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YOUR SOURCE FOR: 
• Judging guidelines 
• Judging logistics 
• Contest schedules 

 

NEW AT THE CONTEST THIS YEAR (updated changes in Crimson) 
• Preliminary reports reviewed by judges 
• One-week turnaround time for technical report scoring 
• Separate Poster Session (evaluate the poster as a stand-alone document) 
• Judging Rubric allows for desktop teams to compete against bench-scale teams, with a special bench award) 
• Economic analysis in Techno-economic Analysis (TEA) format: requires visualization tools  
• TEA Short Course and Environmental Health and Safety Short Course offered to teams & judges 

o Both courses are optional for students and anyone involved with the contest.  
o Judges may want a refresher on TEA visualization tools. Recordings available.  

• Teams are required to post on social media and connect with their task sponsor and WERC.  
Once assigned to teams, judges may request that the teams link to their social media outlets.  

2022 JUDGES’ CONTEST HANDBOOK 
 

Make Tomorrow Greener! 
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INTRODUCTION 
Thank you for judging the WERC Environmental Design Contest! 

We depend on your experience as a professional to prepare undergraduate students for careers in engineering. You 
do not need to be an engineer to judge the contest. Your team of judges contribute to STEM education by sharing 
important insights based on your experience. Judges’ experience varies widely and may include working with 
engineers from a variety of companies and agencies, writing and reviewing technical reports, addressing government 
regulations, planning for scale-up, dealing with waste streams, and maintaining good community relations. You need 
not have experience in all of these areas. The combined experience of the team of judges is what we need to provide 
a wealth of insights for the students. 

Please approach your judging duties from the perspective of a colleague who is helping each team develop a successful 
process. Studies show that students who are treated on equal footing by more experienced professionals are motivated 
to work harder to develop the skills they need to be successful.  

We appreciate the valuable role you will play in guiding the students to the next level in their professional development! 
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JUDGING ADVICE—by HEAD JUDGE MIKE HIGHTOWER 
1. Remember that you are part of a team of judges 

a. The team includes members with different strengths and expertise  
b. Not everyone is technical or has the same focus, so judge based on your own expertise and experience – that 

will contribute to an overall balanced evaluation.  

2. Be self-consistent as you score the different teams 
a. If you are consistent, then regardless of how other judges score the teams, your scores will give an accurate 

representation of your thoughts and an accurate relative score of the team for you. If each judge does that, 
the scores will give an accurate composite score of each team’s paper, orals, poster, and bench-scale design.  

b. To help you be consistent, list the criteria you think important. This might be the judging rubric or  
5 or 6 key points, i.e. good summary, good discussion, good process description, practical process, good data, 
good performance, minimal waste, etc. With those written down, you are always grading to the same criteria.  

c. Setting forth your criteria in writing will help you more easily identify each team’s performance as below or 
above your expectations in these categories. You now have ratings on 5-6 items of whether the team was 
below or above your expectations. This will help establish consistent scoring for all teams.  

3. Make sure you have a differential in your scores. 
a. Theoretically, a task with 4 teams should have at least one team above average, one below, and two in the 

middle, more or less. Try to make sure you have some differentials in your scoring so that your scores will 
actually discriminate between the different criteria, and the different teams. If you give each team 4's in each 
category, for example, your score for each team will be exactly the same, and you have essentially eliminated 
your score from consideration since your score will be a constant.  

b. It is not uncommon to have a team that does well in one area and poor in another. Make sure that the areas 
that are good get scored well, and areas that are poor get scored poorly.  

c. Finally, be careful about where and how often you give fives. If you give the first team all fives, and the next 
team is better, you have set your scoring up for failure because you have no way to differentiate the teams.  

4. Reviewing the Report 
a. Use the above suggestions first in scoring the papers. This is your first chance to set up your scoring priorities and being 

consistent, and you will have more time to think about consistency and ensuring a good variation in your scores. 
b. The papers give a good indication of the level of detail and efforts by each team.  

 
5. Reviewing the Oral Presentation 

a. Be friendly and considerate to the teams. They will be nervous. Support and encourage them.  
b. Ask one question at a time, without 10 parts. At most, ask a question with only two related parts. e.g., What 

did you use for your cost basis, and what are the relative values of capital and operating costs for your design? 
One question, two parts. 

c. After every judge has asked a question, then you can ask a second question.  
d. Hard questions are fine, the students learn from them, but they need to be fair questions; do not argue with 

the answer, or try to show you are smarter!  
e. Ask your questions as questions. Be considerate of the teams and do not make a statement to show off your 

knowledge. e.g., “Can you explain your plan for addressing waste streams?” vs. “YOUR PLAN FOR ADDRESSING 
WASTE STREAMS WOULD NEVER BE APPROVED.”  

f. Ask questions to help teams show their knowledge, e.g., “I did not see a cost analysis in your paper or presentation. Did 
you have an idea about what your costs might be?” vs. “YOU DID NOT PROVIDE A COST ANALYSIS, HOW COME?”  

g. We want each judge to arrive at scores independently. Please do not deliberate the score among the judges until 
all teams finish the oral presentation–there will be time for this on Wednesday during award deliberations.  

6. Reviewing the Bench-scale Demonstration 
a. Students are generally more relaxed in the bench-scale presentations. Give them a chance to talk about what 

they did. They will be excited to discuss their projects.  
b. Be friendly and show respect for the students. People learn best when they are respected by their teachers.  

Be sure to bring all team members into the conversation. 
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JUDGING OVERVIEW 
• Schedule Overview (Detailed schedule on following page.) 

o November 2021 - February 2022 (and beyond): Sign up to be a judge (wercteams.nmsu.edu) 
o February 7, 2022: Registered judges are assigned to tasks, according to registration preferences.  
o February 14-28, 2022: Review preliminary reports (Allow one week to review all reports). 
o April 3, 2022: Begin scoring technical reports for your assigned teams (finish by April 11, before Orals) 
o April 10–13: Contest on-site in Las Cruces. NM Farm & Ranch Heritage Museum, 4100 Dripping Springs Rd. 

• Judging Assignments. 
o Sign up and select task judging preferences (see Task List). (Preferably before February 7). 
o Be a part of a group of approximately 6 judges per task.   
o Work with the same teams throughout the contest and guide them from your unique perspective. 

• Judging site. (https://wercteams.nmsu.edu/ ) This is where you will: 
o Register to be a judge by signing up for the 2022 contest 
o Select task judging preferences (first choice most likely when signed up by February 7)  
o Download team reports for scoring 
o Enter comments and scores 

• Preliminary Report: Judges will read each team’s Preliminary Report and suggest ways to strengthen the 
report. The goal is to help teams submit a final technical report that you will enjoy reading because it is 
thorough and complete. There is no score attached to the Preliminary Report.  
o Pay particular attention to the process flow diagrams (if applicable) and suggest improvements. 
o The report should only be a couple of pages long, but it should touch upon the primary design 

considerations (see Task Overviews) and some elements of the technical report (background, proposed 
solution, scale-up, environmental health and safety, waste streams, permitting, and community outreach).  

o Judges will email comments to the teams through the WERC judging site. This will ensure a level playing 
field for all teams by keeping your contact information confidential.  

