48

REFERENCES

Almeida, G., Brito, J. O., & Perré P. (2010). Alterations in energy properties of
eucalyptus wood and bark subjected to torrefaction: the potential of mass loss as a
synthetic indicator. Bioresource technology, 101(24), 9778-9784.

Asadullah, M., Adi, A. M., Suhada, N., Malek, N. H., Saringat, M. I., & Azdarpour, A.
(2014). Optimization of palm kernel shell torrefaction to produce energy densified bio-
coal. Energy Conversion and Management, 88, 1086-1093.

Bach, Q. V., Chen, W. H., Chu, Y. S., & Skreiberg, &. (2016). Predictions of biochar
yield and elemental composition during torrefaction of forest residues. Bioresource
technology, 215, 239-246.

Bates, R. B., & Ghoniem, A. F. (2012). Biomass torrefaction: modeling of volatile and
solid product evolution kinetics. Bioresource technology, 124, 460-469.

Bridgeman, T. G., Jones, J. M., Shield, I., & Williams, P. T. (2008). Torrefaction of reed
canary grass, wheat straw and willow to enhance solid fuel qualities and combustion
properties. Fuel, 87(6), 844-856.

Chen, W. H., Liu, S. H.,, Juang, T. T., Tsai, C. M., & Zhuang, Y. Q. (2015).
Characterization of solid and liquid products from bamboo torrefaction. Applied
Energy, 160, 829-835.

Chen, W. H., & Kuo, P. C. (2011). Torrefaction and co-torrefaction characterization of
hemicellulose, cellulose and lignin as well as torrefaction of some basic constituents in
biomass. Energy, 36(2), 803-811.

Chin, K. L., H’ng, P. S., Go, W. Z., Wong, W. Z., Lim, T. W., Maminski, M., ... &
Lugman, A. C. (2013). Optimization of torrefaction conditions for high energy density
solid biofuel from oil palm biomass and fast growing species available in
Malaysia. Industrial crops and products, 49, 768-774.

Chiou, B. S., Valenzuela-Medina, D., Bilbao-Sainz, C., Klamczynski, A. K., Avena-
Bustillos, R. J., Milczarek, R. R., ... & Orts, W. J. (2015). Torrefaction of pomaces and
nut shells. Bioresource technology, 177, 58-65.

Dahlquist, E. & A. Lestander, T. (2013). Biomass as energy source (1st ed., pp.
43).Leiden, The etherlands: CRC Press/Balkema. Balkema.



49

Darwish, M., Aris, A., Puteh, M. H., Jusoh, M. N. H., & Kadir, A. A. (2016). Waste bones
ash as an alternative source of P for struvite precipitation. Journal of environmental
management.

Deng, J., Wang, G. J., Kuang, J. H., Zhang, Y. L., & Luo, Y. H. (2009). Pretreatment of
agricultural residues for co-gasification via torrefaction.Journal of Analytical and Applied
Pyrolysis, 86(2), 331-337.

Desideri, U. & Fantozzi, F. (2013). technologies for converting biomass to useful
energy (4th ed., pp. 129-136). London: CRC Press Taylor & Francis Group.

Dhungana, A., Dutta, A., & Basu, P. (2012). Torrefaction of non-lignocellulose biomass
waste. The Canadian Journal of Chemical Engineering, 90(1), 186-195.

Donahue, C. J., & Rais, E. A. (2009). Proximate analysis of coal. J. Chem. Educ, 86(2),
222.

Ghassemi, H., Beheshti, S. M., & Shahsavan-Markadeh, R. (2015). Mathematical
modeling of extra-heavy oil gasification at different fuel water contents. Fuel, 162, 258-
263.

Gomez, L. D., Steele-King, C. G., & McQueen-Mason, S. J. (2008). Sustainable liquid
biofuels from biomass: the writing's on the walls. New Phytologist, 178(3), 473-485.

Gong, C., Huang, J., Feng, C., Wang, G., Tabil, L., & Wang, D. (2016). Effects and
mechanism of ball milling on torrefaction of pine sawdust. Bioresource technology, 214,
242-247.

Grant, N., & Clarke, A. (2010). Biomass-a burning issue. The Association for
Environment, 2-5.

Idris, A., B. Inane and M. N. Hassan. 2004. Overview of Waste Disposal and
Landfills/Dumps in Asian Countries. Journal of Material Cycles and Waste Management.
6: 104-110.

