Akowuah, J. O., Kemausuor, F., & Mitchual, S. J. (2012). Physico-chemical 
characteristics and market potential of sawdust charcoal briquette. 
International Journal of Energy and Environmental Engineering, 3(1), 20. 
https://doi.org/10.1186/2251-6832-3-20 

Ali, N., Saleem, M., Shahzad, K., & Chughtai, A. (2015). Bio-Oil Production from 
Fast Pyrolysis of Cotton Stalk in Fluidized Bed Reactor. Arabian Journal for 
Science and Engineering, 40(11), 3019–3027. 
https://doi.org/10.1007/s13369-015-1801-z 

Anderson, N., Jones, J. G., Page-Dumroese, D., McCollum, D., Baker, S., 
Loeffler, D., & Chung, W. (2013). A comparison of producer gas, biochar, 
and activated carbon from two distributed scale thermochemical 
conversion systems used to process forest biomass. Energies, 6(1), 164–
183. https://doi.org/10.3390/en6010164 

Arami-Niya, A., Abnisa, F., Shafeeyan, M. S., Daud, W. M. A. W., & Sahu, J. N. 
(2012). Optimization of synthesis and characterization of palm shell-based 
bio-char as a by-product of bio-oil production process. BioResources, 7(1), 
246–264. 

Arena, U. (2012). Process and technological aspects of municipal solid waste 
gasification. A review. Waste Management, 32(4), 625–639. 
https://doi.org/http://dx.doi.org/10.1016/j.wasman.2011.09.025 



© C
OPYRIG

HT U
PM

97 
 

Azri Sukiran, M., Palm Oil Board, M., Institusi, P., Baru Bangi, B., Mee Chin, C., 
& Kartini Abu Bakar, N. (2009). Bio-oils from Pyrolysis of Oil Palm Empty 
Fruit Bunches Malaysian Palm Oil Board, No. American Journal of Applied 
Sciences, 6(5), 869–875. 

Biomass Valor, W., Siddiqui, M. T. H., Nizamuddin, S., Mubarak, · N M, Shirin, · 
Khaula, Muhammad Aijaz, ·, Baloch, A. (2017). Characterization and 
Process Optimization of Biochar Produced Using Novel Biomass, Waste 
Pomegranate Peel: A Response Surface Methodology Approach. Waste 
and Biomass Valorization, 0, 3. https://doi.org/10.1007/s12649-017-0091-
y 

Boateng, A. A. (2007). Characterization and thermal conversion of charcoal 
derived from fluidized-bed fast pyrolysis oil production of switchgrass. 
Industrial and Engineering Chemistry Research, 46(26), 8857–8862. 
https://doi.org/10.1021/ie071054l 

Brewer, C. E., & Brown, R. C. L. D. a. (2012). Biochar characterization and 
engineering. Graduate Teses and Dissertations, 12284. 
https://doi.org/12284 

Brewer, C. E., Unger, R., Schmidt-Rohr, K., & Brown, R. C. (2011). Criteria to 
Select Biochars for Field Studies based on Biochar Chemical Properties. 
Bioenergy Research, 4(4), 312–323. https://doi.org/10.1007/s12155-011-
9133-7 

Bujang, K. (2011). Potential of sago for commercial production of sugars. 
Carbohydrate Polymers, (October), 1–7. 

Cao, Y., Wang, Y., Riley, J. T., & Pan, W. P. (2006). A novel biomass air 
gasification process for producing tar-free higher heating value fuel gas. 
Fuel Processing Technology, 87(4), 343–353. 
https://doi.org/10.1016/j.fuproc.2005.10.003 

Cetin, E., Moghtaderi, B., Gupta, R., & Wall, T. F. (2004). Influence of pyrolysis 
conditions on the structure and gasification reactivity of biomass chars. 
Fuel, 83(16), 2139–2150. https://doi.org/10.1016/j.fuel.2004.05.008 

Cha, J. S., Park, S. H., Jung, S.-C., Ryu, C., Jeon, J.-K., Shin, M.-C., & Park, Y.-
K. (2016). Production and utilization of biochar: A review. Journal of 
Industrial and Engineering Chemistry, 40, 1–15. 
https://doi.org/https://doi.org/10.1016/j.jiec.2016.06.002 

Chandra, R., Takeuchi, H., & Hasegawa, T. (2012). Methane production from 
lignocellulosic agricultural crop wastes: A review in context to second 
generation of biofuel production. Renewable and Sustainable Energy 
Reviews. https://doi.org/10.1016/j.rser.2011.11.035 

Chaney, J. O. (2010). Combustion Characteristics of Biomass Briquettes by Joel 
Chaney , MSci Physics with French, 229. 

Chew, T., Hassan, A., Ghazah, M., & Ghazah, I. (1998). The sago industry in 



© C
OPYRIG

HT U
PM

98 
 

Malaysia : present status and future prospects. Proceedings of the 7th 
International Working Conference on Stores-Product Protection, 2, 1720–
1728. 

Chiang, H. L., Lo, J. C., Tsai, J. H., & Chang, G. M. (2000). Pyrolysis kinetics 
and residue characteristics of petrochemical industrial sludge. Journal of 
the Air & Waste Management Association, 50(2), 272–277. 
https://doi.org/10.1080/10473289.2000.10464009 

Chin, O. C., & Siddiqui, K. M. (2000). Characteristics of some biomass briquettes 
prepared under modest die pressures. Biomass and Bioenergy, 18(3), 
223–228. https://doi.org/10.1016/S0961-9534(99)00084-7 

Chong, K. ., Law, P. ., Rigit, A. R. ., Baini, R., & Shanti, F. (2014). Sago Bark as 
Renewable Energy. UNIMAS E-Journal of Civil Engineering, 29–34. 

