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Syllabus – Advanced Environmental Biotechnology – CEE 565 – Fall 2014

Instructor:
Bruce Rittmann, Ph.D.




BDIA 210B







(480) 727-0434








Rittmann@asu.edu






Office Hours:
By Appointment.  Please contact Dr. Rittmann (Rittmann@asu.edu) or Carole Flores (Carole.Flores@asu.edu) by e-mail to arrange an appointment.  

Course Times: 
Tuesday & Thursday, 7:30 – 8:45 AM, in ECG-215.
Course Content:  This course builds upon previous courses you have taken:  e.g., CEE 562 and 567 (or equivalents).  You will expand the scope of your knowledge about environmental-biotechnology, address emerging topics, and enhance your problem-solving skills.  At the end of the course, you will be well prepared to carry out leading-edge research or practice in environmental biotechnology.
The course objectives are: 

1) You will understand and be able to apply advanced concepts from microbial ecology, biochemistry, modeling, and technology.

2) You will increase your problem-solving skills using various forms of quantitative modeling; this may include developing your own spreadsheet algorithms.

3) You will be able to understand and critically evaluate papers from journals relevant to environmental biotechnology.

4) You will work in teams and communicate (written and oral) information that applies knowledge gained in this course.

5) You will be more prepared to carry out advanced research and practice in environmental biotechnology.

Reading Assignments:  One textbook is required for this course:  B. E. Rittmann and P. L. McCarty (2001).  Environmental Biotechnology:  Principles and Applications, McGraw-Hill Book Co., New York.  You should have this textbook from a previous class.  I will provide papers and other materials to supplement what is in the textbook.  You will read papers from relevant journals, which include (but are not limited to):  Applied and Environmental Microbiology, Biodegradation, Environmental Science & Technology, Water Research, Water Science & Technology, Biotechnology and Bioengineering, Water Environment Research, J. Environmental Engineering, Microbial Ecology, and Applied Biochemistry and Biotechnology.  
Reading assignments from the textbook and papers are assigned for each section.  You are responsible for reading this material BEFORE class on the specified section.  Everyone is responsible for contributing to the discussion; so, be prepared with questions and answers.  You are wise to review this material again after the class.
The following list provides other valuable written resources for this class and your career:

Fundamental references on writing:  Strunk, W., Jr. and E.B. White, The Elements of Style, Latest edition, MacMillan Publishing Co., Inc., New York; Glasman-Deal, H., Science Research Writing, Imperial College Press, 2010.
Fundamental laboratory analysis reference for environmental engineers:  Standard Methods for the Examination of Water and Wastewater. 20th ed, 1998.  American Public Health Association, Washington, D.C.

Fundamental reference for wastewater treatment:  Metcalf and Eddy, Inc. (2002).  Wastewater Engineering: Treatment, Disposal, and Reuse. McGraw-Hill, New York. 
Evaluation.  Grades will be assigned based on periodic homework assignments, participation in the class sessions (including being prepared for the class and actively participating), and a term project.  Scores will be weighted to compute final grades as listed here:




25% Homework





25% Class participation





50% Term project
Homework Assignments.  Homework assignments are due during the semester as noted for each assignment.  I would like your homework solutions to follow a specific format.
1. Briefly state the objective of the problem in your own words.  For example, “The objective of problem #2 is to determine the total mass (in kg) of carbon dioxide emitted from my Hummer during my 19-mile commute to school each day and over the time I am a student.”

2. Identify the physical setting of the problem using a well-labeled figure of the system or a brief statement of the physical setting:  list important parameters, dimensions, constants, etc.

3. Solve the problem showing all assumptions and without skipping any steps.  Make sure that all parameters have clearly indicated and correct units.  Report a reasonable number of significant places.  Include a brief running summary so that I can follow exactly what you have done.  

4. BOX all Answers, and call attention to important intermediate results.

5. Discuss briefly (one complete sentence should suffice) the significance of the results.  For example, “My carbon dioxide emissions from driving my Hummer over my time as a student is approximately equal to flying one Boeing 777 from PHX to DCA.”
I encourage you to work together on homework.  You must, however, come up with you own solution to the problems. Turning in an exact copy of your classmate’s homework is not acceptable.  See the section below on Academic Integrity.
Term Projects.  In the first two weeks of the term, we will organize into teams of three.  We also will choose a topic for each team at that time.  I provide a list of potential topics at the beginning of the term, and teams may also suggest other topics, subject to my approval.  Each team will have a unique topic.  I will provide a schedule with completion milestones to be met by each team during the term.  During the last week of the term and into Final Exam week, each team will submit a written report to me and make an oral presentation to the entire class.  I will evaluate each team’s work according to the technical quality of its final product, the quality of the written work against the standard of being suitable for publication in a top-rank journal, and the quality of the oral presentation against the standard of being suitable for presentation at a top-rank technical conference.  The quality of the report and oral presentation includes the effectiveness of the communication.