• Judge Duties for the four scored events: 
1. Written Report—Teams submit their report by midnight April 3, 2022.  
 Download, read, and score each written report prior to the Oral Presentation (April 11). 
 Enter scores online for each rubric item. 
 Include as many comments as possible to help the teams learn after the contest.  

• Do not email your comments to the teams. They will see them online when the contest is over.  
• If the team submits a .docx file, you may include in-line comments in the report itself and 

summarize your comments in the “Comment” box provided on the WERC judging site. 

2. Oral Presentation (Business attire) 
 30-minutes each (15 for presentation, 10 for questions, 5 for team setup/breakdown).  

There is a 15-minute break between presentations to allow time for scoring and taking a break.  
 Judges will not speak during a presentation until the team calls for questions.  
 Subtract 25 points for a team that goes over time or if a faculty advisor speaks up about the 

presentation (but helping teams with logistical problems is OK). 
3. Poster Presentation. (Business attire) Posters will be judged during a dedicated Poster Session.  
 All posters will be displayed in one room.  
 Judges visit each team’s poster in groups of 2-3. Plan for a 10-15-minute visit per poster.  
 Teams will stand next to their poster, awaiting questions from judges.  

4. Bench-scale Demonstration (Laboratory/working attire) 
 Judges visit each bench-scale demonstration in groups of 2-3, spending 30-minutes per team.  
 The team initiates the discussion by giving a very brief introduction to their project. This leads to a 

two-way discussion of engineers working together to solve a problem.  
 Questions that the team could not answer during the Orals should be answered now. 

https://wercteams.nmsu.edu/
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SCHEDULE OF EVENTS 
 
Judges’ Pre-contest Duties 

February 14 – 28, 2022: Review preliminary reports and send feedback to teams (no scoring required) 
Begin scoring when reports are available. The official deadline for teams to submit the Preliminary 
Report is February 14, but a few teams asked for an extension of February 28. 

April 3 – 10, 2022: Score 25-page technical reports 

Judges’ Contest Schedule of Events April 10-13, 2022 

All events at the NM Farm & Ranch Heritage Museum, 4100 Dripping Springs Rd., Las Cruces, NM 
Sunday, April 10:  
 2:00 – 5:00 PM:  Check in* 
 5:00 – 6:00 PM:  Welcome Dinner  
 6:00 – 7:00 PM:  Opening Ceremony  
 7:00 – 9:00 PM:  Judges’ Orientation Meeting 

Monday, April 11:  
 8 AM – 8:30 AM:  Judges’ Breakfast Meeting 
 8:30 – 12:00 PM:  Judge Oral Presentations (See schedule) 
 12:00 – 1:00 PM:  Lunch Served  
 1:00 – 1:30 PM:  Judge Oral Presentations/Score Entry 
 2:00 – 3:15 PM:  Judge the Poster Session (Onsite teams) 
 5:30 – 6:00 PM:  Open Poster Session for community (mandatory team attendance) 
 6:00 – 7:00 PM:  Flash Talks (A separate set of judges; optional team participation) 
 7:00 – 8:00 PM:  Dessert Bar and Open Poster Session for community continues  

Tuesday, April 12:  
 8:00 – 8:30 AM:  Judges’ Breakfast Meeting 
 8:30 AM – 12:00 PM: Judge Bench-scale Demonstrations for onsite teams;  

                                  Judge Poster Presentations for UC Boulder teams via Zoom (See schedule) 
 12:00 – 1:00 PM:  Lunch served. 
 1:00 – 4:00 PM:  Judges’ Meeting and Score Entry.  
 4:00 – 5:30 PM:  Reception: games in the courtyard, opportunity for networking 

Wednesday, April 13: 
 10:00 AM – noon:  Judges’ Meeting: Select awards for assigned task 
 Noon – 1:00 PM:  Judges’ Lunch 
 1:00 – 4:00 PM:  Judges’ Meeting: Select awards for assigned task and “Overall” awards. 
 5:30 – 8:00 PM:  Awards Banquet and Awards Ceremony 

Schedule subject to change 
 

* For your convenience, during check in, you may check out a Samsung Galaxy tablet for use in entering scores while 
you are at the contest in Las Cruces. Alternatively, you may use your own device to log in to the WERC judging site  
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2022 Scoring Rubric    Updated 4/3/2022    Total number of points possible: 600 
 
I. Technical, Environment, Community Outreach (Written report & Oral presentation)  Points Possible 

A. Background Research 25 
B. Consideration of alternative technologies, justification for technology chosen,  30 

discussion of situations in which alternative technologies may be preferable to your team’s design 
C. Innovativeness of chosen technology 30 
D. Design thoroughness (mass & energy balances; process flow diagrams; waste stream management) 45 
E. Quality, thoroughness, and reasonable results of Techno-Economic Analysis and addressing costs of alternatives 40 
F. Design practicality (cost-effectiveness; attainable with current technology, likelihood of implementation) 40  
Local environmental health and safety 
G. Safety in construction and operation 20  

H. Governmental regulations at all levels (federal, state, local) accounted for 20 

I. Reasonableness (i.e., do not require a hard hat when there are no head trauma hazards) 20 

Natural environment 
J. Waste stream management 20 

K. Relevant agencies and permitting accounted for 20 

L. Long-term sustainability 20 

Community Outreach 
A. Effect on local area (quality of life; property values; pollution treatment or prevention) 15 
B. Plan and schedule for communication with local population  15 
C. Team connected with sponsor and WERC social media (ask WERC staff for information) 15 
D. Addresses public perceptions. (For example, overcoming public perception that direct potable reuse of water 15 

 is equivalent to drinking toilet water.) 
Total category points possible 390 

2. Technical Report + Audits  
A. Spelling and other typographical errors 5 
B. Proper grammar 5 
C. Organization (appropriate section flow, clearly marked sections, page numbers included in Table of Contents) 5 
D. Executive summary covers important points and omits non-essential information 10  
E. Appropriate balance between background research and the final design discussion 8 
F. Thorough and accurate process flow diagram (where applicable) 10 
G. Effective use of figures and tables (Figures & tables aid communication; all text & graphics are readable) 7 
H. Late reports are penalized by 25 points per day late. This will be computed internally in the Team Judging Site.  

 Audits 
I. All three audits are included (one each for topics: Economics, Health & Safety, Legal)  25 
J. Auditor credentials (appropriate to the audit topic) and objectivity (far-removed from project development.  