Chow, C., Chaklader, A. C. D., Warren, I. H., & leeder, W. R. (1981). Influence 
of char porosity on strengths of hot-briquettes. Fuel, 60(7), 635–641. 
https://doi.org/10.1016/0016-2361(81)90168-X 

Christensen, E., Ferrell, J., Christensen, E., & Ferrell, J. (2016). Quantification 
of Semi-Volatile Oxygenated Components of Pyrolysis Bio-Oil by Gas 
Chromatography / Mass Spectrometry ( GC / MS ) Laboratory Analytical 
Procedure ( LAP ) Quantification of Semi-Volatile Oxygenated Components 
of Pyrolysis Bio-Oil by Gas Chro, (March). https://doi.org/NREL/TP-5100-
65889 

Chuah, T. G., Wan Azlina, A. G. K., Robiah, Y., & Omar, R. (2006). Biomass as 
the renewable energy sources in Malaysia: An overview. International 
Journal of Green Energy, 3(3), 323–346. 
https://doi.org/10.1080/01971520600704779 

Colantoni, A., Evic, N., Lord, R., Retschitzegger, S., Proto, A. R., Gallucci, F., & 
Monarca, D. (2016). Characterization of biochars produced from pyrolysis 
of pelletized agricultural residues. Renewable and Sustainable Energy 
Reviews, 64, 187–194. https://doi.org/10.1016/j.rser.2016.06.003 

Collins, S. R., Wellner, N., Martinez Bordonado, I., Harper, A. L., Miller, C. N., 
Bancroft, I., & Waldron, K. W. (2014). Variation in the chemical composition 
of wheat straw: the role of tissue ratio and composition. Biotechnology for 
Biofuels, 7(1), 121. https://doi.org/10.1186/s13068-014-0121-y 

Conti, R., Fabbri, D., Vassura, I., & Ferroni, L. (2016). Comparison of chemical 
and physical indices of thermal stability of biochars from different biomass 
by analytical pyrolysis and thermogravimetry. Journal of Analytical and 
Applied Pyrolysis, 122, 160–168. 
https://doi.org/10.1016/j.jaap.2016.10.003 

Dai, J., Sokhansanj, S., Grace, J. R., Bi, X., Lim, C. J., & Melin, S. (2008). 
Overview and some issues related to co-firing biomass and coal. Canadian 
Journal of Chemical Engineering, 86(3), 367–386. 
https://doi.org/10.1002/cjce.20052 



© C
OPYRIG

HT U
PM

99 
 

De Oliveira Maia, B. G., Souza, O., Marangoni, C., Hotza, D., De Oliveira, A. P. 
N., & Sellin, N. (2014). Production and characterization of fuel briquettes 
from banana leaves waste. Chemical Engineering Transactions, 37, 439–

444. https://doi.org/10.3303/CET1437074 

Demirbas, A. (2004). Effects of temperature and particle size on bio-char yield 
from pyrolysis of agricultural residues. Journal of Analytical and Applied 
Pyrolysis, 72(2), 243–248. https://doi.org/10.1016/j.jaap.2004.07.003 

DOSM. (2015). Department of Statistics Malaysia. Retrieved from 
https://www.dosm.gov.my/v1/ 

Fernandes, E. R. K., Marangoni, C., Souza, O., & Sellin, N. (2013). 
Thermochemical characterization of banana leaves as a potential energy 
source. Energy Conversion and Management, 75, 603–608. 
https://doi.org/10.1016/j.enconman.2013.08.008 

Flores, R. A. C., García, F. P., Sánchez, E. M. O., Miró, A. M. B., & Sandoval, 
O. A. A. (2017). Pyrolysis Optimization of Agricultural Waste Using Taguchi 
L9 Orthogonal Array Design, 24(2), 263–273. 
https://doi.org/10.20944/preprints201712.0087.v1 

Frišták, V., Friesl-Hanl, W., Wawra, A., Pipíška, M., & Soja, G. (2015). Effect of 
biochar artificial ageing on Cd and Cu sorption characteristics. Journal of 
Geochemical Exploration, 159, 178–184. 
https://doi.org/10.1016/j.gexplo.2015.09.006 

Ghani, W. A. W. A. K., Mohd, A., da Silva, G., Bachmann, R. T., Taufiq-Yap, Y. 
H., Rashid, U., & Al-Muhtaseb, A. H. (2013). Biochar production from waste 
rubber-wood-sawdust and its potential use in C sequestration: Chemical 
and physical characterization. Industrial Crops and Products. 
https://doi.org/10.1016/j.indcrop.2012.10.017 

Ghugare, S. B., Tiwary, S., Elangovan, V., & Tambe, S. S. (2014). Prediction of 
Higher Heating Value of Solid Biomass Fuels Using Artificial Intelligence 
Formalisms. Bioenergy Research, 7(2), 681–692. 
https://doi.org/10.1007/s12155-013-9393-5 

Gustafsson, M. (2013). Pyrolysis for heat production biochar – the primary 
byproduct, 89pp. 

Handra, N., & Hafni, H. (2017). Effect of Binder on Combustion Quality on EFB 
Bio-briquettes. In IOP Conference Series: Earth and Environmental 
Science. https://doi.org/10.1088/1755-1315/97/1/012031 

Hansen, S. B., Padfield, R., Syayuti, K., Evers, S., Zakariah, Z., & Mastura, S. 
(2015). Trends in global palm oil sustainability research. Journal of Cleaner 
Production, 100, 140–149. https://doi.org/10.1016/j.jclepro.2015.03.051 

Hassan, S., Kee, L. S., & Al-Kayiem, H. H. (2013). Experimental study of palm 
oil mill effluent and oil palm frond waste mixture as an alternative biomass 
fuel. Journal of Engineering Science and Technology, 8(6), 703–712. 