Kaliyan, N., Morey, R. V., Tiffany, D. G., & Lee, W. F. (2014). Life cycle assessment of
a corn stover torrefaction plant integrated with a corn ethanol plant and a coal fired power
plant. Biomass and Bioenergy, 63, 92-100.

Kathiravale, S., Yunus, M. N. M., Sopian, K., Samsuddin, A. H., & Rahman, R. A. (2003).
Modeling the heating value of Municipal Solid Waster. Fuel, 82(9), 1119-1125.

Kathrivale, S., Yunus, M. N. M., Sopian, K., and Samsuddin, A. H. (2003) Energy
potention from municipal solid waste in Malaysia. Renewable Energy, 29, 559-567.



50

Kathirvale, S., Yunus, M. N. M., Sopian, K., & Samsuddin, A. H. (2004). Energy
potential from municipal solid waste in Malaysia. Renewable energy, 29(4), 559-567.

Kim, M. H., and Kim, J. W. (2010) Comparison through a LCA evaluation analysis of
food waste disposal options from the perspective of global warming and resource
recovery. Science of theTotal Environment, 408 (19), 3998-4006.

Lee, S. H., Choi, K. I., Osako, M. and Jong-In Dong,J. I. (2007) Evaluation of
environmental burdens caused by changes of food waste management systems in Seoul,
Korea. Science of The Total Environment, 387 (1-3) 42-53.

Lee, J. W., Kim, Y. H., Lee, S. M., & Lee, H. W. (2012). Optimizing the torrefaction of
mixed softwood by response surface methodology for biomass upgrading to high energy
density. Bioresource technology, 116, 471-476.

Mangut, V., Sabio, E., Gafgn, J., Gonzd8ez, J. F., Ramiro, A., Gonz&8ez, C. M., ... & Al-
Kassir, A. (2006). Thermogravimetric study of the pyrolysis of biomass residues from
tomato processing industry. Fuel Processing Technology, 87(2), 109-115.

Mani, S., Tabil, L. G., & Sokhansanj, S. (2006). Effects of compressive force, particle
size and moisture content on mechanical properties of biomass pellets from
grasses. Biomass and Bioenergy, 30(7), 648-654.

McKendry, P. (2002). Energy production from biomass (part 1): overview of
biomass. Bioresource technology, 83(1), 37-46.

Medic, D., Darr, M., Shah, A., Potter, B., & Zimmerman, J. (2012). Effects of torrefaction
process parameters on biomass feedstock upgrading. Fuel,91(1), 147-154.

Mohanty, P., Nanda, S., Pant, K. K., Naik, S., Kozinski, J. A., & Dalai, A. K. (2013).
Evaluation of the physiochemical development of biochars obtained from pyrolysis of
wheat straw, timothy grass and pinewood: effects of heating rate. Journal of Analytical
and Applied Pyrolysis, 104, 485-493.

Omar, R., Idris, A., Yunus, R., Khalid, K., & Isma, M. A. (2011). Characterization of
empty fruit bunch for microwave-assisted pyrolysis. Fuel, 90(4), 1536-1544. 1544.

Pandey, A., Negi, S., Binod, P., & Larroche, C. (2015). Pretreatment of biomass (1st ed.,
pp.173-185). Armterdam, Netherlands.

Parikh, J., Channiwala, S. A., & Ghosal, G. K. (2005). A correlation for calculating HHV
from proximate analysis of solid fuels. Fuel, 84(5), 487-494.



o1

Pimchuai, A., Dutta, A., & Basu, P. (2010). Torrefaction of agriculture residue to enhance
combustible propertiest. Energy & Fuels, 24(9), 4638-4645.

Poudel, J.,, Ohm, T. I, & Oh, S. C. (2015). A study on torrefaction of food
waste. Fuel, 140, 275-281.

Prins, M. J., Ptasinski, K. J., & Janssen, F. J. (2006). Torrefaction of wood: Part 1. Weight
loss kinetics. Journal of analytical and applied pyrolysis, 77(1), 28-34.

Rossini, G., Toscano, G., Duca, D., Corinaldesi, F., Pedretti, E. F., & Riva, G. (2013).
Analysis of the characteristics of the tomato manufacturing residues finalized to the
energy recovery. Biomass and Bioenergy, 51, 177-182.

Rousset, P., Fernandes, K., Vale, A., Macedo, L., & Benoist, A. (2013). Change in particle
size distribution of Torrefied biomass during cold fluidization. Energy, 51, 71-77.

