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If there are any questions about the design 

problem, Student Chapter Advisors and Design 

Assignment Instructors are directed to contact: 

Tiffany Rau, Design Competition Chair, 

tiffanyrau@aol.com  

Sarah Ewing, Student Program Lead, 

sarae@aiche.org 

 

Please read the rules before, during and after preparing 

and submitting the solution to AIChE. 
 

 

NOTE: THE PAGE LIMIT FOR THE REPORT IS 125 NUMBERED PAGES! 

 

 

 

 

 

 

 

 

mailto:tiffanyrau@aol.com
mailto:sarae@aiche.org
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AIChE 2018 Student Design 
Competition 

 
“Dimethyl Ether For Transportation” 

 
DEADLINE FOR ELECTRONIC SUBMISSION TO AIChE IS MIDNIGHT, 

Friday, June 15, 2018. 
 

May 2017 

 

Dear Chemical Engineering Department Heads and Student Chapter Advisors,  

 

I am pleased to send you the 2018 AIChE Student Design Competition statement. Please forward it 

to those faculty teaching design courses. I’ve included this year’s challenge below: 

  

“Manufacture of Dimethyl Ether For Transportation” 

 

As always, the names of the sponsoring organization and the authors are being withheld to ensure 

confidentiality. Both will be announced after the deadline- Friday, June 15, 2018.  

 

– it’s attached to this email. Please submit one form 

for each participant, along with the completed solution.  

 

We welcome participation by individuals and teams of up to four students. Please indicate the names 

of all team members on each entry form, and be advised that each team member is required to submit 

a separate entry form.  

 

- Because the Student Design Competition is a benefit of 

AIChE student membership, entrants must be AIChE active student members. Any non-member 

submissions will not be considered. Students can join at http://www.aiche.org/students/.   

 

Final submission of solutions to AIChE must be in electronic format (PDF and MS-Word). The 

main text must be 125 pages or less, and an additional 100 page or less is allowed for supplementary 

material only. The final submission to AIChE must consist of 2 electronic files. 

 

Student Chapter Advisors are asked to select the best solution or solutions, not to exceed two from 

each category (individual and team). 

 

 

 

 

http://www.aiche.org/students/
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Please use the directions below and maintain a copy for your files.  

 Complete this online form if it’s a team submission: 

https://chenected.wufoo.com/forms/q1oiacat19hez3e/  
 Complete this online form if it’s an individual submission:  

https://chenected.wufoo.com/forms/q145pz7j0swhz3v/  

 

Please take time to review the rules, found on the following pages. It is important that all solutions 

strictly adhere to the Final Report Format. 

 

If I can be of assistance, please contact me via email at sarae@aiche.org.  

 

Thank you for your support of this important student competition. 

 

Sincerely, 

 

 

 
Sarah Ewing 

AIChE Student Programs  

(646) 495-1364 

sarae@aiche.org 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://chenected.wufoo.com/forms/q1oiacat19hez3e/
https://chenected.wufoo.com/forms/q145pz7j0swhz3v/
mailto:sarae@aiche.org
mailto:allic@aiche.org
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2018 AIChE Annual Student Design Competition Contest 

Rules 

 

Solutions will be graded on (a) substantial correctness of results and soundness of conclusions, (b) 

ingenuity and logic employed, (c) accuracy of computations, and (d) form of presentation.  

 

Accuracy of computations is intended to mean primarily freedom from mistakes; extreme precision 

is not necessary.  

 

It is to be assumed that the statement of the problem contains all the pertinent data except for 

those available in handbooks and literature references. The use of textbooks, handbooks, journal 

articles, and lecture notes is permitted.  

 

Students may use any available commercial or library computer programs in preparing their 

solutions. Students are warned, however, that physical property data built into such programs may 

differ from data given in the problem statement. In such cases, as with data from literature sources, 

values given in the problem statement are most applicable. Students using commercial or library 

computer programs or other solution aids should so state in their reports and include proper 

references and documentation. Judging, however, will be based on the overall suitability of the 

solutions, not on skills in manipulating computer programs.  

 

Departments, including advisors, faculty, or any other instructor, cannot provide technical aid 

specifically directed at the solution of the national student design competition if students plan on 

submitting to the contest.  