© C
OPYRIG

HT U
PM

100 
 

Hmid, A., Mondelli, D., Fiore, S., Fanizzi, F. P., Al Chami, Z., & Dumontet, S. 
(2014). Production and characterization of biochar from three-phase olive 
mill waste through slow pyrolysis. Biomass and Bioenergy, 71, 330–339. 
https://doi.org/10.1016/j.biombioe.2014.09.024 

Hodgson, E., Lewys-James, A., Rao Ravella, S., Thomas-Jones, S., Perkins, 
W., & Gallagher, J. (2016). Optimisation of slow-pyrolysis process 
conditions to maximise char yield and heavy metal adsorption of biochar 
produced from different feedstocks. Bioresource Technology, 214, 574–

581. https://doi.org/10.1016/j.biortech.2016.05.009 

Hu, J., Lei, T., Wang, Z., Yan, X., Shi, X., Li, Z., Zhang, Q. (2014). Economic, 
environmental and social assessment of briquette fuel from agricultural 
residues in China - A study on flat die briquetting using corn stalk. Energy, 
64, 557–566. https://doi.org/10.1016/j.energy.2013.10.028 

Huber, G. W., Sara, I., & Corma, A. (2006). Synthesis of Transportation Fuels 
from Biomass. Chem Rev., 2(106), 4044–4098. 
https://doi.org/10.1021/cr068360d 

Husain, Z., Zainac, Z., & Abdullah, Z. (2002). Briquetting of palm fibre and shell 
from the processing of palm nuts to palm oil. Biomass and Bioenergy, 
22(6), 505–509. https://doi.org/10.1016/S0961-9534(02)00022-3 

Iberahim, N., Sethupathi, S., & Bashir, M. J. K. (2017). Optimization of palm oil 
mill sludge biochar preparation for sulfur dioxide removal. Environmental 
Science and Pollution Research. https://doi.org/10.1007/s11356-017-
9180-5 

Iberahim, N., Sethupathi, S., & Bashir, M. J. K. (2018). Optimization of palm oil 
mill sludge biochar preparation for sulfur dioxide removal. Environmental 
Science and Pollution Research, 25(26), 25702–25714. 
https://doi.org/10.1007/s11356-017-9180-5 

Idris, A., Mohd, M., & Khalid, K. (n.d.). Low temperature microwave pyrolysis of 
sewage sludge. Retrieved from 
https://www.researchgate.net/publication/237443485 

Idriss, I. M., Grema, A. S., Baba, D., Musa, M. A., & Mohammed, H. I. (2018). 
OPTIMIZATION OF BIOCHAR PRODUCTION FROM BEECH WOOD, 
7(3), 781–788. 

Imam, T., & Capareda, S. (2012). Characterization of bio-oil, syn-gas and bio-
char from switchgrass pyrolysis at various temperatures. Journal of 
Analytical and Applied Pyrolysis, 93, 170–177. 
https://doi.org/10.1016/j.jaap.2011.11.010 

Inal, I. I. G., Holmes, S. M., Banford, A., & Aktas, Z. (2015). The performance of 
supercapacitor electrodes developed from chemically activated carbon 
produced from waste tea. Applied Surface Science, 357, 696–703. 
https://doi.org/10.1016/j.apsusc.2015.09.067 



© C
OPYRIG

HT U
PM

101 
 

Isahak, W. N. R. W., Hisham, M. W. M., Yarmo, M. A., & Yun Hin, T. Y. (2012). 
A review on bio-oil production from biomass by using pyrolysis method. 
Renewable and Sustainable Energy Reviews, 16(8), 5910–5923. 
https://doi.org/10.1016/j.rser.2012.05.039 

Islam, M. N., & Ani, F. N. (2000). Production of Bio-oil from Palm Oil Shell. Jurnal 
Kejuruteraan (Vol. 12). 

Ivanova, T., Kolarikova, M., Havrland, B., & Passian, L. (2014). Mechanical 
durability of briquettes made of energy crops and wood residues. 
Engineering for Rural Development, 13, 131–136. 
https://doi.org/10.1902/jop.1999.70.12.1575 

Khan, A. A., de Jong, W., Jansens, P. J., & Spliethoff, H. (2009). Biomass 
combustion in fluidized bed boilers: Potential problems and remedies. Fuel 
Processing Technology, 90(1), 21–50. 
https://doi.org/10.1016/j.fuproc.2008.07.012 

Khezri, R., Azlinaa, W., & Tana, H. B. (2016). An Experimental Investigation of 
Syngas Composition from Small-Scale Biomass Gasification. International 
Journal of Biomass & Renewables, 5(1), 6–13. 

Kim, D. J., Jo, M. J., & Nam, S. Y. (2015). A review of polymer-nanocomposite 
electrolyte membranes for fuel cell application. Journal of Industrial and 
Engineering Chemistry, 21, 36–52. 
https://doi.org/10.1016/j.jiec.2014.04.030 

Kim, D., Yoshikawa, K., & Park, K. Y. (2015). Characteristics of biochar obtained 
by hydrothermal carbonization of cellulose for renewable energy. Energies, 
8(12), 14040–14048. https://doi.org/10.3390/en81212412 

Kong, S.-H., Loh, S.-K., Bachmann, R. T., Rahim, S. A., & Salimon, J. (2014). 
Biochar from oil palm biomass: A review of its potential and challenges. 
Renewable and Sustainable Energy Reviews, 39, 729–739. 
https://doi.org/https://doi.org/10.1016/j.rser.2014.07.107 

Kumar, S., & Singh, R. K. (2014). Optimization of process parameters by 
response surface methodology (RSM) for catalytic pyrolysis of waste high-
density polyethylene to liquid fuel. Journal of Environmental Chemical 
Engineering, 2(1), 115–122. https://doi.org/10.1016/j.jece.2013.12.001 

Kumar Sharma, M., Priyank, G., & Sharma, N. (2015). Biomass briquette 
production: a propagation of non-convention technology and future of 
pollution free thermal energy sources. American Journal of Engineering 
Research, (0402), 2320–2847. Retrieved from www.ajer.org 

Kung, C., & Chang, M. (2015). Effect of Agricultural Feedstock to Energy 
Conversion Rate on Bioenergy and GHG Emissions, 5981–5995. 
https://doi.org/10.3390/su7055981 

