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DEPARTMENT OF CHEMICAL ENGINEERING  

CHEG 4031  

CHEMICAL ENGINEERING LAB. II  
  

DESIGN OF EXPERIMENTS PROJECT  
  

During the course students are expected to design and operate, or simulate, a typical course 

experiment.  The experiment will be chosen by the students from a provided list or students’ 

suggestions.  The subject matter should be relevant to the subjects dealt with in the specific 

laboratory. The work will be done by the same groups performing experiments.  The chosen 

experiment will be defended in an open presentation by the end of the semester.  A written report 

may be also required.   

Procedure  

The students should follow the following procedure: 

1. Subject selection.   

2. Define the goals and objectives of the experiment.   

3. Research any relevant theory and previously published data from similar 

experiments.   

4. Select dependent and independent variable(s) to be measured or controlled.   

5. Describe an appropriate procedure for the experiment.   

6. Select appropriate chemicals for the experiment to be conducted safely.   

7. Select appropriate methods for measuring/independent variables.   

8. Propose appropriate equipment and instrumentation.   

9. Select the proper range of the independent variable(s).  

10. Design a method to process the results.   

11. Indicate what kind of conclusions you expect.   

Students will be graded accordingly to how well they address the previous issues.   

  

Deliverables  

By mid-term the students should provide a one page summary including  

1. Title.   

2. Goals (one paragraph).   

3. Abstract (one or two paragraphs).   

4. Brief description of experimental procedure (one or two paragraphs).   

5. Expected results (one or two paragraphs).   

  

Final Presentation  



On final week, or any suitable agreed upon time, each group of students will present their 

design NEW experiment orally. The presentation will contain the same elements as a 

formal laboratory report listed below:  

1. Abstract.   

2. Theory.   

3. Procedure.   

4. Results and Discussion.  

5. Conclusions.   

Students should include either simulated data or data from similar experiments as example of 

what results are expected from the experiment and how the results should be handled.  These 

manipulations should include error and statistical analysis.   

A discussion about the suitability of the experiment and the estimated accuracy should be 

included in the discussion.    

  

Prepared by: Dr. Jorge Gabitto          Date: January, 2019  
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Design of Experiments 

The Study of Cooling Tower Operations and Performance 

CHEG 4011  - P03: Dr. Antoine 

Prepared By: 

Heaven McCray 

Christen Augustine  

Jordan Smith 

Chantel Robinson 
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Agenda  

➢ Goals  ➢ Conclusions 

➢ Abstract ➢ References 

➢ Theory 

➢ Experimental Procedure 

➢ Results 
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➢ Discussion 

Goals 

● Study the performance of cooling towers by varying inlet water  

temperature  

● Complete the energy balance of the system 

● Create a successful experiment where classroom fluid mechanic and separation topics 

are applied by Prairie View Students in the Unit  

Operations Lab 
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Abstract 

➢ Industrial cooling towers are used to remove surplus heat from 

water. 

➢ They function as heat exchangers based on the counter flow 

principle. 

➢ Primarily uses latent heat of vaporization (evaporation) to cool 

process water. 
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Abstract 

➢ Major Factors of Cooling Tower Performance: 

○ Water Flow Rate 

○ Water Inlet Temperature 

○ Water Outlet Temperature 

○ Wet Bulb Temperature 

➢ Cooled water is below the dry-bulb temperature and above the wet bulb temperature of air. 
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Theory 

This equation is used 

to calculate the 

enthalpy of the system, 

which is referenced 

from tables depending 

on the fluid used: 

● Water 

This is the general 

method to conduct an 

energy balance for the 

cool water output.  

Generation and 
accumulation are  

Although the enthalpy 
of air can be calculated 
using the general 
method, since air is at 
low pressure it is 
treated as an ideal gas 
and be  

When the two 

values are added 

together, the result 

should be  

zero, showing the 
first law of 
thermodynamics. 

The change in the 
enthalpy of water and 
the enthalpy of air 
should have opposite 
signs to show the heat 
transfer among the 
two fluids.  

● Air not considered in  calculated with the equation. 

 this equation.  
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Theory 

➢ Humidification: the process of increasing the water vapor content of  

air 

➢ Dehumidification: the process of decreasing the water vapor content  

of air 

➢ Wet Bulb Temperature: the lowest temperature that water  

theoretically can reach by evaporation 

Theory 
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➢ Dry Bulb Temperature: the temperature of the air 

➢ Dew Point Temperature: the temperature at which water vapor  

starts to condense 

➢ Cooling Load: the rate at which heat is removed from the water 

➢ Cooling Range: the difference between the water temperature at entry to and exit from 

the tower 



 

9 

Theory 



 

10 
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Variables  

Dependent Variables 

➢ Air Inlet Temperature 

➢ Air Outlet Temperature 

➢ Water Outlet  

Temperature  

➢ Humidity 

➢ Enthalpy 

Independent  

Variables 

➢ Water Flow Rate 

➢ Heater Power  

➢ Water Inlet  

Temperature  
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13 Equipment Water Cooling Tower HE152 

2. Water Distributor  

3. Packing Column 

4. Flow Meter 

5. Basin 

6. Air Blower 

7. Control Panel 

8. Make - Up Tank 

9. Differential Pressure Transmitter 

10. Load Tank 

1 

3 

2 

6 

5 

10 

9 

8 

7 
4 
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1. Orifice
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Experiment Setup 

1. Ensure that the valves are checked and are closed. 

2. Fill the load tank with deionized water (or tap water) up to the zero mark. 

3. Add deionized water to the wet bulb sensor reservoir. 

4. All appropriate tubing was connected to the differential pressure sensors. 
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5. Ensure appropriate cooling tower packing was installed for the experiment. 

Experimental Procedure  

1. Set temperature of temperature controller to 45ºC. Switch on the 1.0 kW water heater 

and heat to 40ºC. 

2. Switch the pump on and slowly open the control valve (V1) to adjust the water flow rate. 

3. Fully open the damper and turn on the fan blower. 

4. Run the system for 20 minutes to ensure float valve correctly adjusted the level in the 

load tank. 

5. The damper and the water flow rate were set to be constant to determine effect of heater 

power on water outlet temperature. 
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Experimental Procedure cont. 

6. Switch off the 1.0 kW water heater and set the power as 0 kW. 

7. Record all the data required after 10 minutes to ensure the unit stabilized for the first trial and 

another 10 minutes for second trial. 

8. To measure the differential pressure across the orifice, valves V4 and V5 were opened while valves 

V3 and V6 were closed. 

9. To measure the differential pressure across the column, valves V3 and V6 were opened while V4 

and V5 were closed. 

10. Set water heater to 0.5 kW, 1.0 kW, and 1.5 kW. Collect data. 

11. Finally, turn off the heaters and let water circulate through the system for 3-5 minutes until cool. 
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Results (Cont.)
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Discussion 

For Experiment 1 

❖ Investigated the effect of different heater powers (0.5 kW - 1.5 kW) to  

determine changes in outlet temperature. 