Disability Accommodations.  Suitable accommodations will be made for students having disabilities, and a student should notify me as early as possible if he/she requires an accommodation.  Such student must be registered with the Disability Resource Center and provide documentation to that effect.

Diversity.  Engineers are expected to treat others fairly, with respect and courtesy, regardless of such factors as race, religion, sexual orientation, gender, disability, age, or national origin.  In this class, you are expected to contribute to the overall campus climate such that others feel welcome, are respected, and are able to develop to their full potential.  This will allow each person to contribute to the success of the class as a whole.  ASU, the Fulton Schools of Engineering, and I are committed to maintaining a productive, enjoyable, and diverse campus environment.

Thinking critically and independently.  It is my sincere hope that as a graduate of ASU, you will be a thoughtful citizen, as well as a fundamentally sound engineer.  Many aspects of environmental engineering extend beyond traditional engineering and science fundamentals.  As someone knowledgeable about the environment, you are empowered in a special way to serve human society and your fellow citizens of the world.

Academic integrity.  All students in this class are subject to ASUs Academic Integrity Policy (available at http://provost.asu.edu/academicintegrity) and should acquaint themselves with its content and requirements, including its strict prohibition of plagiarism.  By registration in this class, you are assumed to have read, understood, and agreed to this policy.  All violations will be reported to the Dean’s Office, which maintains records of all offenses.  

Members of the academic community adhere to principles of academic integrity.  You should (1) understand or seek clarification about expectations for academic integrity, including no cheating, plagiarism, and inappropriate collaboration; (2) neither give nor receive unauthorized aid on examinations or other course work that is used as a basis for grading; and (3) take responsibility to monitor academic dishonesty in any form and to report it to the instructor or other appropriate official for action.

Cheating is the actual or attempted practice of fraudulent or deceptive acts for the purpose of improving one’s grade or obtaining course credit.  Such action includes assisting another student in doing so.   

Plagiarism is a specific for of cheating that consists of misuse of the published and/or unpublished works of others by misrepresenting the material as one’s own work.  

I am intolerant of dishonesty.  If a student is caught cheating, I will gladly punish him/her to the fullest extent in accordance with the university academic policy:  http://www.asu.edu/studentlife/judicial/integrity.html.  Penalties for cheating and plagiarism range from a 0 or F on a particular assignment, to an F for the course, to expulsion from the university.
	CEE 565 – Advanced Environmental Biotechnology - Fall 2016 Course Schedule

	Dates 
	Subject
	Readings by chapter and pages in R&M (2001); Supplemental Readings by Item Number (next page)

	Aug. 18, 23
	Concepts and Tools of Microbial Ecology

    Structure and Function
	Chpt. 1, pp. 80-99
Item 1

	Aug. 25, Sept. 6
	Concepts and Tools of Microbial Ecology
    Diversity, Redundancy, Exchange, and Adaptation
	Chpt. 1, pp 100-110

Items 2 and 3 

	Sept. 8, 13
	Concepts and Tools of Microbial Ecology
    More on DREA; Genetic Targets
	Chpt. 1, pp. 110-119 

Items 1, 2, and 3

	Sept. 15, 20
	Concepts and Tools of Microbial Ecology
    Molecular Tools
	Items 3 and 4

	Sept. 22, 27
	Basic One-Species Modeling

    Substrates, Biomass, Acceptors, Nutrients
	Chpt. 3, pp. 165-188


	Sept. 29, Oct. 4
	One-Species Biofilm Modeling
    Gradients; Steady State vs Nonsteady State
	Chapter 4, pp. 207-233 and 239-247; Item 5

	Oct. 6, 13
	Advanced One-Species Modeling
    EPS, SMP, Storage Products
	 Items 6 and 7

	Oct. 18, 25
	Multi-Species Modeling
    Autotrophs, Predators
	Items 7 and 8 

	Oct. 27, Nov. 1
	Microbial Electrochemical Cells
    Platform, Reactions, Energetics, Outputs
	Items 1, 9, 10, 11
 

	Nov. 3, 8
	Microbial Electrochemical Cells
    Anode Ecology, Cathode Biosynthesis
	Items 12, 13, 14, 11

	Nov. 10, 15
	Microbial Electrochemical Cells
    Transport Phenomena
	Items 15, 16, 17, 18

	Nov. 17, 22
	Granule-based Processes
    Principles, Anaerobic/UASB
	Items 19, 20, 21 

	Nov. 29, Dec 1
	Aerobic Granules
    UASB, Aerobic/Nereda®
	Items 21, 22, 23, 24  

	Dec. 1
	Turn in final project reports
	--

	Final Exam Time – Dec. 6 
	Project Presentations – Assigned time is 7:30 – 9:20 on Tuesday, December 6.
	--

	


Supplementary Reading Items:

1. Rittmann, B. E. (2006) Microbial ecology to manage processes in environmental biotechnology.  Trends in Biotechnology April 28, 2006, pp 261-268.