Kuroda, K. I., Ozawa, T., & Ueno, T. (2001). Characterization of sago palm 
(Metroxylon sagu) lignin by analytical pyrolysis. Journal of Agricultural and 



© C
OPYRIG

HT U
PM

102 
 

Food Chemistry, 49(4), 1840–1847. https://doi.org/10.1021/jf001126i 

Laginhas, C., Nabais, J. M. V., & Titirici, M. M. (2016). Activated carbons with 
high nitrogen content by a combination of hydrothermal carbonization with 
activation. Microporous and Mesoporous Materials, 226, 125–132. 
https://doi.org/10.1016/j.micromeso.2015.12.047 

Lahijani, P., & Zainal, Z. A. (2011). Gasification of palm empty fruit bunch in a 
bubbling fluidized bed: A performance and agglomeration study. 
Bioresource Technology, 102(2), 2068–2076. 
https://doi.org/http://dx.doi.org/10.1016/j.biortech.2010.09.101 

Lai, L. W., & Idris, A. (2013). Disruption of oil palm trunks and fronds by 
microwave-alkali pretreatment. BioResources. 
https://doi.org/10.15376/biores.8.2.2792-2804 

Lee, K. M., Ngoh, G.-C., Chua, A. S. M., Yoon, L. W., Nam, T., & Lee, M. G. 
(2014). Comparison study of different ionic liquid pretreatments in 
maximizing total reducing sugars recovery. 

Lee, M. K., Tsai, W. T., Tsai, Y. L., & Lin, S. H. (2010). Pyrolysis of napier grass 
in an induction-heating reactor. Journal of Analytical and Applied Pyrolysis, 
88(2), 110–116. https://doi.org/10.1016/j.jaap.2010.03.003 

Lee, Y., Park, J., Gang, K. S., Ryu, C., & Yang, W. (2013). Production and 
Characterization of Biochar from Various Biomass Materials by Slow 
Pyrolysis. Food and Fertilizer Technology Center, 1–11. 

Lee, Y., Park, J., Ryu, C., Gang, K. S., Yang, W., Park, Y. K., Hyun, S. (2013). 
Comparison of biochar properties from biomass residues produced by slow 
pyrolysis at 500°C. Bioresource Technology, 148, 196–201. 
https://doi.org/10.1016/j.biortech.2013.08.135 

Lehmann, J., Gaunt, J., & Rondon, M. (2006). Bio-char sequestration in 
terrestrial ecosystems - A review. Mitigation and Adaptation Strategies for 
Global Change, 11(2), 403–427. https://doi.org/10.1007/s11027-005-9006-
5 

Lehmann, J., & Joseph, S. (2009). Biochar for environmental management : An 
introduction. Biochar for Environmental Management - Science and 
Technology, 1, 1–12. https://doi.org/10.1016/j.forpol.2009.07.001 

Liang, B., Lehmann, J., Solomon, D., Kinyangi, J., Grossman, J., O’Neill, B.,  
Neves, E. G. (2006). Black Carbon Increases Cation Exchange Capacity 
in Soils. Soil Science Society of America Journal, 70(5), 1719. 
https://doi.org/10.2136/sssaj2005.0383 

Lim, C. H., Mohammed, I. Y., Abakr, Y. A., Kazi, F. K., Yusup, S., & Lam, H. L. 
(2016). Novel input-output prediction approach for biomass pyrolysis. 
Journal of Cleaner Production, 136, 51–61. 
https://doi.org/10.1016/j.jclepro.2016.04.141 



© C
OPYRIG

HT U
PM

103 
 

Liu, D., Keesing, J. K., Xing, Q., & Shi, P. (2009). World’s largest macroalgal 
bloom caused by expansion of seaweed aquaculture in China. Marine 
Pollution Bulletin, 58(6), 888–895. 
https://doi.org/10.1016/j.marpolbul.2009.01.013 

Liu, Z., & Han, G. (2015). Production of solid fuel biochar from waste biomass 
by low temperature pyrolysis. Fuel, 158, 159–165. 
https://doi.org/10.1016/j.fuel.2015.05.032 

Liu, Z., Quek, A., Kent Hoekman, S., & Balasubramanian, R. (2013). Production 
of solid biochar fuel from waste biomass by hydrothermal carbonization. In 
Fuel. https://doi.org/10.1016/j.fuel.2012.07.069 

Lubwama, M., & Yiga, V. A. (2018). Characteristics of briquettes developed from 
rice and coffee husks for domestic cooking applications in Uganda. 
Renewable Energy. https://doi.org/10.1016/j.renene.2017.11.003 

Luo, L., Xu, C., Chen, Z., & Zhang, S. (2015). Properties of biomass-derived 
biochars: Combined effects of operating conditions and biomass types. 
Bioresource Technology. https://doi.org/10.1016/j.biortech.2015.05.054 

Madhu, P., Livingston, T. S., & Kanagasabapathy, H. (2018). Flash Pyrolysis of 
Lemon Grass (Cymbopogon flexuosus) for Bio-oil Production in an 
Electrically Heated Fluidized Bed Reactor. Waste and Biomass 

Valorization, 9(6), 1037–1046. https://doi.org/10.1007/s12649-017-9872-6 

Mahimairaja, S. S. and S. (2012). Research Article PRODUCTION AND 
CHARACTERIZATION OF BIOCHAR FROM DIFFERENT BIOLOGICAL 
WASTES S . Shenbagavalli * and S . Mahimairaja Department of 
Environmental Science , Tamil Nadu Agricultural University Table 1 . 
Characteristics of Biochar from differe. International Journal of 
Plant.Animal and Environmental Sciences, 2, 197–201. 