❖ When the value of the heater power fluctuated, it resulted in the values of 25.1ºC, 25.6ºC, and 

26.1 ºC, showcasing that increasing the value of heater power will decrease the amount of heat 

transfer. 

Discussion 



 

22 

For Experiment 2 

➢ Investigate the effect of various water flow rates (0.8 - 1.6 LPM) on the outlet  

water temperature. 

➢ From the data we can conclude that increasing the water flow rate will reduce heat transfer in the 

cooling system. 
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Discussion 

➢ Safety: 

○ Non-hazardous materials. 

○ Moderately low temperature and pressure. ➢ 

Equipment: Benchtop Cooling Tower 

○ Cost - $2,800 

○ Low maintenance and minimal care required. 

➢ Timing 

○ Approximately 25 minutes per experiment. 

○ Can be completed within the allotted class time. 

Conclusion 

➢ This experiment was successfully conducted 
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➢ The experiment is recommended for the PVAMU CHEG 4011 curriculum.  

Experiment 1 

➢ As the value of the power heater increases, the cooling range increase. 

Experiment 2 

➢ The higher the water flow rate, the lower the energy in the form of heat transfer is released. 

➢ The higher the power, the lower the energy transfer. 

References 

Ahmed, Noaman. “Cooling Towers - An Extensive Approach.” LinkedIn SlideShare, 8 Jan. 2015, 

https://www.slideshare.net/NomanAhmed1/cooling-towers-an-extensive-approach. 
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“Bench Top Cooling Tower.” Didac International, https://www.didacinternational.com/bench-top-cooling-tower-3511570.html. 

“Dry Bulb, Wet Bulb and Dew Point Temperatures.” Engineering ToolBox, https://www.engineeringtoolbox.com/dry-wet-bulb-dew-

point-air-d_682.html. 

Hao, Sem Yong. “Cooling Tower Lab Report.” Academia.edu, 

References 

Lewis, Sharon, et al. Cooling Tower Experiments. University of Tennessee at Chattanooga , 17 Sept. 1996, 

http://chem.engr.utc.edu/webres/435F/3T-CT/3T-CT.html. 

Skool, Azlan. “Cooling Tower Full Report.” LinkedIn SlideShare, 15 Nov. 2014, 

https://www.slideshare.net/azlan.skool/cooling-tower-full-report. 
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e

rhttps://www.academia.edu/28948993/Cooling_Tower_Lab_Report?auto=download. 
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standing Wet Bulb Temperatures and How It Affects Cooling Tower Performance: Manufacturers of Cooling Towers & 

Systems: Delta Cooling Towers, Inc.” Manufacturers of Cooling Towers & Systems by Delta Cooling Towers, Inc., 27 Oct. 

2017, https://deltacooling.com/resources/news/understanding-wet-bulb-temperatures-and-how-itaffects-cooling-tower-

performance. 
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  PVAMU CHEG 4011 – Chemical Engineering Laboratory II  

Separations & Fluid Mechanics  

1  

  

McCabe-Thiele Method of Calculation for Number of Theoretical Stages  
  

Objective  

To calculate the theoretical number of stages for an equimolar ethanol-water mixture using the 

McCabe-Thiele method.  

  

Procedure  

You will need to measure or record: Reflux ratio, R, xD, xF, xB, the temperatures of each stage, 

volumetric flow rates of the distillate, D using valve ____ and the bottoms, L using valve ____.  

You will use these flow rates to determine the molar flow rates.  Use the calibration curve for the 

pump vs. feed flow to determine the volumetric flow rate of the feed.  

   

Equipment Required   

Armfield UOP3CC Distillation column  

Armfield interface device   

WindowsTM PC with Armfield UOP3CC software installed   

   

Theory   

During rectification (fractionation) or stage distillation, the liquid and vapor products from each 

stage flow countercurrent to each other.  In the ideal case, the vapor stream, V and the liquid 

stream, L leave each stage in equilibrium.    

  

For countercurrent contact with multiple stages, the material balance on component A is given by 

the operating line equation:  

  

𝑉𝑉𝑛𝑛+1𝑦𝑦𝑛𝑛+1+𝐿𝐿𝑛𝑛−1𝑥𝑥𝑛𝑛−1 

=𝐿𝐿𝑛𝑛𝑥𝑥𝑛𝑛+𝑉𝑉𝑛𝑛𝑛𝑛  (11.4-2)   

The total material balance is given by:  

𝑉𝑉𝑛𝑛+1+𝐿𝐿𝑛𝑛−1 =𝑉𝑉𝑛𝑛+𝐿𝐿𝑛𝑛  (11.4-1)  

  

Vn+1 is mol/h of vapor from tray n+1, Ln is mol/h liquid from tray n, yn+1 is mole fraction of A in 

Vn+1, and so on.  Fig. 1 shows the vapor and liquid streams entering and leaving a sieve tray at 

equilibrium.  

  

  



  PVAMU CHEG 4011 – Chemical Engineering Laboratory II  

Separations & Fluid Mechanics  

2  

  

Fig. 1. A representation of the vapor and liquid streams arriving and leaving a sieve tray.  The 

vapor and liquid streams are at equilibrium.  

  

In a distillation, the stages are known as sieve plates or trays, which are arranged vertically in a 

tower  

(see Fig 2 below).  The feed enters the column somewhere near the middle of the column.  Vapor 

enters the tray and bubbles through the liquid on this tray as the entering liquid flows across.  

The vapor and liquid entering the tray are essentially in equilibrium.  The vapor continues up to 

the next tray where it is again contacted with a downflowing liquid.  In total, the vapor becomes 

enriched with the more volatile component (lower boiling component, A) as it ascends the 

column.  The downflowing liquid becomes more and more enriched with the higher boiling point 

component, B.  

  

The final vapor product coming overhead is condensed in a condenser and a portion of the liquid 

product, called the distillate is removed, which contains a high concentration of A.  The reflux is 

the remaining liquid that is not withdrawn from the condenser, instead, it is returned as a liquid 

to the top tray.  

  

The liquid leaving the bottom tray enters the reboiler, where it is partially vaporized, and the 

remaining liquid, which is lean in A or rich in B, is withdrawn as liquid product.  The vapor from 

the reboiler is sent back to the bottom tray.  

  

NOTE: In a theoretical tray, the vapor and liquid leaving are in equilibrium.  The reboiler can be 

considered as a theoretical stage or tray.  

  



  PVAMU CHEG 4011 – Chemical Engineering Laboratory II  

Separations & Fluid Mechanics  

3  

  

  
Fig. 2. Schematic of a distillation column containing sieve trays.  

  

For the enriching section,   

  

The theoretical stages are determined by starting at xD and stepping off the first plate to x1.  