For example, the faculty advisor is not an appropriate auditor) 15 
K. Team’s implementation of auditor comments 20 
Total category points possible 110 

   Points Possible 
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3. Quality of Oral Presentation 

A.  Slides free of spelling and other errors 5 
B.  Slide design (appropriate amount and types of content on each slide; readability from the audience) 5 
C.  Appropriate number of slides, given the time allowed 5 
D.  Quality of speakers' delivery (easy to hear; easy to understand; talked to audience, not the floor; etc.) 10 
E.  Presentation follows prescribed schedule (ends on time; does not seem rushed) 10 
F.  Appropriateness of attire 5 
G.  Quality of answers to judges' questions 10 
Subtract 10 points for each minute over time or if there are too many presenters  
Subtract 10 points if faculty advisor speaks after the presentation begins  

 Total category points possible 50 

4. Quality of Poster 
A. Poster is free of misspellings, grammar, and similar issues.  5 
B. Poster is not overly nor under-worded 5 
C. Sufficient white space with easy-to-follow flow 10 
D. Good mix of text and graphics (graphs, tables, photos) 8 
E. Poster can stand on its own to convey information 7 
F. Poster can be read from a reasonable distance away (i.e., viewer should not have to stand six inches away to read) 10 
G. Quality of answers to judges' questions (give full points if no questions were needed) 5 
Total category points possible 50 

 
5. Bench Scale Demonstration Competition        Points Possible  

A. Apparatus solves the problem outlined in the task       25 
B. Originality and craftsmanship of the apparatus.       20  
C. Efficiency/simplicity of the apparatus design.       15 
D. Demonstrates all steps required in the task problem statement.      20  
E. Ease of use, reliability, etc.          15  
F. Apparatus is safely operated at all times         20  
G. Team clearly explains how proposed technology works       15 
H. Quality of answers to judges' questions         15 
I. Team effectively incorporates poster if/when needed      15 
J. Teams addressed questions outstanding from oral presentation      15 

(give full points if no outstanding questions)  
K. Analytical results validate claims          25 
Total Points Possible  200 
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CONTEST SCORING (This page significantly updated 4/3/22) 
 
NEW SCORING APPROACH IN 2022 
If you have judged the Design Contest in the past, please re-frame your thinking and prepare for a new 
experience. Last summer, we evaluated the old rubrics and found them to be repetitive, requiring judges to score 
the same items for multiple events. We have consolidated the scoring, now asking judges to enter their scores for 
each of these once: technical content (such as process flow diagrams), environmental issues, and community 
outreach. 
 
 
2022 Judging Rubric for First, Second, Third Prize.   

Based on the combination of the Technical Report and the Oral Presentation, judges will submit an overall score for: 
o 1- Technical Content, Environment, Community Outreach 
 

The remaining scoring categories are event-specific:  
o 2- Quality of Technical Report and Audits 
o 3- Quality of Oral Presentation  
o 4- Quality of Poster  

 
2022 Judging Rubric for Bench-Scale Competition for First, Second, and Third Prize: 
Only for teams that attend the onsite contest because these were the only teams that built a bench-scale 
apparatus. The Bench-scale Competition prizes will be determined based solely on points earned from the rubric: 

o The Bench-scale Demonstration Competition 
 

Scoring strategy for Rubric 1. Since Rubric 1 points (Technical Content, Environmental issues, and Community 
Outreach) are scored across BOTH the Written Report and Oral events, consider your strategy for scoring these 
along the way.  

o Take Notes: Keep good notes throughout both events to help you finalize your scores for this rubric and ensure 
that the team’s final score in rubric 1 reflects your impression of their work across both events. 

o Setting preliminary points:  
 You may wish to wait until after the Oral Presentations to enter scores for Rubric 1.  

 If you prefer, you may enter preliminary points for Rubric 1 while reading the technical report and 
then update it after the Oral Presentations.  

 Each time you press the Submit button, your scores will update. Scores may be updated online until 
the final Judges’ Meeting during which final award decisions are made.  

o Enter your scores: go to wercteams.nmsu.edu > TEAM; then click the Grading button for each team.  
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EVENT 1: SCORING THE TECHNICAL REPORTS 

Technical Report Overview 
Download. Download each team’s technical report from the WERC judging site (wercteams.nmsu.edu > Team) 
If you need help navigating the site, follow the “Judges’ Guide to the Judging Site.” (Appendix A) 

Deadline. Reports are scored on your own time. Please complete technical report scoring prior to the Oral 
Presentations on Monday, April 11, 2022.  

Report Formatting  
Report page limit: 27 pages, including all elements listed below, excluding the Audits. See Appendix A for 
published formatting guidelines. 

Required elements (All included in the page limit): 
 Cover page identifying the task, team number, school name, advisor(s), and team members  
 Table of contents (include page numbers in the table) 
 Executive summary (maximum of two pages) highlighting the proposed solution  
 Report body, including PFD, figures, illustrations, photographs, and graphs 
 References (No specific formatting is required, but they should be consistent within a paper) 
 Audits (Three audits: Health/Safety, Legal, Economics). Audits have no specific formatting requirements,  

but should be on company letterhead, if applicable. (Not included in the page limit) 

Scoring 
To enter your scores, go to wercteams.nmsu.edu > TEAM; then click the Grading button. 
 Scores for the rubric items that are specific to the Technical Report (Audits and Quality of Technical Report) should be 

entered online at wercteams.nmsu.edu, along with your comments. You should not need to re-visit these scores later.  
 When you score the Technical Report, you will establish preliminary scores for Rubric 1 and finalize the scores for 

Rubric 2. You will likely update the score for Rubric 1 after you meet with the teams during the Oral Presentation.  
 Each time you press the Submit button, your scores will update. Scores may be updated online until the final Judges’ 

Meeting during which final award decisions are made.  
  

Comments. Enter comments for the teams in two places (if possible): 
 In-line comments in the body of the report (if team uploaded in .docx format, add comments in “Review” mode.) 
 Comment box on the WERC judging site. Click the red “Comments” button at the top of each category to enter 

comments. The teams need to learn from these and the universities need them for ABET accreditation.  
 Make sure your comments are thorough. Because your preliminary scores for Technical Content, Environment, and 

Community Outreach will likely change as you continue to meet with your assigned teams, your comments will be 
extremely important at the end as you reflect on your evaluation of the technical reports.  

Recommendation for IEEE Proceedings. While reading each report, consider if you would recommend the report 
to be considered for publication in the IEEE WERC Design Contest Conference Proceedings. 
 The paper does not need to be perfect to be selected for the next stage of review; it only needs to have potential for 

publication, assuming that teams will correct their paper according to judges’ comments.  
 After the contest, you will be asked to serve as a reviewer for the IEEE reports in your task.  

P2/E2 Award and Freeport McMoRan’s Innovation in Sustainability Award Recommendations.  
While reading each report, make note of papers that would be most deserving of the Pollution Prevention/Energy 
Efficiency (P2/E2) Award and the Freeport McMoRan Innovation in Sustainability Award. (See Awards) 
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EVENT 2: SCORING THE ORAL PRESENTATIONS 
Oral Presentation Overview 
Timing. Oral Presentations will be back-to-back, with a 15-minute break for judges between presentations.  

Team introductions. At the beginning of the oral presentation, the team captain will introduce team members to 
the judges. 

Number of presenters. There is a maximum of four people on the oral presentation team. These team members 
may be any student who officially signs in at registration. Your judging team may elect to allow more than four 
presenters, but if it negatively affects the presentation, reduce points for quality of presentation.  