MANRED. (2018). Commercialization of Sarawak Agricultural Products. 
Retrieved from 
https://manred.sarawak.gov.my/modules/web/pages.php?mod=staffconta
ct&menu_id=0&sub_id=20 

Mašek, O., Brownsort, P., Cross, A., & Sohi, S. (2013). Influence of production 
conditions on the yield and environmental stability of biochar. Fuel, 
103(August 2017), 151–155. https://doi.org/10.1016/j.fuel.2011.08.044 

Mazlan, M. A. F., Uemura, Y., Osman, N., & Yusup, S. (2014). Review on 
Pyrolysis of Hardwood Residue to Biofuel. Applied Mechanics and 
Materials, 625, 714–717. 
https://doi.org/10.4028/www.scientific.net/AMM.625.714 

McKendry, P. (2002). Energy production from biomass (part 2): conversion 
technologies. Bioresource Technology, 83(1), 47–54. 
https://doi.org/http://dx.doi.org/10.1016/S0960-8524(01)00119-5 

Meyer, S., Glaser, B., & Quicker, P. (2011). Technical, economical, and climate-



© C
OPYRIG

HT U
PM

104 
 

related aspects of biochar production technologies: A literature review. 
Environmental Science and Technology, 45(22), 9473–9483. 
https://doi.org/10.1021/es201792c 

Mohamad, M., Wei, T. C., Mohammad, R., & Wei, L. J. (2017). Optimization of 
operating parameters by responsesurface methodology for malachite 
green dye removal using biochar prepared from eggshell. ARPN Journal of 
Engineering and Applied Sciences. 

Mohamad Naim, H., Yaakub, A. N., & Awang Hamdan, D. A. (2016). 
Commercialization of Sago through Estate Plantation Scheme in Sarawak: 
The Way Forward. International Journal of Agronomy, 2016. 
https://doi.org/10.1155/2016/8319542 

Mohammed, I. Y., Abakr, Y. A., Kazi, F. K., Yusuf, S., Alshareef, I., & Chin, S. A. 
(2015). Pyrolysis of Napier Grass in a Fixed Bed Reactor : Effect of 
Operating Conditions on Product Yields and. BioResources, 10(4), 6457–
6478. https://doi.org/10.15376/biores.10.4.6457-6478 

Mohammed, I. Y., Abakr, Y. A., Musa, M., Yusup, S., Singh, A., & Kazi, F. K. 
(2016). Valorization of Bambara groundnut shell via intermediate pyrolysis: 
Products distribution and characterization. Journal of Cleaner Production, 
139, 717–728. https://doi.org/10.1016/j.jclepro.2016.08.090 

Mohammed, I. Y., Abakr, Y. A., Yusup, S., & Kazi, F. K. (2017). Valorization of 
Napier grass via intermediate pyrolysis: Optimization using response 
surface methodology and pyrolysis products characterization. Journal of 
Cleaner Production, 142, 1848–1866. 
https://doi.org/10.1016/j.jclepro.2016.11.099 

Mohammed, M. A. A., Salmiaton, A., Azlina, W. W., Amran, M. S. M., & Fakhru’l-
Razi, A. (2011). Air gasification of empty fruit bunch for hydrogen-rich gas 
production in a fluidized-bed reactor. Energy Conversion and Management, 
52(2), 1555–1561. 

Mohd Iqbaldin, M. N., Khudzir, I., Mohd Azlan, M. I., Zaidi, A. G., Surani, B., & 
Zubri, Z. (2013). Properties of coconut shell activated carbon. Journal of 

Tropical Forest Science. https://doi.org/10.2307/23616990 

Mondal, P., Dang, G. S., & Garg, M. O. (2011). Syngas production through 
gasification and cleanup for downstream applications — Recent 
developments. Fuel Processing Technology, 92(8), 1395–1410. 
https://doi.org/http://dx.doi.org/10.1016/j.fuproc.2011.03.021 

Mopoung, S., & Udeye, V. (2017). Characterization and Evaluation of Charcoal 
Briquettes Using Banana Peel and Banana Bunch Waste for Household 
Heating. American Journal of Engineering and Applied Sciences, 10(2), 
353–365. https://doi.org/10.3844/ajeassp.2017.353.365 

Mullen, C. A., & Boateng, A. A. (2008). Chemical Composition of Bio - oils 
Produced by Fast Pyrolysis of Two Energy Crops. Energy & Fuels, 22(7), 
2104–2109. https://doi.org/10.1021/ef700776w 



© C
OPYRIG

HT U
PM

105 
 

Nam, H., Capareda, S. C., Ashwath, N., & Kongkasawan, J. (2015). 
Experimental investigation of pyrolysis of rice straw using bench-scale 
auger, batch and fluidized bed reactors. Energy, 93, 2384–2394. 
https://doi.org/10.1016/j.energy.2015.10.028 

Nasrin, A. B., Ma, A. N., Choo, Y. M., Mohamad, S., Rohaya, M. H., Azali, A., & 
Zainal, Z. (2008). Oil palm biomass as potential substitution raw materials 
for commercial biomass Briquettes production. American Journal of 
Applied Sciences. https://doi.org/10.3844/ajassp.2008.179.183 

Ng, W. P. Q., Lam, H. L., Ng, F. Y., Kamal, M., & Lim, J. H. E. (2012). Waste-to-
wealth: Green potential from palm biomass in Malaysia. Journal of Cleaner 
Production, 34(September 2011), 57–65. 
https://doi.org/10.1016/j.jclepro.2012.04.004 

Niu, Y., Tan, H., Liu, Y., Wang, X., & Xu, T. (2013). The effect of particle size 
and heating rate on pyrolysis of waste capsicum stalks biomass. Energy 
Sources, Part A: Recovery, Utilization and Environmental Effects, 35(17), 
1663–1669. https://doi.org/10.1080/15567036.2010.509084 

Novak, J. M., Lima, I., Xing, B., Gaskin, J. W., Steiner, C., Das, K. C., … 
Schomberg, H. (2009). Characterization of designer biochar produced at 
different temperatures and their effects on a loamy sand. Annals of 
Environmental Science, 3(843), 195–206. https://doi.org/Novak, J., Lima, 
I., Xing, B., Gaskin, J., Steiner, C., Das, K., … Schomberg, H. 
Characterization of Designer Biochar Produced at Different Temperatures 
and Their Effects on a Loamy Sand. , 3 Annals of Environmental Science 
(2009). 