  

Equipment Setup   
The equipment will be set up for you.  Use a reflux ratio of 5:1, i.e., R = 4.  

  

Treatment of Data  

Review section 11.4A, B for information on the calculation on the number of theoretical stages.  

Equations 11.4-1 to 11.4-11 in “Transport Processes and Separation Process Principles”, C.J. 

Geankoplis, 4th Ed.  
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ASSIGNMENTS FOR OUTCOME 3 
 

An ability to an ability to communicate effectively with a range of audiences.  
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CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

Chemical Engineering Laboratory III 

SPRING 2021 

Instructor:  Dr. Jorge F. Gabitto 
 

 

Title of Assignment 

 

 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 

 
 

Brief justification of why this assignment is suitable for this outcome 

 

 

Sample of graded student’s solution 

 

Report 4 

 

 

Outcome 3 

An ability to an ability to communicate effectively with a range of 

audiences.  

 

The rubric used for grading this assignment measures the students’ ability to express 

themselves using written communication. Organization and professional language are 

also measured.  
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CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

Chemical Engineering Laboratory III 

SPRING 2021 

Instructor:  Dr. Jorge F. Gabitto 
 

 

Title of Assignment 

 

 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 

 
 

Brief justification of why this assignment is suitable for this outcome 

 

 

Sample of graded student’s solution 
     

                                  

 

   

 

 

Final Presentation 

 

 

Outcome 3 

An ability to an ability to communicate effectively with a range of 

audiences.  

 

The rubric used for grading this assignment measures the students’ ability to express 

themselves using oral communication. Presentation organization and professional 

language are also measured.  
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ASSIGNMENTS FOR OUTCOME 3 
 

An ability to an ability to communicate effectively with a range of audiences.  
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CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

Chemical Engineering Laboratory II 

FALL 2021 

Instructor:  Dr. Jorge F. Gabitto 
 

 

Title of Assignment 

 

 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 

 
 

Brief justification of why this assignment is suitable for this outcome 

 

 

Sample of graded student’s solution 

 

Report 4 

 

 

Outcome 3 

An ability to an ability to communicate effectively with a range of 

audiences.  

 

The rubric used for grading this assignment measures the students’ ability to express 

themselves using written communication. Organization and professional language are 

also measured.  
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CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

Chemical Engineering Laboratory II 

FALL 2021 

Instructor:  Dr. Jorge F. Gabitto 
 

 

Title of Assignment 

 

 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 

 
 

Brief justification of why this assignment is suitable for this outcome 

 

 

Sample of graded student’s solution 
     

                                  

 

   

 

 

Final Presentation 

 

 

Outcome 3 

An ability to an ability to communicate effectively with a range of 

audiences.  

 

The rubric used for grading this assignment measures the students’ ability to express 

themselves using oral communication. Presentation organization and professional 

language are also measured.  
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ASSIGNMENTS FOR OUTCOME 3 
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CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 
Chemical Engineering Laboratory III 

SPRING 2022 
Instructor:  Dr. Jorge F. Gabitto 

 
 

Title of Assignment 
 

 
 

 
Outcome Measured Using this Assignment 

 
 
 
 
 
 

 
Brief justification of why this assignment is suitable for this outcome 

 
 

Sample of graded student’s solution 

 
Report 4 

 
 

Outcome 3 
An ability to an ability to communicate effectively with a range of 
audiences.  

 
The rubric used for grading this assignment measures the students’ ability to express 
themselves using written communication. Organization and professional language are 
also measured.  
 
 



 18 

 



 19 

 



 20 

 



 21 

 



 22 

 



 23 

 



 24 

 



 25 

 
 

 
  



 26 

 

CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 
Chemical Engineering Laboratory III 

SPRING 2022 
Instructor:  Dr. Jorge F. Gabitto 

 
 

Title of Assignment 
 

 
 

 
Outcome Measured Using this Assignment 

 
 
 
 
 
 

 
Brief justification of why this assignment is suitable for this outcome 

 
 

Sample of graded student’s solution 
     
                                  

 
   

 

 
Final Presentation 

 
 

Outcome 3 
An ability to an ability to communicate effectively with a range of 
audiences.  

 
The rubric used for grading this assignment measures the students’ ability to express 
themselves using oral communication. Presentation organization and professional 
language are also measured.  
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ASSIGNMENTS FOR OUTCOME 3 

An ability to communicate effectively with a range of audiences 

(Written and Oral, Demonstrated by Parts of Final Project Report & 

Presentation Slides) 



36 

CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

SENIOR DESIGN & PROFESSIONALISM II 

SPRING 2022 

Instructor:  Dr. Emmanuel A. Dada 

Title of Assignment 

Outcome Measured Using this Assignment 

       Check the communication problem characteristics related to this assignment 

Ability to prepare an executive summary for the report 

Requires students to: 

Prepare an executive summary up to 3 pages 

Ability to organize, plan and  properly format a written technical report 

Requires students to: 

X Organize report by chapters, major sections, subsections and paragraphs 

X Provide Title Page, and Table of Contents, list of Figures, and List of Tables properly formatted. 

X Provide figure and table numbers with titles and reference and discuss each table and figure in accord with standard 

practice.  

X Properly cite references in the report and provide well formatted reference list at the end. 

X Prepare the written report in accord with standard report formatting Manual 

Ability to compose original texts and properly apply the conventions of written language. 

Requires students to: 

X Properly apply capitalization, punctuation, and penmanship, to communicate clearly and spell proficiently, 

Apply standard grammar and usage to communicate clearly and effectively in writing using complete sentences, good 

subject-verb agreement, pronoun referents, and parts of speech, properly using adjectives, adverbs, prepositional 

phrases appropriately,  conjunctions to connect ideas to make writing vivid and precise, and  use available technology 

to support aspects of creating, revising, editing, spell checking, and publishing the report.  

Ability to provide appropriate discussion, conclusions and recommendations  

Requires students to 

X summarize the goals, objectives, and indicate whether they were met. 

X summarize the report chapter by chapter 

X summarize constraints and codes and indicate whether they were met for design reports 

Summarizes how issues relating to public health, safety, and welfare, as well as global, cultural, social, environmental, 

and economic factors were considered/addressed for design reports. 

X Provide logical conclusions Provide logical conclusions and recommendations (including strengths and weaknesses)  

     Brief  justification of why this assignment is suitable for this outcome

Grading Scheme  

Final Project Powerpoint Presentation 

Outcome 3 
An ability to communicate effectively with a range of audiences 

(Oral and Written Communications)

The students are assessed by external evaluators who are professional engineers for their 

skills in presenting their projects and defending their projects via a powerpoint 

presentation mode. The students are graded based on some rubrics detailed below.  The 
students written report as attached for outcome 2 above are graded based on the below 

grading rubrics.  