 

The 2018 Student Design Competition is designed to be solved either by an individual chemical 

engineering student working entirely alone, or a group of no more than four students working 

together. Solutions will be judged in two categories: individual and team. There are, however, other 

academically sound approaches to using the problem, and it is expected that some Advisors will use 

the problem as classroom material. The following confidentiality rules therefore apply: 
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1. For individual students or teams whose solutions may be considered for the contest: The 

problem may not be discussed with anyone (students, faculty, or others, in or out of class) before or 

during the period allowed for solutions. Discussion with faculty and students at that college or 

university is permitted only after complete final reports have been submitted to the Chapter 

Advisor.  No information about the problem statement including the title or any other information 

should be released to the student prior to the 30 day time allowance.  Students should have their 

professor sign off starting the date that the student received the problem.   

2. For Faculty who intend to utilize the problem as a learning experience and will submit students’ 

projects for the contest: Discussion with faculty and with other students at that college or 

university is permitted.  Faculty will choose a report to submit for the contest.   

3. For students whose solutions are not intended for the contest: Discussion with faculty and with 

other students at that college or university who are not participating in the contest is permitted.  

4. For all students: The problem may not be discussed with students or faculty from other colleges 

and universities, or with individuals in the same institution who are still working on the problem for 

the contest, until after the contest closing date. This is particularly important in cases where 

neighboring institutions may be using different schedules. 

 

 

 

Submission of a solution for the competition implies strict adherence to the following conditions: (Failure to 

comply will result in solutions being returned to the appropriate Faculty Advisor for revision. Revised 

submissions must meet the original deadline.) 

 

ELIGIBILITY  

 ONLY AIChE STUDENT MEMBERS MAY SUBMIT A SOLUTION. Non-member entries will not 

be considered. To become a Student member, you can join online at: 

http://www.aiche.org/students/.   

 Entries must be submitted either by individuals or by teams of no more than four students. 

Each team member must meet all eligibility requirements.  

 Each Faculty Advisor should select the best solution or solutions, not to exceed two from 

each category (individual and team), from his or her chapter and submit them per the 

instructions below.  

http://www.aiche.org/students/
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TIMELINE FOR COMPLETING THE SOLUTION  

 A period of no more than thirty (30) days is allowed for completion of the solution.  

 The finished report should be submitted to the faculty advisor within the 30-day period. 

REPORT FORMAT  

 The body of the report must be suitable for reproduction, that is, computer-generated and 

in a printable format. Tables, supporting calculations and other appendix material may be 

handwritten.  

 This report should follow the outline suggested in Seider, Seader and Lewin [1]. Further 

details on what should be included in the design report can be found in that text. Write the 

document from the point of view of the organization’s engineer making a report and 

recommendation to the organizations management.  

1. Letter of Transmittal 

2. Cover Page 

3. Table of Contents 

4. Abstract 

5. Introduction 

6. Process Flow Diagram and Material Balances 

7. Process Description 

8. Energy Balance and Utility Requirements 

9. Equipment List and Unit Descriptions 

10. Equipment Specification Sheets 

11. Equipment Cost Summary 

12. Fixed Capital Investment Summary 

13. Safety, Health, and Environmental Considerations 

14. Other Important Considerations 

15. Manufacturing Costs (exclusive of Capital Requirements) 

16. Economic Analysis 

17. Conclusions and Recommendations 

18. Acknowledgements 

19. Bibliography 

20. Appendix” 
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 The solution itself must bear no reference to the students’ names and institution by which it 

might be identified. Please expunge all such references to the degree possible.  

 Final submission of solutions to AIChE must be in electronic format (PDF and MS-Word). The 

main text must be 125 pages or less, and an additional 100 page or less is allowed for 

supplementary material only. The final submission to AIChE must consist of no more than 2 

electronic files.  

SUBMITING THE SOLUTION TO AIChE  

 There should not be any variation in form or content between the solution submitted to the 

Faculty Advisor and that sent to AIChE. The Student Chapter Advisor, or Faculty Advisor, 

sponsoring the student(s), is asked to maintain the original manuscript(s).  