2. Rittmann, B. E., R. Krajmalnik-Brown, and R. U. Halden (2008).  Pre-genomic, genomic, and post-genomic study of microbial communities involved in bioenergy.  Nature Reviews Microbiology, 6: 604-612.

3. Shorkralla, S., J. L. Spall, J. F. Gibson, and M. Hajibabaei (2012).  Next-generation sequencing technologies for environmental DNA research.  Molecular Ecology 21:  1794-1805.
4. Cabezas, A., J. Calabria de Araujo, C. Callejas, A. Galas, J. Hamelin, A. Marone, D. Z. Sousa, E. Trably, and C. Etchebehere (2015). How to use molecular biology tools for the study of the anaerobic digestion process.  Rev. Environ. Sci. Biotechnol. 14:  555-593.
5. Wanner, O., H. Eberl, E. Morgenroth, D. Noguera C. Picioreanu, B. E. Rittmann, and M. C. M. van Loosdrecht (2006).  Mathematical Modeling of Biofilms.  Report of the IWA Biofilm Modeling Task Group, Scientific and Technical Report No. 18, IWA Publishing, London:  pages 11 – 52 and 162 – 174.
6. Laspidou, C. S. and B. E. Rittmann (2002).  A unified theory for extracellular polymeric substances, soluble microbial products, and active and inert biomass.  Water Research 36:  2711-2720. And Laspidou, C. S. and B. E. Rittmann (2002).  Non-steady state modeling of microbial products and active and inert biomass.  Water Research 36:  1983-1992.

7. Ni, B.-J., F. Fang, H.-Q. Yu, and B. E. Rittmann (2009).  Modeling microbial products in activated sludge under feast-famine conditions.  Environ. Sci. Technol. 43:  2489-2497. And Ni, B.-J., B. E. Rittmann, and H.-Q. Yu (2010).  Modeling predation processes in activated sludge.  Biotechnol. Bioengr. 105:  1021-1030.
8. de Silva, D. G. V. and B. E. Rittmann (2000).  Nonsteady-state modeling of multispecies activated-sludge processes.  Water Environment Research 72:  554-565; And de Silva, D. G. V. and B. E. Rittmann (2000).  Interpreting the response to loading changes in a mixed-culture completely stirred tank reactor.  Water Environment Research 72:  554 – 565.
9. Rabaey, K. and W. Verstraete (2005).  Microbial fuel cells:  novel biotechnology for energy generation.  Curr. Trends Biotechnol. 23: 291-298.
10. Wang, H. and Z. J. Ren (2013).  A comprehensive review of microbial electrochemical systems as a platform technology.  Biotechnology Advances 31:  1796-1807.

11. Logan, B. E. and K. Rabaey (2013).  Conversion of wastes into bioelectricity and chemicals by using microbial electrochemical technologies.  Science 337:  686-690.
12. Torres, C. I., R. Krajmalnik-Brown, P. Parameswaran, A. K. Marcus, G. Wanger, Y. Gorby, and B. E. Rittmann (2009).  Selecting anode-respiring bacteria based on anode potential:  phylogenetic, electrochemical and microscopic characterization.  Environ. Sci. Technol. 43:  9519-9524.
13. Parameswaran, P., C.I. Torres, H.-S. Lee, R. Krajmalnik-Brown, and B.E. Rittmann (2009). Syntrophic interactions among anode-respiring bacteria (ARB) and non-ARB in biofilm anode: electron balances. Biotechnology & Bioengineering 103(3): 513-523.
14. Parameswaren, P., H. Zhang, C. I. Torres, B. E. Rittmann, and R. Krajmalnik-Brown (2010).  Microbial community structure in a biofilm anode fed with a fermentable substrate:  the significance of hydrogen scavengers.  Biotechnology & Bioengineering 105:  69-78.
15. Torres, C. I., Andrew K. Marcus, H.-S. Lee, P. Parameswaran, R. Krajmalnik-Brown, and B. E. Rittmann (2010).  A kinetic perspective on extracellular electron transfer by anode-respiring bacteria.  FEMS Microb. Rev. 34:  3 – 17.