 37 

The grading rubrics for evaluation of the Senior Design II projects CHEG 4248 (a continuation of the fall 2021 Senior Design I CHEG 42472) are presented below. The students are to be evaluated as outlined in 

the rubrics with emphasis on the following: 

 Justification of plant location and capacity 
 Provide a process description and Process Flow Diagram (PFD) for the plant showing the major items of equipment, and indicating 

the materials of construction and the operating temperatures and pressures 

 Material and energy balances with summary table for the process with streams information showing a mass balance for each 

major equipmentt 

 A complete HYSYS/ASPEN simulation report of the process 

 Chemical engineering design of major equipment such as (i) reactor(s), (ii) absorption column(s) and (iii) dsistillation columns  

 Estimates of the Major Equipment Capital Cost (Capex) 

 Estimates of Operating Cost (Opex) 

 Preparation of a net present value and investor’s rate of return analysis for the investment over a 15-year life, assuming the 

company’s current capital hurdle rate is 15%. 

 Preparation of a project milestone schedule 

 Preparation of  a P&ID for a section of  the process showing the control scheme to ensure safe operation of the unit, and carrying out 

a HAZOP analysis of the section of the process selected  

 Preparation of a safety report indicating the safety measures required for the plant bearing in mind any toxic and flammable materials 

handled 

 

In addition, the names of the presenters for each design project have been included in the rubrics to enable each presenter to be evaluated as 

well.   
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2.  Gavin Towler and Ray innott, “Chemical Engineering Design : Principles, Practice and Economics of Plant and Process Design” 

Butterworth-Heinemam, ISBN 978-0-08-096659-5, second edition, 2013 

 

3. Perry’s Chemical Engineering Handbook, sith edition or latest 

4. Turton, R., Bailie, R., Whiting, W., and Shaeiwits, J. A.  “Analysis, Synthesis, and Design of Chemical 

Processes,” 4th Edition Prentice-Hall PTR, Upper Saddle River, New Jersey 07458, 2008.   
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DEPARTMENT OF CHEMICAL ENGINEERING 

SENIOR DESIGN & PROFESSIONALISM II CHEG 4248 

COURSE ASSESSMENT GRADING & OUTCOME  

ASSESSMENT SHEET FOR SPRING 2022 SEMESTER 

 
ABET Student Learning Outcome 3: An ability to communicate effectively with a range of audiences (Written Technical Communication)  

Assignments that test competency in written communication will include problems that test the student’s ability to logically arrange information, use correct grammar, use appropriate 
format, use discipline specific conventions including citations, and use acceptable graphical conventions. 

 
 

Name:_________________________________________________________ 
 

 

Title of Assignment:___________________________        Due Date ____________ 

 

Competency Area Points   

Points Received 
Assigned 

1. Ability to prepare an executive summary for the report 

 

10  

Students are able to prepare an executive summary of 5 to 8 pages 10  

2. Ability to organize, plan and  properly format a written technical report 80  

(i)  Students are able to organize report by categorizing ideas for the report into well and logically 

organized chapters, major sections, subsections and paragraphs blended within the larger units.    
20  

(i)  Students are able to organize report by categorizing ideas for the report into well and logically 

organized chapters, major sections, subsections and paragraphs blended within the larger units.    
20  

(ii) Students provide Title Page, and Table of Contents, list of Figures, and List of Tables properly 

formatted. 
12  

(iii) Students provide figure number and title for each figure in the report, reference each figure, 

and completely discuss each figure in the report in accord with standards in the project manual. 
12  

(iv) Students provide table number and title for each table in the report in accord with standards in 

the project manual, reference each table, and completely discuss each table in the report. 
12  

(v) Students properly cite references in the report and provide well formatted reference list at the 

end. 
12  

(vi) Students prepare the written report in accord with standard report formatting provided in the 

Senior Projects Report Manual. 
12  

3.  Ability to compose original texts and properly apply the conventions of written 

language 

50  
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(i)     Properly apply capitalization, punctuation, and penmanship, to communicate clearly. 15  

(ii)    Spell proficiently 10  

(iii)   Apply standard grammar and usage to communicate clearly and effectively in writing including 

         using complete sentences, varying the types such as compound and complex to match meanings 

and purposes 

         properly employing standard English usage in writing for audiences, including subject-verb 

agreement, pronoun referents, and parts of speech 

         properly using adjectives (comparative and superlative forms) and adverbs appropriately to make 

writing vivid or precise 

         properly using prepositional phrases to elaborate written ideas 

         properly using conjunctions to connect ideas meaningfully 

20  

(vi) Use available technology to support aspects of creating, revising, editing, spell checking, and 

publishing the report. 
5  

4.  Ability to provide appropriate discussion, conclusions and recommendations   60  

(i)   Summarize the goals, objectives, and indicate whether they were met. 10  

(ii) Summarize the results. 30  

(iii) Summarize constraints and codes and indicate whether they were met. 10  
(iv) Provide logical conclusions and recommendations (including strengths and weaknesses). 10  

 

Total 

 

200 

 

 

 

 

SENIOR DESIGN & PROFESSIONALISM II CHEG 4248  

Oral Design Presentation Evaluation Form 

Title of Presentation:  

Date of Presentation: April  23, 2022 

Name of Examiner/Appraiser: 

 

 

Performance Criteria 

Not Acceptable 

(0-59.9%) 

 

Below Expectations 

(60-69.9%) 

 

Average  meets  

minimal expectations 

70-79.9 

 

Very Good 

Meets Expectations 

(80-89.9%) 

Excellent  Exceeds 

Expectations (90-

100%) 

1.  Ability to Organize, Plan, Design/Prepare and 

Use Appropriate Visual Aids for 

communication/Presentation** 

20   40  59  60  65  69  70  75  79  80  85  89  90  95  99 

Presentation is organized in well structured logical 
sequence making it easy for audience to follow the 

content with clear understanding. 

 

□     □     □ 

  

 □     □    □ 

  

  □    □    □ 

  

 □    □    □ 

  

 □    □    □ 

Slides are well prepared and are effective in helping          
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audience to understand (adequate and relevant 
technical content and  view graphs that are legible, 
completely labeled, annotated, dimensioned to 
illustrate important features of the work being 
presented) 

 □     □     □  □    □    □   □    □    □  □    □    □  □    □    □ 

Modern presentation techniques are used (may 
include visually enhanced transitions, animations, 
video, and sound clips). 