 Advisors: once you have identified the entries you will submit, follow these steps: 

1. Have each student fill out, sign and upload the 2018 Entry Document.  
2. Complete this online form if it’s a team submission: 

https://chenected.wufoo.com/forms/q1oiacat19hez3e/  
Complete this online form if it’s an individual submission:  

https://chenected.wufoo.com/forms/q145pz7j0swhz3v/  

 

DEADLINE: Midnight on Friday, June 15, 2018.  

https://chenected.wufoo.com/forms/q1oiacat19hez3e/
https://chenected.wufoo.com/forms/q145pz7j0swhz3v/


Production and Cost Analysis of Dimethyl Ether for Transportation 

Rev 5: June 19, 2017 

Business Objectives 

The use of dimethyl ether (DME) as a transportation fuel has been called a path towards near zero 

particulate emission diesel cars [2], and vehicles.  DME can be produced from a variety of sources such 

as sustainable biomass, municipal solid waste, [3] or CO2 and sustainable energy supplies [2], as well as 

natural gas and methanol making it a flexible and unique product with potentially improved 

environmental and human health impacts.   

This project asks that you to determine the production cost of DME, and if necessary, the required 

incentives to motivate transportation users to switch from low sulfur diesel to DME.  Your 

recommendations should include a risk analysis of technical, business and safety.  Key validation tests of 

your assumptions can be recommended if they cannot be completed as part of this study.   

The plant should be capable of supporting a high volume shipping region of 2000 trucks (6 mi/gal x 12 

hr/day), or 250,000 US gal/day of DME.  Where possible in the design, innovative technologies should be 

used to avoid intellectual property licensing costs.    

Methanol should be considered the feed material for the process and will be delivered by railcar.  

Methanol transportation costs from the Lake Charles MeOH plant, or another, should be considered to 

be (0.02 $/ gal), unless you can find a more accurate value.  Methanol pricing will subject to market 

prices throughout the life of the project and [4] historical prices be found on websites such as 

www.Methanex.com.  

Please consider the following when designing the system: 

1. Production of DME should meet 250,000 US gal/day, with turn down to 50% of that. 

2. Capital Costs and Operational Costs (including operating labour) should be included in 

the economic analysis. 

3. You can consider that part of the facility will be a truck filling station, but CAPEX/OPEX 

costs for the filling station can be excluded from your analysis. 

4. The produced DME must meet the ISO DME Fuel Plant Gate Standard (ASTM 

D7901.144734) (see details below). 

5. Lubrication additives for DME are required.  The exact requirements are unclear at this 

time, but somewhere around 900 ppm (mass) can be assumed [5].  A bulk cost of 

$1.65/lb, plus shipping (same as methanol shipping costs), for the lubricant can be used.   

6. The process must have as small a carbon footprint as possible. Please make 

recommendations on how this can be achieved. 

7. Please provide recommendations on ways to monetize any waste products. 

8. For the purposes of your economic analysis assume the system will have a 20-year plant 

life, and a Minimum Acceptable Rate of Return (discount rate) of 8%. 

9. Safety and Environmental aspects are considered in decisions and recommendations.  

http://www.methanex.com/
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Technical Objectives and Data 

DME Fuel Standard composition requirements:  (ref ASTM ASTM D7901.144734) 

Property Requirement 

DME, mass % (min. 98.5 

Methanol, mass %, max.  0.05% 

Water, mass %, max. 0.03% 

Methyl Formate , mass %  report 

 

Production Methods: 

You may choose to use any process you wish, and the following information should be considered as 

only one possible starting point.  Clearly explain the rational for the process you have selected.   

DME can be produced by a gas phase condensation reaction of methanol using an acid catalyst. The 

reaction of Methanol to DME is as follows: 

2 MeOH <-> DME + H2O 

It is an exothermic equilibrium reaction catalyzed by an acid. There are numerous options for the 

catalyst, but typically solid (heterogeneous) catalysts are suggested in the literature.  A literature search 

shows that a high temperature process using a gama alumina oxide catalyst is [6] [7] possible.  

Alternatively, a low temperature liquid process using a super-acid polymer resin has been examined [8].  

Other catalysts options are possible, including a gas phase dual function catalyst that combines both 

methanol synthesis   and DME formation steps from syngas.    The DME formation reaction equilibrium 

favours low temperature, but kinetics favour high temperature.   You should explain your justification 

for the reaction catalyst and conditions you choose. 
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Turton [9] describes the use of a gas phase reaction (above 250 and below 400 °C) for producing DME 

with the following data by Bondiera and Naccache: 

−𝑅𝑎𝑡𝑒 𝑚𝑒𝑡ℎ𝑎𝑛𝑜𝑙 = 𝐴𝑒−𝐸𝑎/𝑅𝑇   ×  [𝑃𝑀𝑒𝑡ℎ𝑎𝑛𝑜𝑙]