Nurmi, J. (2015). HEATING VALUE AND ASH CONTENT OF INTENSIVELY 
managed stands, 60(1), 71–82. 

Onyango, D. O., & Kaluli, J. W. (2008). Pyrolysis: an alternative technology for 
municipal solid waste management. 

Oyelaran, O. A., & Tudunwada, Y. Y. (2015). Determination of the bioenergy 
potential of melon shell and corn cob briquette. Iranica Journal of Energy 

and Environment, 6(3), 167–172. 

Özçimen, D. (2010). An Approach to the Characterization of Biochar and Bio-Oil. 
Vildiz Technical University, Turkey, 1–16. 

ÖzyuǧUran, A., & Yaman, S. (2017). Prediction of Calorific Value of Biomass 
from Proximate Analysis. Energy Procedia, 107(September 2016), 130–

136. https://doi.org/10.1016/j.egypro.2016.12.149 

Park, J., Lee, Y., Ryu, C., & Park, Y. K. (2014). Slow pyrolysis of rice straw: 
Analysis of products properties, carbon and energy yields. Bioresource 
Technology, 155, 63–70. https://doi.org/10.1016/j.biortech.2013.12.084 

Paul Chen, Qinglong Xie, Zhenyi Du, Fernanda Cabral Borges, Peng Peng, 
Yanling Cheng, Ruan. (2015). Microwave-Assisted Thermochemical 



© C
OPYRIG

HT U
PM

106 
 

Conversion of Biomass for Biofuel Production. Production of Biofuels and 
Chemicals with Microwave, 3, 83–98. https://doi.org/10.1007/978-94-017-
9612-5 

Puig-Arnavat, M., Bruno, J. C., & Coronas, A. (2010). Review and analysis of 
biomass gasification models. Renewable and Sustainable Energy 
Reviews, 14(9), 2841–2851. 
https://doi.org/http://dx.doi.org/10.1016/j.rser.2010.07.030 

Rahman Mohamed, A., & Lee, K. T. (2006). Energy for sustainable development 
in Malaysia: Energy policy and alternative energy. Energy Policy. 
https://doi.org/10.1016/j.enpol.2005.04.003 

Rambli, J., Ghani, W. A. W. A. K., & Salleh, M. A. M. (2018). Characterization of 
sago-based biochar as potential feedstock for solid fuel. Journal of Energy 
and Safety Technology. 

Rasul, M. G., Jahirul, M. I., & Science, W. (2012). Recent Developments in 
Biomass Pyrolysis for Bio-Fuel Production : Its Potential for Commercial 
Applications Pyrolysis Process Description Pyrolysis classification. Recent 
Researches in Environmental and Geological Sciences Recent, (July), 
256–265. 

Ravindran, H., Thangalazhy-Gopakumar, S., Adhikari, S., Fasina, O., Tu, M., 
Via, B., Taylor, S. (2015). Production of bio-oil from underutilized forest 
biomass using an auger reactor. Energy Sources, Part A: Recovery, 
Utilization and Environmental Effects, 37(7), 750–757. 
https://doi.org/10.1080/15567036.2011.613894 

Romallosa, A. R. D., & Hornada, K. J. C. (2011). Briquetting of Biomass and 
Urban Wastes Using a Household Briquette Molder. International 
Conference WasteSafe 2011, 1. 

Ronsse, F., van Hecke, S., Dickinson, D., & Prins, W. (2013). Production and 
characterization of slow pyrolysis biochar: Influence of feedstock type and 
pyrolysis conditions. GCB Bioenergy, 5(2), 104–115. 
https://doi.org/10.1111/gcbb.12018 

Rupesh, S., Muraleedharan, C., & Arun, P. (2014). Analysis of hydrogen 
generation through thermochemical gasification of coconut shell using 
thermodynamic equilibrium model considering char and tar. International 
Scholarly Research Notices, 2014. 

Sa’don, N. A., Rahim, A. A., Ibrahim, M. N. M., Brosse, N., & Hussin, M. H. 
(2017). Modification of oil palm fronds lignin by incorporation of m-cresol 
for improving structural and antioxidant properties. International Journal of 
Biological Macromolecules, 104, 251–260. 
https://doi.org/10.1016/j.ijbiomac.2017.06.038 

Samanta, A., Zhao, A., Shimizu, G. K. H., Sarkar, P., & Gupta, R. (2012). Post-
combustion CO2 capture using solid sorbents: A review. Industrial and 
Engineering Chemistry Research, 51(4), 1438–1463. 



© C
OPYRIG

HT U
PM

107 
 

https://doi.org/10.1021/ie200686q 

Samsuri, A. W., Sadegh-Zadeh, F., & Seh-Bardan, B. J. (2014). Characterization 
of biochars produced from oil palm and rice husks and their adsorption 
capacities for heavy metals. International Journal of Environmental Science 
and Technology, 11(4), 967–976. https://doi.org/10.1007/s13762-013-
0291-3 

SCORE. (2018). Sarawak Corridor of Renewable Energy. Retrieved from 
http://www.recoda.com.my/ 

Şensöz, S., & Angın, D. (2008). Pyrolysis of safflower (Charthamus tinctorius L.) 
seed press cake: Part 1. The effects of pyrolysis parameters on the product 
yields. Bioresource Technology, 99(13), 5492–5497. 
https://doi.org/https://doi.org/10.1016/j.biortech.2007.10.046 

Shahbaz, M., Yusup, S., Inayat, A., Patrick, D. O., & Pratama, A. (2016). 
Application of response surface methodology to investigate the effect of 
different variables on conversion of palm kernel shell in steam gasification 
using coal bottom ash. Applied Energy, 184, 1306–1315. 
https://doi.org/10.1016/j.apenergy.2016.05.045 

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), 97–112. 