 

 □     □    □ 

  

 □    □    □ 

  

  □    □    □ 

  

 □    □    □ 

  

 □    □    □ 

Average for this Performance Criteria  
2.  Ability to Articulate Subject Knowledge     

     (Technical Content)* 
     

Client identification and recognition of need □     □    □  □    □    □  □    □    □  □    □    □  □    □    □ 
Project goals and objectives, and planning □     □    □  □    □    □  □    □    □  □    □    □  □    □    □ 
Process screening and selection, PFD and process 
description 

□     □    □  □    □    □  □    □    □  □    □    □  □    □    □ 

Process chemistry, and material and energy balances □     □    □  □    □    □  □    □    □  □    □    □  □    □    □ 
Quality of chemical engineering design/and 
analysis, and design constraints 

□     □    □  □    □    □  □    □    □  □    □    □  □    □    □ 

Design within economic, societal and environmental 
constraints(including contemporary issues and 
broader impact on society)  

□     □    □  □    □    □  □    □    □  □    □    □  □    □    □ 

Hazard and Safety considerations**** □     □    □  □    □    □  □    □    □  □    □    □  □    □    □ 
Questions are responded to in a clear professional 
manner after restating questions to audience 

□     □    □  □    □    □  □    □    □  □    □    □  □    □    □ 

Average for this Performance Criteria  
3.  Appearance and Ability to Provide Good   

     Oral Delivery** 
     

Correct grammatical English and technical terms 
appropriate to technical area and audience are used; 
and presenters speak with clarity and  confidence  

 

□     □     □ 

 

□    □    □ 

  

□    □    □ 

  

□    □    □ 

  

□    □    □ 

Good posture and eye contact with the audience are 
maintained ( should not read from prepared notes) 
and elicits the attention of the audience 

□     □     □  □    □    □  □    □    □  □    □    □  □    □    □ 

Presenters dress appropriately for the occasion. □     □     □  □    □    □  □    □    □  □    □    □  □    □    □ 
 Efforts of all group  members/Group dynamics*** □     □     □  □    □    □  □    □    □  □    □    □  □    □    □ 
Average for this Performance Criteria  

OVERALL AVERAGE GROUP 

PERFORMANCE 

 

NAME OF PRESENTER OVERALL PERFORMANCE OF PRESENTER 

 □     □     □ □     □      □ □     □      □ □      □       □ □      □      □ 
 □     □     □ □     □      □ □     □      □ □      □       □ □      □      □ 
 □     □     □ □     □      □ □     □      □ □      □       □ □      □      □ 



 41 

 □     □     □ □     □      □ □     □      □ □      □       □ □      □      □ 
 □     □     □ □     □      □ □     □      □ □      □       □ □      □      □ 

*ABET Student Outcome 2 ; **ABET Student Outcome 3; *** ABET Student Outcome 5; ****Program Criterion 9b 
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INSERT A SAMPLE STUDENT’S COPY OF THE POWERPOINT PRESENTATION 
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PROJECT SCOPE

3



PROBLEM STATEMENT

4

The purpose of this project is to design a system that 
produces Dimethyl Ether (DME) at the required 99.9% purity.



PRODUCT USES

• Refrigerant (R-E170)

• Solvent

• Propellant in industrial aerosol 
products.

• Potential use for transportation 
fuel, domestic use, and power 
generation

5



PROCESS 
SELECTION

6



PROCESSES CONSIDERED
ALTERNATIVE PROCESS PROS CONS

1 Methanol Dehydration

• Consumes less time and cost of 
equipment

• Relatively simpler process flow
• Catalyst deactivation occurs at 

relatively high temperature (400 
C).

• Requires more 
downstream separation 
technologies.

• Sourcing of methanol 
may present 
challenges.

• Marginally lower DME 
yield.

2 Indirect Synthesis from biogas 
feedstock

• Marginally higher DME yield.
• Water build up in the process is 

alleviated.
• Energy efficiency is maximized.

• Sourcing of biogas 
feedstocks presents a 
challenge.

• Process requires more 
equipment.

• Relatively costly and 
time consuming

3 Direct Synthesis from Natural 
Gas Feed Stock

• Higher Yield of DME.
• Low production cost.
• Abundantly available feedstock

• Highly exothermic.
• Low production rate
• Higher operating 

temperature.
7



PROCESS SELECTION MATRIX
CONSIDERATIONS ALTERNATIVE 1

Methanol 
Dehydration

ALTERNATIVE 2

Indirect Synthesis 
from 

biogas feedstock

ALTERNATIVE 3

Direct Synthesis 
from Natural Gas 

Feed Stock

WEIGHT 

Economics 18 10 12 40%

Environmental 13 16 20 25%

Location 14 13 9 25%

Safety 13 13 16 10%

Total 15.25 12.5 13.65 100%
8



PROJECT PLANNING (GANTT CHART)
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MARKET ANALYSIS

10



MARKET ANALYSIS

PLANT STARTUP:

2026

2 Year Build-Time

DEMAND BASIS:

50,000 Metric Tons Per Year 
(5% of 1MM Gap)

DEMAND BASIS:

90% Utilization

11
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Methanol from 
US Gulf

• $359/Metric Ton

Dada Team 4
• 50,000 MTPY

Sell to Ford, FPT 
Power Train, 

China
• $900/Metric Ton

7

CLIENT IDENTIFICATION



PLANT LOCATION

LOCATION:

Plaquemine, Louisiana
Plaquemine Cogeneration Facility: Steam and Power

Port of Plaquemines for Cooling Water

13



RAW MATERIALS
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CHEMICAL CONDITIONS
Conditions Methanol Dimethyl Ether Water

Molecular Weight 0.071 lb/mol 0.102 lb/mol 0.039 lb/mol

Chemical Formula CH3OH CH3OCH3 H2O

Chemical Structure

Boiling Point 148.46 ° F -11.2°F 212°F

Melting Point -138.28°F -221.8°F 32°F

Flash Point 49.46°F -41.98°F -

Density 0.029 lb/in3 0.071 lb/in3 0.036 lb/in3

15



RAW MATERIALS

16

A (Methanol) C (Water)B (DME)

A B C

mol 2 1 1

Molecular Weight 
lb/mol 0.071lb/mol 0.102 lb/mol 0.040 lb/mol

lb 0.141 lb 0.102 lb 0.040 lb

lb/lb DME 3.06 lb 2.20 lb .862 lb

cents/lb $0.16 $0.41 $0.24



PROCESS DIAGRAMS

17



BLOCK FLOW DIAGRAM

R-101 T-101

T-102

18
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PROCESS FLOW DIAGRAM
DIMETHYL 

ETHER (DME)

WASTE 
WATER TO 
DISPOSAL 
FACILITY
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MATERIAL AND 
ENERGY BALANCE

20



R-101 T-101

T-102

m1=19400 lb/hr
x1A = 1
T = 77°F
P = 15 psig

m6=22400 lb/hr
x6A = .99
x6C = .01
T = 482°F
P = 225 psig

m8=22600 lb/hr
x8A = .15
x8B = .43
x8C = .42
T = 192°F
P = 160 psig

m4=13900 lb/hr
x9A = .01
x9B = .99
T = -22°F
P = 213 psig

m10=8710 lb/hr
x10A = .25
x10B = .01
x10C = .74
T = 115°F
P = 151 psig

m11 =5480 lb/hr
x11A = .01
x11C = .99
T = 194°F
P = 142 psig

m12=3130 lb/hr
x12A = .99
x12C = .01
T = 131°F
P = 225 psig

21
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MATERIAL BALANCE
STREAM CONDITIONS

