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	3

	Course Description
	The knowledge involved in this course includes biological conversion technology that can be used in bioenergy production. This course is aimed for the deep understanding of the biological knowledge and its application to biomass conversion. The course is focused on upstream operations in biomass conversion processes and is targeted to graduate level students with an interest in renewable resources, bioenergy and biofuels. The main lecture includes several sections as composition and properties of biomass, pretreatment and conversion technology. This course will introduce fundamental principles and practical applications of biomass-to-renewable energy processes, including anaerobic digestion of agricultural wastes for biogas and hydrogen production, bioethanol production from starch and lignocellulosic materials, biodiesel production from plant oils, biobutanol production, and thermoconversionof biomass and waste materials for renewable energy production.

	Expected Outcomes
	This course is designed to provide a thorough understanding of basic principles and systems of biomass energy conversion technology and utilization. After completing this course students will be able to:

· Identify potential biomass feedstocks including energy crops
· Become proficient in estimation of the performance and preliminary design of various energy conversion systems.  

· Provide a thorough understanding of the broad concept of second and third generation biofuel production from biomass and other agri-residues and biowastes.
· Determine potential solutions for energy needs and problems.

	Text Book

Reference books
	· Cheng, J.J. (Ed.) (2010). “Biomass to Renewable Energy Processes”, CRC Press/Taylor & Francis Group, Boca Raton, Florida, USA.
· Dahlquist, E. (Ed.) (2013). “Technologies for Converting Biomass to Useful Energy”, CRC Press/Taylor & Francis Group, Boca Raton, Florida, USA.

· Hornung, A. (Ed.) (2014). “Transformation of Biomass”, John Wiley & Sons, Ltd. UK.
· Langeveld, J.W.A., Dixon, J. and Keulen, H. van, (Eds.) (2014). “Biofuel Cropping Systems; Carbon, Land and Food”,  EarthScan, London.
· Loo, S.V. and Koppejan, J. (Eds.) (2008). “The Handbook of Biomass combustion & Co-firing”, EarthScan, London.
· Rosillo-Calle, F., Groot, P.de, Hemstock, S.L. and Woods, J. (Eds.) (2007). “The Biomass Assessment Handbook; Bioenergy for a Sustainable Environment”, EarthScan, London.

	Grading Policy
	· Quizzes                                          10% 
· Assignments:                                 5% 

· Case study                                     5%

· Presentation                                   5%
	· Midterm:                                           25%    

· Final Exam:                                      50%
· Students with less than 80% attendance will be awarded SA grade
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Lecture Plan
	Week/Lecture
	TOPICS

	1
	Biomass chemistry: Sugars, Starch, Cellulose, Hemicellulose

	2
	Biomass chemistry: Lignin, Pectin, Vegetable oil

	3
	Biomass resources: Sugar and Starch Energy crops, Agricultural residues.

	4
	Biomass resources: Herbaceous biomass, Woody biomass, Oilseeds

	5
	Kinetics and microbiology of biological processes: Kinetics of Enzymatic Reactions, Inhibition Models

	6
	Kinetics and microbiology of biological processes: Microorganisms and Phases of Microbial Growth. 

	7
	Anaerobic digestion for biogas production: Psychrophilic, Mesophilic and Thermophilic Anaerobic process for biogas production. 

	8
	Anaerobic digestion for biogas production: Anaerobic Digesters

	9
	MID TERM

	10
	Anaerobic digestion for biogas production: Anaerobic process for hydrogen production

	11
	Biological Processes for Ethanol Production: Sacccharification, Fermentation, Purification

	12
	Biological Processes for Butanol Production: Microbial Cultures, Fermentation, Recovery. 

	13
	Chemical Conversion Process for Biodiesel Production: Feedstocks, processes, Esterification and Transesterification

	14
	Chemical Conversion Process for Biodiesel Production: Unit Operation Processes, Economic Analysis

	15
	Thermochemical conversion of Biomass to Power and Fuel: Combustion, Gasification,

	16
	Thermochemical conversion of Biomass to Power and Fuel: Pyrolysis