Where:

𝐴 =  1.21 ×  106  (
𝑘𝑚𝑜𝑙

𝑚3𝑟𝑒𝑎𝑐𝑡𝑜𝑟 ℎ𝑟 𝑘𝑃𝑎
)

𝐸𝑎 =  80.48
𝑘𝐽

𝑚𝑜𝑙

[𝑃𝑀𝑒𝑡ℎ𝑎𝑛𝑜𝑙]  = 𝑃𝑎𝑟𝑡𝑖𝑎𝑙 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑜𝑓 𝑀𝑒𝑡ℎ𝑎𝑛𝑜𝑙 (𝑘𝑃𝑎)

 

 

The equilibrium constant can be calculated from the equation presented by Aguayo [10] and can be 

used to determine the reverse reaction.  Values produced from the equilibrium equation below are 

relatively consistent with those obtained using a Gibbs Free Energy method.   

Ln Kp = -9.76 + 3200/T + 1.07 x ln(T) – 6.57x10-4 x T + 4.9x10-8 x T2 + 6050/T2 

Where T, is in Kelvin (between 240 and 340 °C).   

Since the reaction is commonly done using a heterogeneous catalyst, and it has been found that water 

inhibits the reaction, other forms of the reaction equation could be used and some typical values are 

shown in the table below.  The low temperature heterogeneous catalyst equation was found to have a 

constant initial reaction rate at Methanol concentrations that vary from pure methanol down to 5 

mol/litre.   The reverse direction is not considered, and thus a chemical equilibrium is not predicted by 

this correlation.  You should use caution in using the correlation at MeOH concentrations below 5 

mol/litre.    

An equilibrium constant (Kc) for liquid molar concentrations was derived from Gibbs Free Energy and is 

follows: 

Ln(Kc) = 787.64/Temperature (K) +1.4937 

Based on this Kc relationship, at equilibrium, the liquid methanol conversion from pure methanol 

follows the following correlation. 

MeOH Conversion (%) = -0.0363 x Temperature (°C) + 95.881 

Range of data fit by this equation is from 90 to 140 °C. 
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Other Kinetic Data  

Reaction equation (ref Aspen HYSYS)and heterogeneous catalyst parameters for Methanol Dehydration: 

 

𝑅𝑎𝑡𝑒 (
𝑘𝑔𝑚𝑜𝑙𝑒

𝑚3 𝑠
) =

𝑘 × [𝑀𝑒𝑂𝐻]𝑚 − 𝑘′ × [𝐻2𝑂][𝐷𝑀𝐸]

(1 + 𝐾1 × [𝑀𝑒𝑡ℎ𝑎𝑛𝑜𝑙](𝑓1_𝑀𝑒𝑡ℎ𝑎𝑛𝑜𝑙_𝑒𝑥𝑝) × [𝐻2𝑂](𝑓1_𝐻2𝑂_exp ) + 𝐾2 × [𝐻2𝑂](𝑓2_𝐻2𝑂_exp ))𝑛

Where:

𝑘, 𝑘′ = 𝐴 × 𝑒−
𝐸

𝑅𝑇

𝐾1, 𝐾2, … = 𝐴1 × 𝑒−
𝐸1
𝑅𝑇

[𝑀𝑒𝑡ℎ𝑎𝑛𝑜𝑙] , [𝐻2𝑂], [𝐷𝑀𝐸] = 𝑚𝑜𝑙𝑒 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙

 

Catalyst Reaction Kinetic 
Parameters and Data 

High Temperature Gas Phase 
(Gamma Alumina catalyst) [6] 

Low temperature Liquid Phase 
(high acid resin i.e. Amberlyst 
35) 

Heat Of Reaction, kJ/kgmole -11712.0 -11712.0 

A forward,  kgmole/m3-s 1.0626x106 1.2457x1011 

E forward, kJ/kgmole 65633.0 98000. 

m Forward Reaction Order 2 0 

A’ reverse, kgmole/m3-s 1.4677x107 (no reverse rxn data) 

E’ reverse, kJ/kgmole 88994.0 (Correlation limited from pure to 
5mol/litre MeOH) 

A1  0.5366 1.565x10-3 

E1, kJ/kgmole -3450.0 -24642.7 

f1_Methanol _exp 0.5 -1 

f1_H2O_exp 0 1 

A2 4.50x10-2 n/a 

E2, kJ/kgmole -9395.0 n/a 

f2_H2O_exp, 1 n/a 

n, Denominator Exponent 4 2 

   