Stream 
Description

Pure 
Methanol
to Pump

Pure 
Methanol 
to Mixer

Mixed 
Stream to 

P-102

Methanol 
to 

Vaporizer

Combined 
Methanol 
to Furnace

Combined 
Feed to R-

101

Reactor 
Effluent to 

Cooler

Methanol+ 
DME + Water 

to T-101

Dimethyl 
Ether 

Product

Methanol + 
Water to T-

102

Wastewater 
to Disposal

Recycled 
Methanol 
to Mixer

Steam Number 1 2 3 4 5 6 7 8 9 10 11 12

Temperature (F) 77 77 104 104 176 482 689 192 -22 115 194 131

Pressure (psig) 15 106 145 222 225 225 202 160 213 151 142 225

Methanol Mole 
Fraction

1 1 .99 .99 .99 .99 .15 .15 .01 .25 .01 .99

DME 
Mass Fraction

0 0 0 0 0 0 .43 .43 .99 .01 0 0

Water 
Mass Fraction

0 0 .01 .01 .01 .01 .42 .42 0 .74 .99 .01

Mass Flow 
(lb/hr) 19352 19352

Methanol 
22268

Methanol 
22268

Methanol
22268 Methanol 

22268

Methanol 
3374

Methanol
3374

Methanol 
97

Methanol 
3203 Methanol 97

Methanol 
3107

DME 13907 DME
13907 DME 

13776

DME
184

Water 5382Water
126

Water
126

Water
126 Water

126 Water 5307 Water 18Water
5307 Water 5327



ENERGY BALANCE
Methanol Dehydration

R-101

Temperature 689°F

R-101 Duty -1.36 × 107 BTU/hr

E-101 Duty 9.67 × 106 BTU/hr

H-101 Duty 5.40 × 106 BTU/hr

E-102 Duty -1.14 × 107 BTU/hr

DME Distillation
T-101

Temperature 86°F/114.8°F

E-103 Duty -3.39 × 106 BTU/hr

E-104 Duty 2.36 × 106 BTU/hr

Methanol Distillation
T-102

Temperature 158°F/194°F

E-105 Duty -1.18 × 107 BTU/hr

E-106 Duty 1.14 × 107 BTU/hr
23



EQUIPMENT 
DESIGN

24



REACTION 
KINETICS

• Reaction: Methanol 
Dehydration
• Reactor Type: Catalytic 

Packed Bed Reactor
• Catalyst: γ-Al2O3

• Conversion: 90%
• Exothermic Reaction

25



CATALYST: 
γ-Al2O3

26

• Operates at high pressure

• Commonly used catalyst for 

Methanol Dehydration

• High activity

• Increase temperature ensures 

increased conversion



R-101 Specifications Sheet
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T-101 Specifications Sheet
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T-102 Specifications Sheet
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ASPEN 
SIMULATION
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SIMULATION
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ECONOMICS

32



Economic Analysis
Economic Evaluation

Total Capital Investment, 106 $10.2

Annual Total Production Costs, 106 $34

Annual Sales, 106 $37

Payback Period, yrs 4.2

Return on Investment, %/year 22

Discounted Cash Flow Rate of Return, %/yr 13

Net Present Value, 106 $8

Salvage Value, 106 $1

Cumulative profit, 106 $23
33



$10.15MM

$7.02MM

$1.34MM

0 1 2

$3.90MM

3 4 5 6 7 8 9 10 11 12

$4.47MM

$3.93MM

$3.25MM
$2.59MM

$2.09MM
$1.60MM

$1.12MM
$.65MM

$.19MM

13 14 15

$.41MM

$1.09MM $.74MM
(Salvage 
Included)

TCI Cash Flow Diagram

*Assume 2% TPC Inflation Rate + Depreciation



Cash Flow
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SAFETY

36



PROCESS SAFETY HOLDING & HANDLING
HOLDING

Dimethyl Ether
• Keep away from heat
• Equipment must be grounded
• Store in a cool, well-ventilated area
• Keep away compressed oxygen or strong oxidizers
• Stored between 7-14 bar & up to 52°C

Methanol
• Methanol maximum exposure of 200 ppm (OSHA & EPA)
• Tightly closed container
• Well –ventilated area.
• Equipment must be grounded and bonded.

HANDLING

• Use of ventilators and breathing protection or local exhaust.

• The use of cold-insulating gloves.

• Oversee the use of Personal Protective Equipment (PPE).

37



SAFETY CONSIDERATIONS

38

Factor Consideration

Markings and Labelling
Clear indications of toxicity and flammability reports on equipment at the plant.

Toxicity (Exposure limits) - 1900 mg/m3, 1000 ppm. ("Dimethyl ether", 2021)
NFPA Flammability no. - 4

Waste disposal Determination of toxicity and physical properties to determine the proper waste 
classification and disposal methods.

Container disposal

Draining the containers thoroughly and venting in a safe place away from fire and 
sparks.

Critical temperature – 126.9°C ("Dimethyl ether", 2021)
Auto-ignition temperature - 350°C

Local Legislation Waste disposal in accordance with local, regional and national laws and regulations



Safety Guidelines in Accordance with Rules and 
Regulations of Plaquemine, Louisiana

Pre-Line Opening Job Preparations

• The shutting down and energy isolation of all process systems prior 
to any line opening involving process piping, equipment or vessels 
(4.1.1).

• The draining and/or depressurization of all process piping, 
equipment or vessels to ensure clearance of hazardous materials 
(4.1.2).

• Ensuring temperatures for the process piping, equipment or vessels 
have sufficiently cooled to allow for safe work (4.1.3).

Line Opening Job Planning
• The barricading of affected areas with a minimum of 10 ft radius as 

a precautionary area (4.2.1.1)

• The issuance of permits strictly by authorized personnel (4.2.2.1)

39



HAZARD ANALYSIS T-102 FEED LINE

40

No. Parameter Guideword Deviation What if? Possible Causes Consequence Safeguards Action

1 Pressure More Pressure 
increase in the 
feed line

There is pressure build 
up in the feed line 
leading into the tower

-Blockage in the 
system

- Failure of feed line 
tube
- Risk of expansion of 
column and bursting

Installation of quick-
pressure relief valves at 
strategic locations 
before and after the 
column. 

