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ChE 455
Spring 2013
Major 2

Design of a New Cumene Plant

Background

	The objective is to design and to optimize a plant to produce 125,000 tonne/y of 99 wt% cumene.  The plant is to be a stand-alone, grass-roots unit; however, it is expected to be coupled with a phenol/acetone plant.  This means that excess steam and fuel gas can either be used on-site or off-site.

Design Basis

The economic criteria to be used for the optimization are:

Objective function 			break-even price for cumene
Land cost					zero – the company already owns the land
Life of plant				10 years after start-up
Start-up		 			2 years (60% FCI in year 1 and 40% in year 2)
Depreciation				5 year-MACRS
Internal hurdle rate			9%
Working capital			10% FCI + 4 months of raw material costs
FCI						grass-roots costs
Benzene cost				http://www.icis.com/chemicals/channel-info-chemicals-a-z/
Propylene (commercial grade) cost	http://www.icis.com/chemicals/channel-info-chemicals-a-z/
p-DIPB value				fuel value only
Organics value if used as fuel credit	same price as natural gas on a heating value basis
Stream factor				96%
CEPCI						582

Assignment

	Using the information in this document and the Chemcad simulation provided previously as a starting point, the assignment to develop an optimum design for the cumene plant that conforms to the specifications of producing the required amount of cumene at the required purity.  Both topological and parametric optimizations are expected.  The same kinetics provided in the previous project, which are included in Appendix 1, should be used.  The possibility of adding a second reactor should also be assessed.  In this reactor, the p-DIPB waste is reacted with benzene using a transalkylation reaction to form cumene.  These kinetics are also in Appendix 1.

[bookmark: _GoBack]	Both topological and parametric optimizations are expected.  Potential topological optimizations include separation sequencing, reactor type/configuration, and the inclusion and location of the transalkylation reactor.  Potential parametric optimizations include reactant ratio; reactor temperature, pressure, and conversion; and separation section temperature and pressure.  These lists are not exhaustive, and efficient use of raw materials is always important.

Deliverables

	Specifically, the following is to be completed by 9:00 a.m., Monday, February 25, 2013:

1. Submit a written report, conforming to the guidelines, containing:

a. a PFD of the optimized process, with all major process streams, major equipment, regulatory control, equipment names, and equipment numbers provided.  

b. a stream table of all the major process streams with the numbers corresponding exactly to the Chemcad simulation.

c. a table listing utility consumptions for each piece of equipment and the overall cost of utilities

d. a table listing the sizes, duties, capacities, and other details of each piece of equipment

e. a table listing the bare-module costs (CBM) of each piece of equipment, the total bare-module cost, and the total grass-roots cost.  

f. a profitability analysis, with figures and tables, as appropriate.

g. an appendix, containing a legible, organized set of calculations justifying your recommendations, including any assumptions made.  

h. a separate appendix containing a fully converged Chemcad simulation that contains equipment connectivity, all the unit operations information, and all stream compositions (mass and moles), but NOT STREAM PROPERTIES. A legible Chemcad flowsheet should also be included.  Additional Chemcad output that is relevant to the discussion included in the report should be provided.  The calculations in the appendix should be easy to follow.  Missing items will not be requested; missing items will result in deductions.

2. Include a signed copy of the attached confidentiality statement.  The confidentiality statement should be the very last page of the report.

Report Format

	This report should be brief and should conform to the guidelines, which are available at the end of the following web page: http://www.che.cemr.wvu.edu/publications/projects/index.php.  It should be bound in a three-ring binder/folder that is not oversized relative to the number of pages in the report.  Figures and tables should be included as appropriate.  

	The written report is a very important part of the assignment.  Reports that do not conform to the guidelines will receive severe deductions and will have to be rewritten to receive credit.  Poorly written and/or organized written reports may also require re-writing.  Be sure to follow the format outlined in the guidelines for written reports. 

Oral Presentation

	You will be expected to present and defend your results sometime between February 25, 2013 and March 5, 2013.  The presentation should be 15-20 minutes, followed by about a 30-minute question and answer period.  Make certain that you prepare for this presentation since it is an important part of your assignment.  You should bring at least two hard copies of your slides to the presentation and hand them out before beginning the presentation.

Other Rules

	You may not discuss this major with anyone other than the instructors and your partner.  Discussion, collaboration, or any interaction with anyone other than the instructor or your partner is prohibited.  This means that any cross talk among students about anything relating to this assignment, no matter how insignificant it may seem to you, is a violation of the rules and is considered academic dishonesty.  Violators will be subject to the penalties and procedures outlined in the University Procedures for Handling Academic Dishonesty Cases at http://catalog.wvu.edu/undergraduate/coursecreditstermsclassification/#Integrity_and_Dishonesty or follow the link 
http://docs.facultysenate.wvu.edu/08Files/AcademicDishonestyFlowChart.pdf).

	Consulting is available from the instructors.  Chemcad consulting, i.e., questions on how to use Chemcad, not how to interpret results, is unlimited and free, but only from the instructors.  Each team may receive five free minutes of consulting from the instructors.  After five minutes of consulting, the rate is 2.5 points deducted for 15 minutes or any fraction of 15 minutes, on a cumulative basis.  The initial 15-minute period includes the 5 minutes of free consulting.

Late Reports

	Late reports are unacceptable.  The following severe penalties will apply:

	late report on due date before noon:  one letter grade (10 points)

	late report after noon on due date:  two letter grades (20 points)

	late report one day late:  three letter grades (30 points)

	each additional day late:  10 additional points per day

Appendix 1
Reaction Kinetics and Equilibrium

Reaction Kinetics

	The kinetics for the primary reactions are:


		(A1-1)


		(A1-2)


		(A1-3)


		(A1-4)

where the activation energy unit is kcal/mol, the concentration unit is mol/L, the temperature unit is Kelvin, and the reaction rate unit is mole/(L reactor s).  The catalyst diameter is 3 mm with a void fraction of 0.4 and a bulk density of 800 kg/m3.

	The kinetics for the transalkylation reaction are1:


		(A1-5)


		(A1-6)

where the activation energy unit is kJ/kmol, the partial pressure unit is Pa, the temperature unit is Kelvin, and the reaction rate unit is kmol/(m3 reactor h).  The catalyst diameter is 2 mm with a void fraction of 0.4 and a bulk density of 800 kg/m3.



Appendix 2
Capital Cost Information not Provided in Capcost

	If refrigeration to a temperature below refrigerated water is needed, in addition to the utility cost of refrigeration, which is a utility option in Capcost, there is a capital cost of a stand-alone refrigeration unit.  The cost is


		
		TR = tons of refrigeration (tons of refrigeration, 3, 400)

where the numbers in parenthesis are (attribute unit, minimum value, maximum value).  Just like in Capcost, a unit less than the minimum should be priced at the minimum value, and a unit greater than the maximum should be priced as multiple, equal-sized units.

	For reactors, an adiabatic reactor is considered to be a vessel.  A shell-and-tube reactor is considered to be a vessel with three times the required reactor volume plus twice the cost of a heat exchanger with the required heat transfer area.
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