Attendees. Students, team members, and the team’s faculty advisor(s) may attend the presentations made by 
their own universities. The oral presentations will not be open to any other participating teams. 

Recording. Advisors are allowed to record the session to use as a teaching tool for their students. 

Oral Presentation Schedule 
5 minutes for setup/teardown. This includes the time required for moving onto the stage, setting up and breaking 
down displays and audio-visual equipment. 

15 minutes for the team's oral presentation. Only presenters will speak. Judges remain silent. 

10 minutes for Q/A from judges. This is a professional and friendly Q/A session. During this time, the judges work 
as advocates for the teams to help them explore implications of their designs in real-world applications. 
Questions may only be answered by the student-presentation team members, not anyone in the audience.  

15 minutes for judges to enter scores. During this time, please do not discuss your impressions of the team in 
ways that might influence the other judges’ scoring. Evaluations and comparisons of teams are reserved for the 
Judges’ Meeting on April 13. You might want to use the scoring time for reflecting upon the team’s presentation, 
jotting notes, entering scores, getting to know other judges, and asking questions about scoring guidelines. 

Scoring 
• At the beginning of the Oral Presentations, have handy the scoring rubrics for Rubric 1 and Rubric 3 (Quality 

of Oral Presentation). (Print out or access online). 

• To enter your scores, go to wercteams.nmsu.edu > TEAM; then click the Grading button. 

o Update scores for Rubric 1 

o Enter scores for Rubric 3 

• When entering comments, indicate that your comments refer specifically to the oral presentation. 

• Special awards: Note key aspects of the presentations that might fulfill requirements of the FCX Innovation in 
Sustainability Award and the P2/E2 Award. Submit recommendations to a WERC staff member.  

• Point Deductions. If applicable, on the scoring site, enter: 
o Note if the team’s faculty advisor answers judges’ questions, interjects to clarify, or distracts the team by 

sending signals. (Enter “1” in the appropriate place and the system will subtract 10 points.) Give a polite 
warning to the faculty advisor first to apprise him/her of the issue.  

o the number of minutes the team went over time. (The system will subtract 10 points per minute over) 
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List of Suggested Questions for the Oral Presentation 
1) What are your plans to overcome the community concerns related to this process? 

2) What is your approach to minimize the waste generated by your process? 

3) How would you improve your design? 

4) What are the lessons learned? 

5) Why did you choose this design? 

6) Who did the audits for you? Why did you choose them? 

7) Did the test results in your lab meet the Task requirements? 

8) Which of the contaminants was the most difficult to remove and why? 

9) What regulations (Federal and State) impacted your design the most? 

10) Were you able to obtain the desired effluent limits in your test runs? 

11) Did you have industrial partnerships or equipment donations for your project? In what capacity? 

12) In case of spills, what is your emergency containment and cleanup plan? 

13) In your process, what was the most difficult step? Why? 

14) What is the most critical path for your proposed process? How do you plan to arrive at a successful process? 

15) What makes your process outstanding relative to others which are currently available?  

 

EVENT 3: SCORING THE POSTER SESSION 
Poster Session Overview 
• As a separate event, the Poster Session is new this year. Judges will evaluate each poster based on its ability to 

convey the team’s research, data, and conclusions from their project as a stand-alone-document.  

• Teams may submit only one poster board for each task entered. Maximum poster board size: 48" X 48".  

• The posters will be displayed in one room (possibly in the bench-scale area, with all posters accessible by 
being placed near the main aisles).  

• Teams will stand beside their posters, ready to answer questions from the judges, but the posters should 
stand on their own. You should not need to ask questions to understand the poster. Judges will visit each 
poster in groups of 2-3 and spend 10-15 minutes talking to each team about their poster.  

 
Scoring 
o Have handy scoring Rubric 4 (Quality of Poster) (either printed or online). 

o Enter scores online for Rubric 4 along with your comments.  

o When entering comments, indicate that your comments refer specifically to the Poster Session. 

 
Flash Talks. After the Poster Session, judges are welcome to attend (but not judge) the Flash Talks, the Open 
Poster Session for the community, and the Dessert Bar on Monday evening.  
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EVENT 4: SCORING THE BENCH-SCALE DEMONSTRATION  

Bench-scale Demonstration Overview 

UC Boulder teams were not allowed to build bench-scale models or attend the contest in person. You will 
score them only in Rubrics 1 – 4. They will not take part in the Bench-scale Demonstrations.  

The Bench-scale Demonstration requires teams to demonstrate that their proposed solutions work. Teams build 
their bench-scale models at their home college or university and use them to hone their solutions and obtain data 
that they report at the contest. They bring their bench-scale apparatus to Las Cruces where WERC requires them 
to demonstrate that their apparatus does what they claim it does.  

Due to logistical issues (teams set up the bench-scale apparatus and run it, and WERC conducts validation tests), 
it is likely that you will not see a given team’s apparatus actively running when you arrive at their booth. In some 
cases, the team may be able to start it up to let you see it in action. In other cases, the team will only be able to 
point out features of their design and describe how the apparatus functions. Judges find that this, in itself, is very 
valuable when discussing a team’s project, and the students enjoy it immensely. 

Team setup. Students start setting up their bench-scale equipment on Sunday 2:00 PM. WERC begins handing out 
samples to teams to run on their equipment on Monday at 8:00 AM, after the team obtains its Safety Operating 
Permit. The teams’ bench-scale demonstrations are expected to be operational by Monday at 10:00 AM. WERC 
collects final samples for analysis by Tuesday at 2:30 PM.  

Bench-scale demonstration logistics. On Tuesday morning, judges will be assigned to visit each team’s bench-scale 
demonstration in groups of two or three judges. Each group of judges will spend 30 minutes visiting with each of their 
assigned teams. Faculty advisors will not be present for the bench-scale demonstration.  

The teams will give you a tour of their bench-scale apparatus. You will be able to ask them questions about design 
details and they can point to various parts of their apparatus. The teams’ posters are also on display for quick 
reference during this session, but they will not be scored at the bench-scale demonstration. 

 The bench-scale demonstrations are the students’ favorite part of the competition because they have the chance to 
show judges what they built, and they enjoy discussions with the judges.  
 

Judging considerations 
• Make sure that teams address all waste streams. For example, if the proposed process includes removal of a 

contaminant by transferring it into another media, teams should: 1) include steps to properly clean and 
discharge the media and 2) address waste stream costs. 

• Ensure that the bench-scale processes are being run safely. Although the teams go through a rigorous 
experimental safety screening, we depend on you to ensure that the teams observe expected safety 
measures. If you see hazards, bring it to the attention of Juanita Miller, WERC’s Safety Officer.  

 
Scoring 
• At the beginning of the Bench-scale Presentations, have handy the scoring Rubric 5: Bench-scale 

Demonstration Competition. (print out or access online). 

• Enter scores online for Rubric 5, along with your comments.  

• When entering comments, indicate that your comments refer specifically to the bench-scale presentation. 
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AWARDS 

Awards Deliberation 
Wednesday, April 13, 10:00 AM – 4:00 PM (lunch served) Attend the Judges’ Meeting to discuss awards.  