- Installation of a secondary 
pressure relief device.
- Checking maintenance 
schedule and procedures

Less Pressure 
decreases in 
feed line

There are sudden 
pressure losses in the 
streams leading to the 
column 

- Leakages in the 
system

- Insufficient reactant 
material entering the 
column

Pressure alarms at the 
feed, distillate and 
bottom streams 

- Installation of pressure gauge
- Checking maintenance 
schedule and procedures

2 Flow Reverse Backflow from 
T-102

The contents of the 
tower flow back to the 
feed line 

- Clogging and 
blockages within 
the tower

- Pressure and 
temperature increase 
in the column

- Check valve to prevent 
backflow

- determining the best 
utilization of energy from 
recycle stream while 
preventing backflow
- Following the stipulated 
maintenance schedule and 
procedures

3 Temperature More Increase in feed 
temperature

There is sudden increase in 
temperature at the feed of T-
102

- Clogging of inlet 
into tower

Subsequent increase in 
pressure, risk of explosion 
and ineffectiveness of the 
tower

- Temperature alarms at feed 
entry point. 
- Panel alarms to warn of high 
pressure or temperature

-Installation of a temp gauge
- Checking maintenance schedule and 
procedures



HAZARD ANALYSIS T-102 DISTILLATE LINE

41

No. Parameter Guideword Deviation What if ? Possible 
Causes Consequence Safeguards Action

1 Pressure More Pressure 
increase in the 
distillate line 

There is pressure 
build up in the 
distillate line 
transporting recycled 
methanol to the 
mixer

-Blockage in 
the mixer or 
further up the 
distillation line

- Failure of distillate 
line tube
- Risk of expansion 
of mixer and 
bursting. 
- Failure of mixer

Installation of quick-
pressure relief valves 
at strategic locations 
before the mixer. 

- Installation of a secondary pressure 
relief device.
- Checking maintenance schedule and 
procedures

Less Pressure 
decreases in 
feed line

There are sudden 
pressure losses in the 
stream leading to the 
mixer 

- Leakages in 
the distillate 
line

- Inefficiencies 
within the tower 
leading to less 
methanol distillate 

Pressure alarms at the 
exit of the column 
where the distillate 
line begins. 

- Installation of pressure gauge
- Checking maintenance schedule and 
procedures

2 Flow Reverse Backflow to T-
102

The contents of the 
distillate line flow 
back to the tower 

- Clogging and 
blockages 
within the line

- Pressure and 
temperature 
increase in the 
column

- Check valve to 
prevent backflow

- determining the best utilization of 
energy from recycle stream while 
preventing backflow- Following the 
stipulated maintenance schedule and 
procedures

3 Temperature More Increase in 
distillate line 
temperature

There is sudden 
increase in 
temperature at 
distillate line 
transporting recycled 
methanol

- Clogging of 
inlet into the 
mixer

Subsequent increase 
in pressure, risk of 
explosion and 
ineffectiveness of 
the tower

- Temperature alarms 
at mixer entry point. 
- Panel alarms to warn 
of high pressure or 
temperature

-Installation of a temp gauge
- Checking maintenance schedule and 
procedures



HAZARD ANALYSIS T-102 BOTTOM LINE
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No. Parameter Guideword Deviation What if? Possible 
Causes

Consequence Safeguards Action

1 Pressure More Pressure 
increase in 
the bottom 
line 

There is pressure build 
up in the bottom-line 
transporting 
wastewater to 
treatment plant

-Blockages 
within 
bottom 
line

- Failure of bottom-
line tube
- Risk of expansion 
and bursting of the 
line. 

Installation of quick-
pressure relief valves at 
strategic locations within 
the line. 

- Installation of a secondary pressure 
relief device.
- Checking maintenance schedule and 
procedures

Less Pressure 
decreases 
in bottom 
line

There are sudden 
pressure losses in the 
stream within the 
bottom line leading 
away from the tower 

- Leakages 
in the 
bottom 
line

- Inefficiencies within 
the tower causing 
deceased flow of 
wastewater from the 
tower

Pressure alarms at the exit 
point from the tower 
joining the bottom line 

- Installation of pressure gauge
- Checking maintenance schedule and 
procedures

2 Flow Reverse Backflow 
to T-102

The contents of the 
bottom-line flow back 
to the tower

- Clogging 
and 
blockages 
within the 
line

- Pressure and 
temperature increase 
in the column

- Check valve to prevent 
backflow

- determining the best utilization of 
energy from recycle stream while 
preventing backflow
- Following the stipulated 
maintenance schedule and 
procedures

3 Temperatu
re

More Increase in 
bottom 
line 
temperatu
re

There is sudden 
increase in 
temperature at 
bottom line 
transporting 
wastewater to the 
treatment plant

- Clogging 
of the line 
at various 
points

Subsequent increase 
in pressure, risk of 
explosion and 
ineffectiveness of the 
tower

- Temperature alarms at 
exit point of the tower to 
the bottom line. 
- Panel alarms to warn of 
high pressure or 
temperature

-Installation of a temp gauge
- Checking maintenance schedule and 
procedures
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WASTEWATER 
TREATMENT

• Reduce Pollutants in Water
• Negative health effects on 

life species
• Useful for all aspects of life

• Irrigation or Recreational Use
• Send Wastewater to SNF 
Holding Company

• Plaquemine Facility
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CONCLUSION

• Methanol Dehydration To 
Form DME
• 99.9% Purity DME
• 90% Plant Utilization (329 

Days)
• Collect Salvage After Year 12
• $23MM Profit, 22% ROI
• Recommend Pursuing 

Design
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STOICHIOMETRY

A CB

A (Methanol) B (Dimethyl Ether) C (Water)

lb-mol 2 1 1

Molecular Weight
lb/lbmol 32.04 46.07 18
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DIMETHYL 
ETHER (DME)

WASTE 
WATER TO 
DISPOSAL 
FACILITY

 8

P-101 A/B

E-101 

M-101

E-102cw

T-101

T-102

E-103r410a

V-101

P-103 A/B

E-106

cw

V-102

P-104 A/B

E-105
METHANOL

lps

mps

FIC

LIC

LIC

 9

 10

 11

 12

192
160

-22
213

115
151

131
225

194
142

Temperature, °F
Pressure, psig

 1

77
15

 7

689
202

R-101

cw

cw

H-101

hps

FIC

FIC

PIC

E-104

mps
FIC

FIC

 2

77
106

 

 4

104 
222

3

104 
145  5

176
225

 6

482
225

P-102 A/B

R-101
Methanol 
Catalytic 

Packed Bed 
Reactor

T-101
DME 

Distillation
Tower

T-102
Methanol 
Distillation  

Tower 

P-101 A/B 
Feed 
Pump

E-101 
Methanol 
Vaporizer 

M-101 
Fresh & 

Recycled 
Methanol 

Mixer 

E-102 
DME  

Cooler 

E-104
T-101 

Reboiler 

E-103 
T-101 

Condenser 

V-101
 T-101 
Reflux 
Drum 

P-103 A/B 
T-101 
Reflux 
Pump 

E-105 
T-102 

Condenser 

E-106 T-
102 

Reboiler 

V-102 
Methanol 

Reflux 
Drum

H-101
Fired 

Heater 

P-104 A/B 
T-102 
Reflux 
Pump 

P-102 A/B 
Combined 

Feed 
Pump

FICPIC

FICTIC

LIC

LIC

FICPIC

FICTIC

LIC

FIC

FICPIC

FICTIC

LIC

PICTIC

TICFIC



Pump Material Balance
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P-101

m1=274 kmol/hr/604.0666
x1A = 1
T = 25°C/77
P = 
1 barg/14.503773800722

m2=318.4 kmol/hr/ 701.3786
x2A = .99
x2C = .01
T = 250°C/482
P = 
15.5 barg/224.808493911191