Sharma, M. K., Priyank, G., & Sharma, N. (2015). Biomass Briquette Production: 
A Propagation of Non-Convention Technology and Future of Pollution Free 
Thermal Energy Sources. American Journal of Engineering Research 
(AJER), 04, 44–50. Retrieved from www.ajer.org 

Shen, J., Wang, X. S., Garcia-Perez, M., Mourant, D., Rhodes, M. J., & Li, C. Z. 
(2009). Effects of particle size on the fast pyrolysis of oil mallee woody 
biomass. Fuel, 88(10), 1810–1817. 
https://doi.org/10.1016/j.fuel.2009.05.001 

Shyamalee, D., Amarasinghe, A. D. U. S., & Senanayaka, N. S. (2015). 
Evaluation of different binding materials in forming biomass briquettes with 
saw dust. International Journal of Scientific and Research Publications, 
5(3), 1–8. 

Singhal, R. S., Kennedy, J. F., Gopalakrishnan, S. M., Kaczmarek, A., Knill, C. 
J., & Akmar, P. F. (2008). Industrial production, processing, and utilization 
of sago palm-derived products. Carbohydrate Polymers, 72(1), 1–20. 
https://doi.org/10.1016/j.carbpol.2007.07.043 

Sohni, S., Norulaini, N. A. N., Hashim, R., Khan, S. B., Fadhullah, W., & Mohd 
Omar, A. K. (2018). Physicochemical characterization of Malaysian crop 
and agro-industrial biomass residues as renewable energy resources. 
Industrial Crops and Products, 111(June 2017), 642–650. 
https://doi.org/10.1016/j.indcrop.2017.11.031 



© C
OPYRIG

HT U
PM

108 
 

Spokas, K. A., Koskinen, W. C., Baker, J. M., & Reicosky, D. C. (2009). Impacts 
of woodchip biochar additions on greenhouse gas production and 
sorption/degradation of two herbicides in a Minnesota soil. Chemosphere, 
77(4), 574–581. https://doi.org/10.1016/j.chemosphere.2009.06.053 

Sukiran, M. A., Kartini, N. O. R., Bakar, A. B. U., & Chin, C. M. E. E. (2009). 
Optimization of Pyrolysis of Oil Palm Empty Fruit Bunches Optimization of 
Pyrolysis of Oil Palm Empty Fruit Bunches. American Journal of Applied 
Sciences, 21(6), 653–658. https://doi.org/10.3844/ajas.2009.869.875 

Thabuot, M., Pagketanang, T., Panyacharoen, K., Mongkut, P., & Wongwicha, 
P. (2015). Effect of Applied Pressure and Binder Proportion on the Fuel 
Properties of Holey Bio-Briquettes. Energy Procedia (Vol. 79). Elsevier B.V. 
https://doi.org/10.1016/j.egypro.2015.11.583 

Thomazini, A., Spokas, K., Hall, K., Ippolito, J., Lentz, R., & Novak, J. (2015). 
GHG impacts of biochar: Predictability for the same biochar. Agriculture, 
Ecosystems and Environment, 207, 183–191. 
https://doi.org/10.1016/j.agee.2015.04.012 

Tripathi, M., Sahu, J. N., & Ganesan, P. (2016). Effect of process parameters on 
production of biochar from biomass waste through pyrolysis: A review. 
Renewable and Sustainable Energy Reviews, 55, 467–481. 
https://doi.org/https://doi.org/10.1016/j.rser.2015.10.122 

Ugwu, K. (2013). Evaluation of Binders in the Production of Briquettes from 
Empty Fruit Bunches of Elais Guinensis. International Journal of 
Renewable and Sustainable Energy, 2(4), 176. 
https://doi.org/10.11648/j.ijrse.20130204.17 

Ugwu, K. E., & Agbo, K. E. (2011). Briquetting of Palm Kernel Shell. Journal of 
Applied Sciences and Environmental Management, 15(3), 447–450. 

Wahi, R., Chuah, L. A., Ngaini, Z., Nourouzi, M. M., & Choong, T. S. Y. (2014). 
Esterification of M. sagu bark as an adsorbent for removal of emulsified oil. 
Journal of Environmental Chemical Engineering, 2(1), 324–331. 
https://doi.org/10.1016/j.jece.2013.12.010 

Wakchaure, G. C., & Mani, I. (2009). Effect of binders and pressures on physical 
quality of some biomass briquettes. Journal of Agricultural Engineering 
Research, 46(4)(October-December, 2009), 24–30. 

Waqas, M., Nizami, A. S., Aburiazaiza, A. S., Barakat, M. A., Ismail, I. M. I., & 
Rashid, M. I. (2018). Optimization of food waste compost with the use of 
biochar. Journal of Environmental Management. 
https://doi.org/10.1016/j.jenvman.2017.06.015 

WBO. (2016). World Bioenergy Association. Retrieved from 
https://worldbioenergy.org/ 

Xie, T., Reddy, K. R., Wang, C., Yargicoglu, E., & Spokas, K. (2015). 
Characteristics and Applications of Biochar for Environmental 



© C
OPYRIG

HT U
PM

109 
 

Remediation: A Review. Critical Reviews in Environmental Science and 
Technology, 45(9), 939–969. 
https://doi.org/10.1080/10643389.2014.924180 

Xiong, S., Zhang, S., Wu, Q., Guo, X., Dong, A., & Chen, C. (2014). Investigation 
on cotton stalk and bamboo sawdust carbonization for barbecue charcoal 
preparation. Bioresource Technology, 152, 86–92. 
https://doi.org/10.1016/j.biortech.2013.11.005 

Yakub Mohammed, I. (2016). Pyrolysis of Napier Grass To Bio-Oil and Catalytic 
Upgrading To High Grade Bio-Fuel. 