The morning sessions will be dedicated to discussing awards for your assigned task(s) with your team of judges. The 
afternoon session will be used for completing discussion of the task awards and discussing overall awards (P2/E2 
Award, Freeport-McMoRan Innovation in Sustainability Award, Judges’ Choice Awards) and the Terry McManus 
Outstanding Student Awards.  

 

Awards Ceremony 
Wednesday, April 13, 5:30 PM – 8:00 PM (optional). Please join us at the Awards Ceremony.  

 
AWARD CATEGORIES 
Each year, the WERC Design Contest and its sponsors award more than $25,000 in prizes: 

1. Task awards (First, Second, Third Place; minimum amounts: $2500-$1000-$500, respectively). 
The number of awards will depend on the number of entries in each task. We apply the one-half rule: No more 
than half of the entries will receive awards. For example, if there are 3 entries in one task, there will be a First-
Place award only. If there are six entries, there will be First-, Second-, and Third-place awards, etc. 
Awards are based on the judging rubric scores for each team. 

2. Bench-scale Demonstration Awards (First, Second, Third Place: $2500, $1000, $500, respectively.)  
The number of awards will depend on the number of entries in each task. We apply the one-half rule: No more 
than half of the entries will receive awards. 

3. Freeport McMoRan Innovation in Sustainability Award ($2500). Recognizes the team that creates the 
best overall innovative product, process or solution to a land management, energy, water, and/or air 
or other sustainability issue(s). The award is discussed in more detail on the following page. 

4. WERC Resources Center Pollution Prevention (P2) Award ($500) 
Recognizes the team that best utilizes the concepts of P2 (pollution prevention) and E3 (Energy, 
Environment, Economy) in their solution. The award is discussed in more detail on a following page. 

Primary considerations: Reduction/elimination of waste, greenhouse gases, hazardous materials; 
conservation of water and air; utilization of sustainable materials; energy efficiency.  

4. Judges’ Choice Award ($500). This award will be explained during the judging session. 

5. Peer Award ($250). Competing students vote on their favorite team projects. 

6. Terry McManus Outstanding Student Award. ($1000/student, according to funding). 
All participating students are eligible for the Award. Recipients chosen based on letter from Faculty 
Advisor. The award is discussed in more detail on a following page. 
WERC anticipates awarding three Outstanding Student Awards in 2022. 

7. Flash Talk competition ($1000-$750-$500-$250). Separate team of judges. We hope you can attend to see 
how well your assigned teams condensed their research into a 3-minute presentation.  
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SPECIAL AWARD CONSIDERATION: 
Freeport-McMoRan Innovation in Sustainability Award 

Freeport-McMoRan Award Overview 
Freeport-McMoRan (FCX) offers the Innovation in Sustainability Award to recognize the WERC Environmental 
Design Team that creates the best overall innovative product, process or solution to a land management, energy, 
water and/or air or other sustainability issue(s); and meets FCX’s approach to Sustainable Development and 
Resource Conservation. 
 
FCX selection criteria will focus on the final innovative solution (rather than the process of developing the 
solution), how well it addresses the sustainability issue, and the ease and practical use in a real-world setting. 

Freeport-McMoRan Award Selection Criteria 
• Potential for real-life use and implementation 

• The degree to which the proposed product, process, or solution successfully addresses a land management, 
energy, water and/or air or other sustainability issue(s). 

• Demonstration of Physical, Chemical and Ecological effects on Sustainable Development as it relates to land, 
energy, water, and/or air. 

• Energy and water use efficiency. 

• An understanding of the Operational, Environmental, and Social Impacts of Product/Solution or Method, 
including upstream and downstream issues. 

• Affordability/cost-effective operation and maintenance; quality of cost/benefit analysis including all 
sustainability elements or selections made in developing the product/solution/method. 

• Overall potential environmental, social, and economic benefits. 

Freeport-McMoRan Award Selection Process 
The Freeport-McMoRan Award focuses on the final product or solution that contributes to sustainability and is 
not intended to duplicate the process used by the WERC judges in selecting the winners for each task. Therefore, 
the Freeport-McMoRan selection process centers on the bench-scale demonstrations and the results of these 
projects as they relate to the criteria above. Although the written and oral presentations may be used to 
document project results, these items will not be specifically evaluated for the Freeport-McMoRan Award. 

Freeport-McMoRan Award Selection Schedule 
Sunday – FCX award criteria, schedule and process reviewed with WERC judges at the Sunday evening meeting. 

Monday – WERC judges review and evaluate oral presentations. Judges are encouraged to note key aspects of the 
solution presented that may be applicable to the FCX award. After the initial presentations, judges are asked to 
provide Freeport-McMoRan with an initial list of potential candidates for the FCX award. 

Tuesday – WERC judges and Freeport-McMoRan personnel will review bench-scale project demonstrations and 
poster presentations. The Freeport-McMoRan team will focus on carefully reviewing those projects that were 
recommended by the WERC judges. 

Wednesday – In coordination with Freeport-McMoRan personnel, WERC judges discuss projects and make final selection 
for the award. Freeport-McMoRan will present Innovation in Sustainability Award at the awards ceremony. 
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SPECIAL AWARD CONSIDERATION: 
Outstanding Student Award in Memory of Intel’s Terry McManus 

To honor his memory, in 2006 Intel created the Terry McManus Memorial Award to be given to a 
student or students who demonstrates the same drive Terry had. Terry loved coming to the Design 
Contest every year and seeing students who shared his drive for environmental excellence. This 
memorial award is given to a student who demonstrates a passion for the environment and has 
demonstrated this through their actions.  

Each team is given the opportunity to nominate up to 3 students among their team. They give the 
names of the nominated students to their advisor. 

Each advisor will write a nomination letter for the chosen students via a 1-page write up about 
the student and why he or she is deserving of the award. The write up should demonstrate the 
student’s commitment to environmental excellence with a passion to pursue global 
environmental improvements of the future. 

The letters are distributed to the appropriate judging team and the letters, in conjunction with 
what the judges observed, is how the outstanding student awardees are chosen. 
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SPECIAL AWARD CONSIDERATION: 
Pollution Prevention Innovation Award 
WERC Resources Center Award Overview 
The College of Engineering at New Mexico State University (NMSU) has been providing technical assistance and 
outreach on energy and environmental issues to the business, agricultural, and educational sectors in New 
Mexico since 1999. Currently, this work is led under the auspices of the Engineering New Mexico Resource 
Network (ENMRN) as the formal organizational unit for delivery of outreach and extension-related programming 
within the College of Engineering  

In 2014, the College of Engineering initiated a Pollution Prevention Innovation Award to recognize teams in the 
WERC Environmental Design Contest that best utilize the concepts of Pollution prevention (P2). P2 is any practice 
that reduces, eliminates, or prevents pollution at its source. Reducing the amount of pollution produced means 
less waste to control, treat, or dispose of. Less pollution means fewer hazards posed to public health and the 
environment. The student should consider the concept of P2 in their solution(s) and come up with cost-effective 
ways to reduce, minimize, and/or prevent pollution through improved operational processes which bring savings 
on all aspects of energy, environment, and economy.  