Vaporizer Material Balance

54

E-101

m2=318.4 kmol/hr/ 701.378
6
x2A = .99
x2C = .01
T = 250°C/482
P 
= 15.5 barg/224.808493911
1

m3 = 318.4 kmol/hr 144.42 lb/hr
x3A = .15
x3B = .43
x3C = .42
T3 = 365°C 689°F
P3 = 10.4 Bar 150.839psig



Furnance Material Balance
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H-101
m4=137 kmol/hr
x4A = .01
x4B = .99
T = 30°C
P = 11.4 barg

m3 = 318.4 kmol/hr 144.42 lb/hr
x3A = .15
x3B = .43
x3C = .42
T3 = 365°C 689°F
P3 = 10.4 Bar 150.839psig



Dehydration Reactor Material Balance
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R-101
m2 = 318.4 kmol/hr 
144.42lb/hr
x2A = .99
x2C = .01
T2 = 250°C 482°F
P2 = 15.5 Bar 224.808 psig

m3 = 318.4 kmol/hr 144.42 lb/hr
x3A = .15
x3B = .43
x3C = .42
T3 = 365°C 689°F
P3 = 10.4 Bar 150.839psig

Q = 1.36 X 10 Btu/hr

CW = 12951.38 kg/hr



1st Distillation Column Material Balance
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T-101
m3=318.4 kmol/hr
x3A = .15
x3B = .43
x3C = .42
T = 89°C
P = 10.4 barg

m4=137 kmol/hr
x4A = .01
x4B = .99
T = 30°C
P = 11.4 barg



2nd Distillation Column Material Balance
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T-102
m5=181.4 kmol/hr
x5A = .25
x5B = .01
x5C = .74
T = 46°C
P = 11.2 barg

m6 =137 kmol/hr
x6A = .01
x6C = .99
T = 85°C
P = 7.4 barg



ENERGY BALANCE
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ΔHRXN 280 = -5.9 x 106 kJ/kmol

R-101

T2 = 523K
CP25 = 936.81 kJ/kmol*K
m2 = 318.43 kmol/hr
E-101 Duty = 1.44 x 107 kJ/hr
E-102 Duty = 2.03 x 106 kJ/hr

T3 = 362K
CP25 = 31875.61 kJ/kmol*K
m3 = 318.43 kmol/hr
E-103 Duty = 1.2 x 107 kJ/hr
rA = 595.58 kmol/hr



ENERGY BALANCE
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ΔHRXN 138 = -5.9 x 106 kJ/kmol

T-101

T2 = 523K
CP25 = 936.81 kJ/kmol*K
m2 = 318.43 kmol/hr
E-101 Duty = 1.44 x 107 kJ/hr
E-102 Duty = 2.03 x 106 kJ/hr

T3 = 362K
CP25 = 31875.61 kJ/kmol*K
m3 = 318.43 kmol/hr
E-103 Duty = 1.2 x 107 kJ/hr
rA = 595.58 kmol/hr



ENERGY BALANCE
Stream 1 2 3 4 5 6 7 8 9 10 11

Molar 
Enthalpy
(kJ/kmol)

-
238400 -238305 -201079 -200560 -164896 -198934 -234554 -179812 -239321 -280413 -233583

Mass 
Enthalpy
(kJ/kg)

-7440.2 -7437.2 -6275.5 -6263.1 -3579.3 -6212.3 -7324.6 -3915.0 -12513.8 -15445 -7321.9

Molar 
Entropy

(kJ/kmol*K)
-240.2 -239.9 -150.1 -148.6 -211.9 -120.2 -206.5 -244.2 -162.9 -148.7 -213.1

Mass 
Entropy

(kJ/kg*K)
-7.5 -7.5 -4.7 -4.6 -4.6 -3.8 -6.4 -5.3 -7.6 -8.2 -6.7
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R-101 Design 
Equations



R-101 Design 
Equations



T-101 Design 
Equations



T-102 Design 
Equations



T-102 Design 
Equations
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EPA & OSHA Regulations

EPA (Methanol)
• Occupational exposure 

through inhalation.
• Exposure through the ambient 

air from its evaporation during 
solvent uses.

• Acuate effects by inhalation 
and/or ingestion resulting in 
blurry vision and 
disorientation.

• Chronic effects including 
insomnia, elevated levels of 
liver enzymes and decreased 
brain weight.

EPA (DME)
• Tolerance exemptions 

that are associated with 
Dimethyl Ether (DME)

• Regulations of the 
emission standards 
associated with DME 

OSHA (Methanol)
• The sampling group
• The sampling time at 60 

min.
• The sampling volume at 

3 L or 5L when humidity 
is greater than 50%



Total Capital Investment
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Utilities
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Steam

LPS MPS HPS

$1.16MM $.355MM $.392MM

TOTAL $1.91MM/yr

Electricity

Amount Required, 
kWh/yr

1.06 x 105

TOTAL $5,000/yr

Cooling Water

Amount Required, ft3/yr 9.92 x 106

TOTAL $14,000/yr

Wastewater Disposal

Amount Required, ft3/yr 7.03 x 105

TOTAL $11,000/yr

Refrigerant, r140a

Amount Required, BTU/yr 4.10 x 108

TOTAL $5,000/yr



Materials & Labor

Raw Materials

Name of 
Material

Price, $/lb Annual Amount 
MM kg/year

Methanol .16 ~71

TOTAL $25.28MM/yr
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Product

Name of 
Material

Price, $/lb Annual Amount 
MM kg/year

DME .41 50

TOTAL $45MM/yr

Labor

Number of 
Operators per Shift

Shifts Per Day Operator Rate, 
$/hr

3 3 34

TOTAL ~$1MM/yr



EMISSIONS

71

• The use of DME reduces carbon emissions by an average of 25%.

• DME synthesis from methanol is a low carbon footprint process.

• The total final emissions are negative at an estimate of -39 ktCO2eq per year

Process stream Units Value

Methanol KgCO2eq/t -1643

Wastewater KgCO2eq/t 500



ASPEN STREAM TABLES

Stream Methanol Recycle*
DME + 

Methanol + 
Water

Methanol + 
Water DME Recycle Water

Mole Flows
kmol/hr 274 44.4 318.4 177.13 141.27 34.72 142.01

Mass Flows
kg/hr 8779.55 1416.44 10196 3687.81 6508.18 1117.85 2569.96
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