COURSE TITLE : Biomass energy technology (Part I)
Lecturer(s) : 
- Prof. Cristobal CORTES, 
- Prof. Inmaculada ARAUZO
Duration: 2 weeks
Introduction to the Course:
This course expands the subjects covered in the introductory course, in particular:

· Handling and drying equipment.

· Advanced aspects and simulation of biomass plants

· Combustion and chemical reaction theory

· Description and basic calculation of grate and fluidized bed boilers. 
Course Aims: The aims of this Course are to:

· Give the theoretical basis of thermochemical conversion of biomass to energy .

· Introduce advanced aspects of equipment conception and performance.

· Introduce basic design calculations of biomass energy equipment.
Learning Outcomes
By the end of this Course students should have gained:

· Knowledge and Understanding: Biomass energy technology at an advanced level

· Intellectual Skills: Calculation techniques, see below.. Deep understanding of equipment conception and performance.

· Professional Practice Skills: Simulation techniques of energy plants. Basic design calculations of boilers.
Course Book: 
Unfortunately, there is not a single book covering the subject of biomass energy. The following are useful references, encompassing basic books and also review papers of interest:

· S. R. Turns, 2000. An Introduction to Combustion. Concepts and Applications. Second Edition. McGraw-Hill.

· J. Warnatz, U. Maas, R. W. Dibble, 1996. Combustion. Physical and Chemical Fundamentals, Modeling and Simulation, Experiments, Pollutant Formation. Springer Verlag.

· S. Kakaç (Ed.), 1991. Boilers, Evaporators, and Condensers. John Wiley & Sons.

· P. Basu, C. Kefa, L. Jestin, 2000. Boilers and burners. Design and Theory. Sprringe

· LL Baxter. Biomass-coal co-combustion: opportunity for affordable renewable energy. Fuel 84 (2005) 1295-1302.

· G. Boyle (Ed.) Renewable energy: Power for a sustainable future. Second edition. Oxford University Press 2003, Ch. 4 Bioenergy.

· A Demirbas. Progress and recent trends in biofuels. Progress in Energy and Combustion Science 33, Issue (2007) 1-18.

· German Solar Energy Society. Planning and installing bioenergy systems. A guide for installers, architects and engineers James & James 2005.

· EE Hood, P Nelson, R Powel. Plant biomass conversion. Wiley 2011.

· BM Jenkins, LL Baxter, TR Miles Jr, TR Miles. Combustion properties of biomass. Fuel Processing Technology 54 (1998) 17-46.

· S van Loo, J Koppejan. The handbook of biomass combustion and co-firing. Earthscan 2008.

· MZ Lowenstein (Ed). Energy applications of biomass. Elsevier 2005.

· TF McGowan, ML Brown, WS Bulpitt, JL Walsh Jr (Eds). Biomass and alternate fuel systems. An engineering and economic guide. Wiley 2009

· LK Wang, NK Shammas, YT Hung (Eds). Biosolids treatment processes. (Hand-book of environmental engineering. Vol 6.) Humana Press 2007.

· A Williams, M Pourkashanian, JM Jones. Combustion of pulverised coal and bio-mass. Progress in Energy and Combustion Science 27 (2001) 587-610.

· Ch Yin, LA Rosendahl, SK Kær. Grate-firing of biomass for heat and power production. Progress in Energy and Combustion Science 34 (2008) 725-754.
Teaching Methods
• Lessons will be taught by Oral presentations of concepts/description of technologies /theory of practical exercises. Overheads of presentations (MS PowerPoint files in .pdf format) will be always given in advance. Theoretical contents will be supported with examples and short exercises

in the blackboard.
• Students will be instructed to work out the practical exercises with the code Engineering

Equation Solver (EES). An academic version of EES, valid until 1st of September 2013 will be

made available through the University of Zaragoza.
Lectures

Lesson 1   Biomass handling and pre-treatment equipment (3 h)

Lesson 2   Description of stokers and fluidized bed boilers (3 h)

Exercise 2  Boiler thermal calculations: energy and mass balances, furnace, economizer and

superheater design (6 h)

Lesson 3   Advanced aspects of steam power plants (1.5 h)

Exercise 3  Condenser and cooling tower calculations (3 h)

Lesson 4   Introduction to thermochemistry and combustion theory (9 h)
Exercises
Exercise 1    Mass and energy balances of a biomass rotary dryer (1.5 h)

Exercise 2.0  Thermal calculation of boiler furnaces and tube bundles: review of boiler energy

and mass balances (3 h)

Exercise 2.1   Thermal calculation of boiler furnaces and tube bundles: furnace design (3 h)

Exercise 2.2   Thermal calculation of boiler furnaces and tube bundles: economizer design (4.5

h)

Exercise 2.3  Thermal calculation of boiler furnaces and tube bundles: superheater design (3 h)

Exercise 3.A  Balances and simulation of power plants. Steam Rankine cycles. Condenser

design and coupling of cooling cycle and rankine cycle. (4.5 h)
Exercise 3.B  Balances and simulation of power plants. Cooling towers (4.5 h)
Teaching Schedule:

The minimum teaching hour is 16H in each week
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Course distribution by teaching method
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Assessment
· Short auto-evaluation quizzes will be used to test knowledge acquired at the end of each presentation.

· Students will be required to work out each practical exercise by writing their own programs in Excel and EES. They will be asked to write and submit a brief report containing the results of these calculations and conclusions derived thereof.

Examination
Multiple-choice and short answer questions exam at the end or the course.
Grading System
	Grade
	Percentage
	
	

	A
	100-90
	Excellent
	Outstanding performance

	B
	89-80
	Good
	Performance is considerably above average

	C
	79-70
	Satisfactory
	Average performance

	D
	69-60
	Sufficient
	Despite deficiencies performance meets the requirements

	F
	Below 60
	Insufficient
	Due to considerable deficiencies performance does not meet the requirements

	Table 1 Grading System