WERC Resources Center Award Criteria 
• Demonstration of an understanding and implementation of the following: 

o Significant reduction or elimination of wastes at their sources 
o Reduced generation of greenhouse gases 
o Reduced use of hazardous materials 
o Conservation of water and air resources 
o Utilization of sustainable materials 
o Energy efficiency measures 

• Application of environmental hierarchy: reuse, reduce, recycle, treatment, disposal 
• Adoption of “triple bottom line” concepts of environmental, social and economic benefits 

WERC Resources Center Award Selection Process 
This Award focuses on results and is not intended to duplicate the process used by the WERC judges in selecting 
the winners for each Task. Therefore, the WERC selection process centers on the bench scales and results of 
these projects as they are related to the criteria above. Although the written and oral presentations may be used 
to document project results, these items will not be specifically evaluated and considered for the Pollution 
Prevention Award. 

WERC Resources Center Award Selection Schedule 
Monday – Design Contest Judges begin the process of reviewing the Task projects. After the initial presentations, 
judges are asked to provide WERC staff with list of preliminary recommendations for the P2/E3 Award. 

Tuesday – Design Contest Judges and WERC staff review projects in the morning; Design Contest Judges finalize 
selection of Award winner late Tuesday afternoon. 

Wednesday – WERC Resources Center staff will present the Award at the dinner ceremony. 

  



 Go to Table of Contents 17 

 

2022 BRIEF TASK LIST 
DOWNLOAD FULL TASKS: HTTPS://IEE.NMSU.EDU/JUDGING/ 
 

Task 1 – Monitoring Virus Removal in MBRs 
Teams are challenged to determine a log removal value for viruses from membrane bioreactors, and then develop a 
way to monitor virus removal in near-real time during wastewater treatment. 

 

Task 2 – Carbon Conversion for the Energy Transition 
Why just capture and store CO2 from a power plant? This task challenges teams to make something useful from the 
CO2 emissions. 

 

Task 3 – Value-added Use of Copper Mining Smelter Slag 
Task will ask teams to use copper smelter slag for economically viable applications that make use of the slag’s 
advantageous properties, such as its high iron silicate content, electromagnetic interference shielding properties, and 
its potential as a pozzolanic material (when specially processed). Pozzolans are particularly important in the concrete 
industry. 

 

Task 4 – NASA Task – Lunar Regolith Dust Cleaning for Spacesuits 
Upcoming at NASA are Extra Vehicular Activities (EVAs) (walking on the moon or Mars) to help space crews better 
understand how humans can live beyond Earth. An extremely challenging issue is how to clean the very fine dust that 
accumulates on spacesuits when the crew returns to their vehicle. Dust on the suits can cause serious problems in the 
cabin environment. NASA needs a cleaning system that will remove the dust from the suits before the crew enters the 
cabin. This task would be good for students in CHME, Materials, ME, and EE. 

  

Task 5 – Controlling VOC Emissions from Produced Water Recycling 
Produced Water (PW) recycling efforts are being threatened by proposed government regulations that will dramatically 
limit VOCs (based on a “potential to emit VOCs”, not what actually gets emitted). Even though VOCs are very low in 
recycled PW, recycling operations require storage of such large volumes of water that, on paper, potential to emit 
VOCs looks large. Reducing VOCs in PW will ensure that oil companies can keep recycling water instead of pumping 
fresh ground water for their operations. 

 

Task 6 – Open Task 
Teams propose their own environmental challenge. Teams are urged to review other tasks offered at the design 
contest to ensure the level of rigor expected of an engineering design. 

  

https://iee.nmsu.edu/judging/
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2022 TASK OVERVIEWS 
Task overviews on the following pages are excerpts from the full task statements. 

TASK 1 – MONITORING VIRUS REMOVAL IN MBRS 
Problem statement: Your team will research, evaluate, and design a method that:  

• Demonstrates the virus log reduction value (LRV) that can be achieved by an MBR. This can be achieved by measuring 
reference pathogens and/or pathogen indicators in the influent and effluent from an operational MBR. Selection of 
reference pathogens/indicators must be justified by the team, and appropriate measurement methods (culture or 
molecular) must be selected. The team is not expected to design, build, or operate an MBR. Testing should be performed 
on an MBR that is in use at a local wastewater treatment facility, or (if available) an operational bench-scale system.   

• Incorporates rapid measurement of viral indicators and/or surrogates to verify that the MBR step in the treatment train 
consistently achieves the LRV described in bullet one. The monitoring process should be able to rapidly detect when the 
demonstrated LRV is no longer being achieved by an operational MBR system. 

Design requirements:  Your proposed design should provide specific details and outcomes as follows:  
• Identify and research relevant viral reference pathogens and (if needed) indicator viruses for demonstrating MBR LRVs. Select 

appropriate measurement methods (e.g., culture or quantitative polymerase chain reaction (qPCR)) for LRV determination. 

• Identify appropriate indicator virus(es) and/or surrogate parameter(s) for measuring the performance of an MBR 
with respect to the reference pathogen(s). Note that the solution may include physical/chemical measurements, 
mechanical parameters, and/or microbiological measurements. 

• Identify and research the analytical technique to be utilized to measure the indicators or surrogates.  

• Design and build a bench-scale system for near-real-time monitoring of the indicators or surrogates.  

• Indicate the measurement frequency and the amount of sample water to be utilized in the rapid measurement 
process at full scale. Provide a schematic diagram of the designed monitoring system, including how it can be tied 
into an operational water-treatment system. 

• Identify the process for alerting operators of out-of-specification conditions and determine how quickly the 
condition can be identified (an interplay of sample frequency, analytical time, and alert process).  

• Use the bench-scale system to demonstrate that your results correlate with the log removal of selected reference 
pathogens or their indicators. Test your design utilizing an MBR that is in use (e.g., at a local wastewater treatment 
facility) or, if available, a bench-scale MBR by measuring the reference pathogens and/or indicators in the influent 
and effluent from the MBR.   

• Estimate costs for full-scale deployment of the monitoring system at an operating wastewater treatment facility for 
each MBR tank. Identify any economies of scale that could be achieved when monitoring multiple MBR units (in 
practice, several tanks may be used in parallel). 

• Present a Techno-Economic Analysis (a.k.a. Techno-Economic Assessment) to construct a full-scale method for rapid 
measurement of the performance of an MBR during wastewater treatment.  

This will include your estimate of capital costs (CAPEX) and operational costs (OPEX) for a full-scale solution and 
appropriate graphical representation of your cost data. Costs should be specified on a per-tank basis. 
o Capital expenses typically include, but are not limited to, equipment, pipes, pumps, etc. Do not include costs of 

buildings and appurtenances to the treatment process.  

o Operating expenses (OPEX) should be calculated on an annual basis. In addition to other operating costs that your team 
identifies, include these operating costs: staff labor rate of $70/hour; solids disposal costs ($50/ton); energy 
requirements using an electricity rate of $0.09/kWh. 

o Visualization tools: Sensitivity analyses, etc. (Recommended:  NMSU TEA Short Course). 

