COURSE TITLE : Biomass energy technology (Part II)
Lecturer(s) :
- Prof. Cristobal CORTES, 
- Prof. Inmaculada ARAUZO
Duration: 2 weeks
Introduction to the Course:
The course focuses on energy uses of biomass different from combustion (studied in part I)

· Anaerobic digestión of wet waste biomass

· Biomass gasification and pyrolysis

· Description and basic calculation of biomass gasifyers. 

Course Aims: The aims of this Course are to:

· Study wet waste biomass as an energy source.

· Review technologies for wet waste biomass energy use.

· 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: Plant feasibility studies. Simulation techniques of energy plants. Basic design calculations of gasifyers
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:

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

· H Jameel, DR Keshwani, SF Carter, TH Treasure. Thermochemical conversion of biomass to power and fuels, in J Cheng (Ed). Biomass to renewable energy processes, Ch 10, CRC Press (2010)

· P Basu. Biomass gasification and pyrolysis. Practical design. Academic Press (2010)

· C Higman, M van der Burgt. Gasification. Second edition. Gulf Professional Publishing: Elsevier (2008)

· LD Smoot, PJ Smith. Coal combustion and gasification. Plenum Press (1985)

· A Nag (Ed). Biofuels refining and performance. McGraw‐Hill (2008).
· Dieter Deublein and Angelika Steinhauser  (Eds). Biogas from Waste and Renewable Resources. An Introduction- 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim, ISBN 978-3-527-31841-4.

· Jay Cheng (ed.). Biomass to renewable energy processes. CRC Press, Taylor & Francis group, 2010. ISBN 978-1-4200-9517-3

· Wastewater Engineering: Treatment and Reuse. Metcalf and Eddy Inc.  George Tchobanoglous, Franklin L. Burton, H. David Stensel. Mc Graw Hill, 2002, 4th edition.

· Teodorita Al Seadi, Dominik Rutz, Heinz Prassl, Michael Köttner, Tobias Finsterwalder, Silke Volk, Rainer Janssen. Biogas handbook.. Published by University of Southern Denmark Esbjerg, Niels Bohrs Vej 9-10, DK-6700 Esbjerg, Denmark,. http://www.sdu.dk
Teaching Methods
• 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.

• Students will be instructed to work out the exercises with spreadsheet software (MS Excel) and the code Engineering Equation Solver (EES). An academic version of EES, valid until September 2011 will be made available through the University of Zaragoza.

Lectures

1
Sources of wet waste biomass. (3h)

2
Biogas production and use (4.5 h) 

3
Digester sizing and plant feasibility (1.5 h)

4
Introdution to biomass gasification and pyrolysis (1.5 h)

5
Biomass pyrolysis and bio-oil production (2 h)

6
Description and design of gasifyers (5.5 h)

7
Gasification theory and models (3.5 h)

8
Liquid biofuels (1.5h)

Exercises
1
Calculation and feasibility study or a biogas system (5h)

2 
balances and equilibrium model of biomass gasification (6h)

3
Miniproject woking in groups : pre-design and feasibility study of a biomass plant (9h)

Assessment
· Two open book examination.

· 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.

· Oral presentation and sort report of miniproject.