Yang, H., Yan, R., Chen, H., Lee, D. H., & Zheng, C. (2007). Characteristics of 
hemicellulose, cellulose and lignin pyrolysis. Fuel. 
https://doi.org/10.1016/j.fuel.2006.12.013 

Yang, W., Wang, H., Zhang, M., Zhu, J., Zhou, J., & Wu, S. (2016). Fuel 
properties and combustion kinetics of hydrochar prepared by hydrothermal 
carbonization of bamboo. Bioresource Technology, 205, 199–204. 
https://doi.org/10.1016/j.biortech.2016.01.068 

Zanella, K., Gonçalves, J. L., & Taranto, O. P. (2016). Charcoal Briquette 
Production Using Orange Bagasse and Corn Starch. Chemical Engineering 
Transactions, 49(2004), 313–318. https://doi.org/10.3303/CET1649053 

Zhang, H., Zheng, J., Xiao, R., Shen, D., Jin, B., Xiao, G., Aroua, M. K. (2013). 
A review on pyrolysis of plastic wastes. Energy Conversion and 
Management, 3(17), 5769. 
https://doi.org/10.1016/j.enconman.2016.02.037 

Zhang, J., Liu, J., & Liu, R. (2015). Effects of pyrolysis temperature and heating 
time on biochar obtained from the pyrolysis of straw and lignosulfonate. 
Bioresource Technology, 176, 288–291. 
https://doi.org/10.1016/j.biortech.2014.11.011 

Zhang, L., Jiang, J., Holm, N., & Chen, F. (2014). Mini-chunk biochar 
supercapacitors. Journal of Applied Electrochemistry, 44(10), 1145–1151. 
https://doi.org/10.1007/s10800-014-0726-7 

Zhao, S. X., Ta, N., & Wang, X. D. (2017). Effect of temperature on the structural 
and physicochemical properties of biochar with apple tree branches as 
feedstock material. Energies, 10(9). https://doi.org/10.3390/en10091293 

Zhong, M., Gao, S., Zhou, Q., Yue, J., Ma, F., & Xu, G. (2016). Characterization 
of char from high temperature fluidized bed coal pyrolysis in complex 
atmospheres. Particuology, 25, 59–67. 
https://doi.org/10.1016/j.partic.2014.12.018 

 

 



© C
OPYRIG

HT U
PM

139 
 

BIODATA OF STUDENT 
 

Jakaria Haji Rambli was born in Kuching, Sarawak, Malaysia. He lives with his 
parents in Jalan Matang, Kuching, Sarawak. He graduated from his high school, 
Sekolah Menengah Sains Kuching, Kuching. In 2011, he pursued his tertiary 
education in Universiti Malaysia Sarawak (UNIMAS) and earned his Bacherlor’s 
degree (Honours) in Resource Biotechnology. In August of 2016, he pursued his 
Master’s degree in Chemical and Environmental Engineering under the 
supervision of Associate Professor Ir. Dr. Wan Azlina Wan Ab Karim Ghani in 
Universiti Putra Malaysia.  

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

140 

LIST OF PUBLICATIONS 

Rambli, J., Ghani, W. A. W. A. K., & Salleh, M. A. M. (2018). Characterization of 
Sago-based Biochar as Potential Feedstock for Solid Fuel. Journal of Energy 
and Safety Technology (JEST), 1(2). 

Rambli, J., Azlina, W. A. K. G. W., Salleh, M. A. M., & Khezri, R. (2019). 
Evaluation of Biochar from Sago (Metroxylon Spp.) as a Potential Solid 
Fuel. BioResources, 14(1), 1928-1940. 

Chan, Y. H., Cheah, K. W., How, B. S., Loy, A. C. M., Shahbaz, M., Singh, H. K. 
G., . & Kansha, Y. (2019). An overview of biomass thermochemical conversion 
technologies in Malaysia. Science of The Total Environment, 680, 105-123. 

Evaluation Sago-Derived Biochar as a Potential Solid Biomass Fuel: 
Characterization and Combustion Performance (Peer-Reviewed Articles in 
Journal of food and bio product processing). 

An Outlook of Malaysian Biomass Industry Commercialisation: Perspectives and 
Challenges (Peer-Reviewed Articles in Renewable & Sustainable Energy 
Reviews Journal). 

Sago-Based Biochar Production and its Characteristics and Potential Application 
Solid Fuel Feedstock (2018 International Conference on the Biomass-
Environment-Food-Energy-Water (BEFEW) Nexus). 



© C
OPYRIG

HT U
PM

142 
 

 
 

UNIVERSITI PUTRA MALAYSIA 

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT 
AND COPYRIGHT 

 
ACADEMIC SESSION : ________________ 

 
 
TITLE OF THESIS / PROJECT REPORT :  

BIOCHARS PRODUCTION FROM SAGO (METROXYLON SPP.) VIA 

PYROLYSIS TECHNIQUE 

NAME OF STUDENT :    

JAKARIA HAJI RAMBLI 

I acknowledge that the copyright and other intellectual property in the 
thesis/project report belonged to Universiti Putra Malaysia and I agree to allow 
this thesis/project report to be placed at the library under the following terms: 

1. This thesis/project report is the property of Universiti Putra Malaysia. 

2. The library of Universiti Putra Malaysia has the right to make copies for 
educational purposes only. 

3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis 
for academic   exchange.  

 
I declare that this thesis is classified as: 

*Please tick (√ ) 
 

CONFIDENTIAL  (Contain confidential information under Official 
Secret Act 1972). 

 
RESTRICTED  (Contains restricted information as specified by 

the organization/institution where research was 
done).   

 
OPEN ACCESS I agree that my thesis/project report to be 

published as hard copy or online open access.  
 

 



© C
OPYRIG

HT U
PM

143 
 

This thesis is submitted for: 

PATENT Embargo from  _____________ until 
____________           (date)               
     (date) 

 
 

Approved by: 
 
 
 
                                                                               
________________________               ____________________ 
(Signature of Student) (Signature of Chairman 
New IC No/ Passport No.: of Supervisory Committee) 
      Name: 
Date : 
      Date :  
 
 
[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with 
the letter from the organization/institution with period and reasons for 
confidentially or restricted. ] 
 
 

 


	primary pages
	2Thesis