• Reflect on alternative designs and situations in which those designs might be more viable than your chosen design, recalling that 
an optimal solution depends on outside factors–the “best” design may be dependent on region and may change over time. 

• Address any intangible benefits of the proposed monitoring system.  

• Address safety aspects of the wastewater collection, analysis process, chemical use, and system operation. Safety 
issues for both the full-scale design and the bench-scale demonstration should be addressed in the written report. 
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TASK 2. CARBON CONVERSION FOR THE ENERGY TRANSITION  

Problem statement 
Your team will research, evaluate, and design a way of reducing CO2 emissions from a natural gas power plant that emits 900 
pounds CO2 per megawatt-hour (MWh) by converting CO2 to a useful product.  

Your bench-scale solution will assume that the CO2 has already been captured as a 99.9% pure CO2 gas from the power plant. 
Your scale-up solution will address how your team’s product will be produced at a rate comparable to the power plant 
emissions rate.  

Design requirements 
 Your proposed design should provide specific details and outcomes as follows:  

• Design a means of converting as much of the CO2 emissions as possible from a natural gas power plant that 
emits 900 pounds CO2 per megawatt-hour (MWh). 

• Your technical report should include a complete process flow diagram showing all inputs and output and the 
stoichiometry of the balanced reaction.  

• Discuss the cost versus benefit of your technology. 

• Reflect on alternative designs and situations in which those designs might be more viable than your chosen 
design, recalling that an optimal solution depends on outside factors–the “best” design may be dependent on 
region and may change over time. 

• Present a Techno-economic Analysis (a.k.a. Techno-economic Assessment, or TEA) to construct a full-scale CO2 
emission-reduction process to treat 900 pounds CO2 per megawatt-hour (MWh) using your selected technology. 

The TEA will include your estimate of capital costs (CAPEX) and operational costs (OPEX) for a full-scale 
solution and appropriate graphical representation of your cost data.  

o Capital expenses typically include, but are not limited to, equipment, pipes, pumps, etc. Do not include 
costs of buildings and appurtenances to the treatment process.  

o Operating expenses (OPEX) should be calculated as cost per ton of CO2 removed, including, but not 
limited to, materials needed, including consumables (chemicals, sacrificial components, etc.) In addition 
to other operating costs that your team identifies, include these operating costs: staff labor rate of 
$70/hour; solids disposal costs ($50/ton); energy requirements using an electricity rate of $0.09/kWh. 

o Visualization tools: Sensitivity analyses, etc. (Recommended:  NMSU TEA Short Course). 

• Address any intangible benefits of the selected treatment process.  

• Address safety aspects of handling the CO2, waste streams, and any final products.  
Safety issues for both the full-scale design and the bench-scale demonstration should be addressed in both the 
written report and the Experimental Safety Plan (ESP). 

 
Task Rationale 
The task was specifically designed to be as open-ended as possible to allow for innovation.  
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TASK 3. VALUE-ADDED USES FOR COPPER SMELTING SLAG 
Problem Statement  
Your team will research, evaluate, design, and demonstrate a method for a smelting operation that smelts one million tons of 
copper concentrate each year, with an average copper grade of 28%. Your solution should focus on either or both: 

1. recovering economically valuable materials for copper smelting slag or  
2. producing a useful product from copper smelting slag that makes use of its unique properties 

 
Teams are encouraged to: 

• Use tonnages of copper smelting slag that meet smelting slag production rates.  
• Achieve a chemically stable state that will not leach out minerals or metals.  
• Consider the logistics/economics of recovering and transporting the material from possibly remote areas. 

• Consider making modifications to the smelting process at Freeport-McMoRan’s Miami, AZ site that would 
produce a more valuable slag.  

 
Design Considerations  
Your proposed design should provide specific details and outcomes as follows:  

• Describe how your solution makes use of the unique properties and composition of copper smelting slag.  
• Determine quantities and proportions of slag in the product and establish that your slag use rates meets slag 

production rates, based on the smelting operation described in the problem statement.  
• Develop a procedure to modify the Miami, AZ smelting process that would increase the value of the slag 

produced (optional).  

• Provide a process-flow diagram, complete with quantified inputs/outputs for the designed process.  
• Reflect on alternative designs and situations in which those designs might be more viable than your chosen design. 

• Report TCLP test results, if applicable. None of the RCRA eight metals should exceed the detection limit.  
• Report ASTM tests, if needed. For building materials, final products must pass ASTM tests for the targeted 

building material and efflorescent test, when applicable.  
• Report additional tests, as needed, to confirm the integrity and/or environmental safety of the product.  

• Identify any waste products or by-products that will be produced.  

• Present an engineering analysis on the ability to scale up the process.  
• Present a Techno-Economic Analysis (a.k.a. Techno-Economic Assessment) to construct a full-scale plant. State 

the number of expected tons processed per day. The TEA will include your estimate of capital costs (CAPEX) and 
operational costs (OPEX) for a full-scale solution and appropriate graphical representation of your cost data.  

o Include a financial analysis of any potential product salable value. Consider transportation costs.  
o Capital expenses typically include, but are not limited to, equipment, pipes, pumps, etc. Do not include 

costs of buildings and appurtenances to the treatment process.  
o Operating expenses should be calculated as $/m3 of product produced, or other units, as appropriate) 

on an annual basis for the full-scale plant including, but not limited to, materials needed, including 
consumables (chemicals, sacrificial components, etc.) In addition to other operating costs that your 
team identifies, include these operating costs:  staff labor rate of $70/hour; solids disposal costs 
($50/ton); energy requirements (cost/bbl and Kwh/bbl): research an industrial natural gas rate and state 
in $/MM BTU; use an electricity rate of $0.09/kWh. 

o Visualization tools: Sensitivity analyses, etc. (Recommended:  NMSU TEA Short Course). 
• Include a Public Involvement Plan, as applicable (See Team Manual).  

• Address safety aspects of handling the mine slag, processing equipment, and any final products.  

• Discuss the intangible benefits of the product compared with using mine slag repositories, e.g., higher stability, 
reduced footprint, salable by-product, less energy input.  
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TASK 4. CLEANING LUNAR REGOLITH FROM SPACESUITS 
Problem Statement  
Research, evaluate, design, and demonstrate a method for cleaning lunar regolith dust from spacesuits as the space crew 
enters a lunar vehicle or habitat. For full-scale deployment plans, you may assume that the cleaning will be conducted in an 
airlock similar to those in use at the International Space Station, with the added consideration of working in 1/6th gravity. At 
the contest, teams will demonstrate gravity independence by operating their equipment in multiple orientations.  

You may propose a second cleaning once the crew member is inside the vehicle/habitat (optional). This second cleaning may 
use a different process than the primary cleaning system. Note that your team’s goal should be to maximize the amount 
of dust that is removed because it is impossible to remove 100% of the regolith from the suits.  

Design Considerations  
Your proposed design should provide specific details and outcomes as follows:  

• Review available literature on the mechanical properties of lunar dust, the fundamentals of cleaning methods 
borrowed from other applications, suit materials and designs, and Apollo lessons learned. 