16. Torres, C. I., A. K. Marcus, P. Parameswaran, and B. E. Rittmann (2008).  Kinetic experiments for evaluating the Nernst-Monod model for anode-respiring bacteria (ARB) in a biofilm anode.  Environ. Sci. Technol. 42:  6593-6597.
17. Torres, C. I., A. K. Marcus, and B. E. Rittmann (2008).  Proton transport inside the biofilm limits electrical current generation by anode-respiring bacteria.  Biotechnology and Bioengineering 100:  872-881.

18. Popat, S. C. and C. I. Torres (2016).  Critical transport rates that limit the performance of microbial electrochemistry technologies.  Bioresource Technology, in press.
19. Liu, Y. and J.-H. Tay (2004).  State of the art of biogranulation technology for wastewater treatment.  Biotechnology Advances 22:  533-563.

20. Anaerobic Bio-reactor – UASB.  Industrial Technology Research Institute.

21. Hulshoff Pol, L. W., S. I. Castro Lopes, G. Lettinga, and P. N. L. Lens (2004).   Anaerobic sludge granulation.  Water Research 38:  1376-1389.

22. Aerobic Granular Sludge Technology.  Delft University of Technology.

23. The Nereda® Process – Hach

24. de Kreuk, M. K., J. J. Heijnen, and M. C. M. van Loosdrecht (2005).  Simultaneous COD, nitrogen, and phosphate removal by aerobic granular sludge.  Biotechnology & Bioengineering 90:  761-769.
Term Projects
In lieu of doing a final examination, student teams will complete a term project that creatively applies the concepts and techniques studied in CEE 565 and other relevant courses.  The project will culminate with a written paper and an oral presentation.  Each group will make an oral presentation to the entire class (and usually interested others) at the final-exam time (or possibly an alternative time).

The final paper should be approximately 15 pages in length (at 1.5 spacing, 12-point font).  Additional pages are allowed for appendices that contain detailed computations, drawings, outputs, or exhibits.  However, the main text should tell the “complete story” without relying on appendices to present essential information.  The paper should be well written in terms of format, usage, grammar, spelling, and syntax.  I do not want to feel that I need to copy edit the report as I read it!  Also, the paper should be written in a manner that engages the reader’s interest.  I do not have trouble sleeping and do not need to use your report as a sedative.

The final paper should include the following sections:  

Introduction – Lays out why the topic is interesting and significant, and provided essential background information
Objectives – Clearly and succinctly tells what the report delivers.

Methods – Describes what the team did to obtain its results and interpretations.

Results and Discussion – Presents and interprets the results in light of past work, concepts learned in CEE 565, and the objectives.  (It is acceptable to have separate sections for Result and Discussion, but I generally find that the text is more interesting and effective when they are combined.)

Conclusions – Succinctly states the “take home lessons.”

The oral presentation will have a duration of approximately 30 minutes.  This should include about 20 minutes for a presentation that highlights what is in the written report and then about 10 minutes for questions and discussion.  I anticipate that each team will do a PowerPoint presentation.  It is not necessary that each team member be a presenter, although you are free to do it that way.  I want to see a well organized, clear, and enthusiastic presentation – one that leads to excited questions from the audience at the end.  Practice your talk with the slides beforehand!

I provide a list of feasible topics.  We will form the student teams in the first week of class, and each team will select a unique topic from my list or your own idea, subject to my approval for technical feasibility.  

In order that each team maintain good direction and produce a substantive and well-written report, the teams will meet the milestones shown in the following table.  The goal of the milestones approach is to allow me to give you constructive feedback on all aspects of the project and report when you can use it to improve the quality of your work.  I want this project to improve your technical and communications skills.  I also want to learn new and interesting things from each team.  So, please set high expectations for yourselves and meet all the milestones.

	Milestones
	Achieved By

	Form teams and receive list of feasible topics
	August 18

	Each team selects a feasible and unique topic
	August 25

	Submit Work Plan outline:  e.g., perform literature review, set objectives, do preliminary computations, get feedback, do final computation, do first draft of R&D, get more feedback, do final report)
	September 8

	Submit first draft of Introduction and Objective; meet with BER (all together)
	September 27

	Submit outline of Results and Discussion section
	October 13

	Meet with BER in teams
	~ October 19

	Submit draft of Results and Discussion
	November 1

	Meet with BER in teams
	~ November 3

	Submit written final report
	December 1

	Oral Presentation
	December 6 