Maximum Temp, °C 400 (catalyst deactivation),  
Ref:  Turton 

150 (catalyst limit)  
ref: DOW data sheet 

Price $4.65/lb - $5.25/lb. $15 / lb in large quantities 

Bulk Density (typical), gm/cm3 0.882 0.607 

Material Density (typical), 
gm/cm3 

1.47 1.504 

Void Fraction 0.40 0.60 

Life 9 to 12 months unknown 
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i.e, High temperature reaction kinetic parameters (for heterogeneous catalysts) in Aspen HYSYS are: 
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Catalyst Limitations: 

Low Temperature Catalyst: 

The low temperature catalyst is superacid polymeric material.  Although it will not soften at higher 

temperatures, it will desulfonate in a way that releases SO3 groups forming H2SO4 in aqueous solutions.  

Kinetics of the degradation reaction can be assumed negligible at temperatures less than 120°C, and the 

catalyst weight loss due to lost SO3 is 15.9% weight at 160°C [11].   

Reactor designs for this catalyst (for large) are usually no more than 30 ft in height, with a preferred 

pressure drop of less than 15 psi (max 30psi). The Ergun equation is a reasonable method to estimate 

the pressure drops.    Larger pressure drops tend to compress the beads and cause fines that can blind 

screens in a reactor. 

Further vendor information for the catalyst can be found at:  http://cheedesign.net/AICHE2018/  

Thermodynamics: 

The published properties of Methanol/DME/Water Systems are such that DME and Water will form two 

liquid phases when MeOH concentrations are low [9] [12]. Separation methods should consider the 

effects of a possible three phase mixture in this region.   

 

http://cheedesign.net/AICHE2018/
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Fig 1: Liquid-Liquid Equilibrium of DME/Water/Methanol, Courtesy of DDBST 

 

Intellectual Property (IP) 

Currently there are a variety of processes being proposed for the production of DME from a variety of 

feedstocks.  The process proposed by you should consider the cost of licensing the IP, or attempt to 

develop a process that would avoid IP issues.   

Plant Location, Safety and Environmental Information: 

For consideration of safety and environmental review, assume the plant could be located at the 

following location: https://www.google.ca/maps/place/Lake+Charles,+LA,+USA/@30.2123853,-

93.3240263,16.74z  Note: this location has been arbitrarily chosen so that it is close the Lake Charles 

Methanol Plant project and for its proximity to highways, and access to rail and pipelines.  Permission of 

the actual owners of the land has not been discussed, or asked for this purely academic contest.     

Justified recommendations for relocation are acceptable.   You can consider that part of the facility 

would be a truck filling station.  Consequences Analysis [13] [14]  may be used to support statements.  

You may use the following spreadsheet to screen for offsite consequences [15] 

http://www.cheedesign.net/consequence/default.html . 

https://www.google.ca/maps/place/Lake+Charles,+LA,+USA/@30.2123853,-93.3240263,16.74z
https://www.google.ca/maps/place/Lake+Charles,+LA,+USA/@30.2123853,-93.3240263,16.74z
http://www.cheedesign.net/consequence/default.html
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Safety Data for Methanol and DME are available.  The lubricant has the following properties: 

 Lubricant Additive Properties Value 

Specific Gravity 0.898 

Flash Point, °C 200 °C, closed cup 

Maximum Temperature for long term storage,   27°C, degradation occurs at 40°C 
Viscosity, cST 24 @ 80°F 
 

ENVIRONMENTAL Criteria: 

Assume the waste water could be sent to a municipal waste treatment plant.  Methanol does not have 

an absolute limit; it’s based on available technology to remove the methanol for pre-treatment prior to 

discharging to receiving waters.   One criterion that would be evaluated by the regulator is to examine 

the breakeven cost of purifying the methanol.    The breakeven cost means when the dollar value of 

methanol lost is equal to the dollar value of energy required to purify the methanol.   An assumption 



16 
 

around the cost of Methanol ($420/MT) can be used for this analysis.  Other criteria include ensuring the 

discharge water is below the Lower Explosive limit, and does not present a toxicity hazard.  The 

regulator might consider the trade-off of higher allowable MeOH concentrations in the waste water with 

the positive effects on improved air quality due to adoption of DME vehicles, and the reduction in CO2 

emissions to provide a less restrictive separation.   
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