Sabil, K. M., Aziz, M. A, Lal, B., & Uemura, Y. (2013). Effects of torrefaction on the
physiochemical properties of oil palm empty fruit bunches, mesocarp fiber and kernel
shell. Biomass and Bioenergy, 56, 351-36.

Saeed, M. O., Hassan, M.N., and Mujeebu, M. A.(2009) Assessment of municipal solid
wastegeneration and recyclacle materials potential inKuala Lumpur, Malaysia. Waste
Management,29, 2209-2213. recovery. Science of theTotal Environment, 408 (19), 3998-
4006.

Singh, Y. D., Mahanta, P., & Bora, U. (2016). Comprehensive characterization of
lignocellulosic biomass through proximate, ultimate and compositional analysis for
bioenergy production. Renewable Energy.

Sulaiman, M. H., Uemura, Y., & Azizan, M. T. (2016). Torrefaction of Empty Fruit
Bunches in Inert Condition at Various Temperature and Time. Procedia
Engineering, 148, 573-579.

Toscano, G., Pizzi, A., Pedretti, E. F., Rossini, G., Ciceri, G., Martignon, G., & Duca, D.
(2015). Torrefaction of tomato industry residues. Fuel, 143, 89-97.
Tumuluru, J. S., Boardman, R., & Wright, C. (2010). 2010 AIChE Annual Meeting.

Tumuluru, J. S. (2015). Comparison of Chemical Composition and Energy Property of
Torrefied Switchgrass and Corn Stover. Frontiers in Energy Research, 3, 46.

Uemura, Y., Omar, W. N., Tsutsui, T., & Yusup, S. B. (2011). Torrefaction of oil palm
wastes. Fuel, 90(8), 2585-2591.



52

Uemura, Y., Omar, W., Othman, N. A., Yusup, S., & Tsutsui, T. (2013). Torrefaction of
oil palm EFB in the presence of oxygen. Fuel, 103, 156-160.

Uemura, Y., Matsumoto, R., Saadon, S., & Matsumura, Y. (2015). A study on torrefaction
of Laminaria japonica. Fuel Processing Technology, 138, 133-138.

Werner, K., Pommer, L., & Brostrdn, M. (2014). Thermal decomposition of
hemicelluloses. Journal of Analytical and Applied Pyrolysis, 110, 130-137.

Yang, Z., Sarkar, M., Kumar, A., Tumuluru, J. S., & Huhnke, R. L. (2014). Effects of
torrefaction and densification on switchgrass pyrolysis products. Bioresource
technology, 174, 266-273.

Zhang, L., Xu, C. C., & Champagne, P. (2010). Overview of recent advances in thermo-
chemical conversion of biomass. Energy Conversion and Management, 51(5), 969-982.



	CHAPTER 1    INTRODUCTION
	1.1 Background of the Study
	1.2 Motivation
	1.3 Problem Statement
	1.4 Objectives
	1.5 Scopes of Study

	CHAPTER 2    LITERATURE REVIEW
	2.1 Overview of Torrefaction
	2.2 Current Research on Torrefaction of Biomass
	2.3 Torrefaction of Food Waste

	CHAPTER 3    METHODOLOGY
	3.1 Preparation of Food Waste Samples
	3.2 Materials
	3.3 Chemicals
	3.4 Experiment Design
	3.5 Analysis for Raw Food Waste and Torrefied Food Waste


	CHAPTER 4    RESULTS AND DISCUSSION
	4.1 Effect of Temperature
	4.1.1 Proximate Analysis (PA)
	4.1.2 Ultimate Analysis (UA)
	4.1.3 Calorific Value (CV)
	4.1.4 Mass Yield
	4.1.5 Higher Heating Value (HHV)

	4.2 Effect of Residence Time
	4.2.1 Proximate Analysis (PA)
	4.2.2 Ultimate Analysis (UA)
	4.2.3 Calorific Value
	4.2.4 Mass Yield
	4.2.5 Higher Heating Value (HHV)

	4.3 Effect of Particle Size
	4.3.1 Proximate Analysis (PA)
	4.3.2 Ultimate Analysis (UA)
	4.3.3 Calorific Value (CV)
	4.3.4 Mass Yield
	4.3.5 Higher Heating Value (HHV)


	CHAPTER 5    CONCLUSION AND RECOMMENDATION
	5.1 Conclusion
	5.2 Recommendation