• Test your suit-cleaning hardware and its ability to clean dust without significant wear or damage to the spacesuits.  

• Develop, if applicable, a secondary cleaning system to be used inside the vehicle or habitat.  

• Your technical report should include a complete process flow diagram showing all inputs, outputs, and processes.  
• The cleaning process should operate independent of gravity and/or be operable in ⅙ Earth’s gravity. 
• The cleaning process should not: 

o  increase the risk of flammability in the vehicle or habitat. 
o Cause damage or excessive wear to the suit fabric 

• The design should minimize maintenance, weight, footprint, operational complexity, and cost. 
• Scale-up: For a single full-spacesuit cleaning, discuss: 

o The time needed to complete the process 
o Expected energy requirements 
o Interaction needed by the crew member, if any 
o Expected effect on the crew member during the cleaning process 

• Address containment and disposal of the collected dust; identify any waste products or by-products that will 
be produced and how they will be handled. 

• Discuss the maintenance, power usage, footprint, weight, portability of the cleaning system, and its hourly or 
daily ability to clean the suits. (Is recharge time, disposal, cleaning, etc., an issue?) 

• Conduct an engineering analysis on the ability to scale up the process and integrate it into the entry area of a 
lunar vehicle or habitat.  Since the entrance/cleaning area design has not yet been defined (and may depend 
on your team’s design), your team may assume an airlock similar to those in use at the International Space 
Station, and work in ⅙ of Earth’s gravity.  

• Present a Techno-Economic Analysis (TEA) to construct and operate a full-scale spacesuit-cleaning system for 
the entrance area of a lunar lander. The TEA will include your estimate of capital costs (CAPEX), operational 
costs (OPEX) for a full-scale solution, and appropriate graphical representation of your cost data.  

o Capital expenses typically include, but are not limited to, equipment, pipes, pumps, electronics, etc. Do 
not include costs of buildings and appurtenances in which the cleaning system will be manufactured.  

o Calculate operating expenses should be calculated as the costs for launch, based on total equivalent system 
mass. Equivalent mass considerations include consumables, repair parts, power, crew time, volume, etc. (see 
Hanford, 2008). 

o Visualization tools: Sensitivity analyses, etc. (Recommended:  NMSU TEA Short Course). 

• Include a Public Involvement Plan, as applicable (See Team Manual).  

Address safety aspects of handling the dust or cleaning equipment. Safety issues for both the full-scale design and the 
bench-scale demonstration should be addressed  
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TASK 5. CONTROLLING VOC EMISSIONS FROM PRODUCED WATER RECYCLING 
Problem statement 
Your team will research, evaluate, and design a solution to limit VOCs (represented by the presence of toluene) from a 
50,000 bbl/day produced water recycle operation to under 2 TPY.   

The produced water cannot be exposed to the atmosphere prior to treatment, and removal of VOCs can be proposed 
at any point from the well pad to the central water treatment plant. 

Design requirements 
 Your proposed design should provide specific details and outcomes as follows:  

• Base your analysis on a 50,000 bbl/day treatment facility that cannot emit more than 2 tons per year.  

• The treatment process must be a closed system.  
• Include a Process Flow Diagram (PFD) for the selected treatment process. The PFD must include mass and energy 

balances (input and output rates, reactants, and reaction rates, etc., as applicable).  
• Include VOC and SPOT analyses of the influent and effluent. Do not attempt to manipulate the SPOT parameters.   
• Demonstrate all costs. Cost must be inclusive of all waste stream disposal. Current costs for PW recycling, not 

including VOC removal, are approximately $0.25/bbl. Your solution should remove VOCs at minimal additional cost.  
• Present a Techno-Economic Analysis (a.k.a. Techno-Economic Assessment) to construct a full-scale VOC-removal 

process to treat 50,000 bbl/day of PW using your selected water-treatment technology.   
This will include your estimate of capital costs (CAPEX) and operational costs (OPEX) for a full-scale solution 
and appropriate graphical representation of your cost data.  

o Capital expenses typically include, but are not limited to, equipment, pipes, pumps, etc. Do not include 
costs of buildings and appurtenances to the treatment process.  

o Operating expenses (OPEX) should be calculated as cost/bbl of VOC-free water produced on an annual basis, 
including, but not limited to, materials needed, including consumables (chemicals, sacrificial components, etc.) 
In addition to other operating costs that your team identifies, include these operating costs:  staff labor rate of 
$70/hour; solids disposal costs ($50/ton); energy requirements (cost/bbl and Kwh/bbl): research an industrial 
natural gas rate and state in $/MM BTU; use an electricity rate of $0.09/kWh. 

o Visualization tools: Sensitivity analyses, etc. (Recommended:  NMSU TEA Short Course). 
• Identify and address the fate of any waste products generated by the PW treatment technology.  
• Reflect on alternative designs and situations in which those designs might be more viable than your chosen 

design, recalling that an optimal solution depends on outside factors–the “best” design may be dependent on 
region and may change over time. 

• Include a public involvement plan, as applicable (see Team Manual).  
• Document success in improving energy efficiency, pollution prevention, and/or waste minimization, as it applies 

to your project to qualify for the P2E2 Award. Place this in a separate section of the report. 
• Address any intangible benefits of the selected treatment process.  
• Address safety aspects of handling the raw produced water, volatiles, and any final products. 

Safety issues for both the full-scale design and the bench-scale demonstration should be addressed in both the 
written report and the Experimental Safety Plan (ESP) 

Table 1. The bench-scale apparatus shall treat water of the following chemistry  
Water phase Amount per liter of synthetic 

 DI water 750 mL 
Sea Salt* 120 g 
Oil phase Amount per liter of synthetic 

 TrueSyn 200 I**, **** 92 mg 
Toluene (Represents VOCs) 50 mg 
Solid phase Amount per liter of synthetic 

 Fine-grade Arizona Test Dust (Medium Grade)***, **** 50 mg 
Sodium Bentonite Drilling Clay (AquaGel by Baroid Industrial 

 
50 mg 
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TASK 6. OPEN TASK OVERVIEW 
Problem Statement 
Your team will identify a real-life environmental- energy- or water-related challenge in an emerging technological area, 
design the solution to the problem, and identify the market for your solution. Your team will build an apparatus to 
demonstrate a bench-scale version of your proposed solution, evaluate the cost of building and operating a full-scale 
version of your proposed solution, and consider regulations and implications for implementation of a full-scale solution.  
 
Design Considerations 
Your proposed design should provide specific details and outcomes as follows: 
• Describe the product or process and explain why it is valuable to society and the environment.  

• Discuss the advantages and disadvantages of your solution versus both current technologies and other 
possible approaches (consider cost, ease of operation, elegance of design, waste minimization, energy efficiency, etc.). 

• Reflect on alternative designs and when those designs might be more viable than your chosen design (Optimal 
solutions depend on outside factors–the “best” design may be dependent on region and may change over time.) 

• Create an experimental apparatus to demonstrate your process. 

• Identify an analytical testing protocol which may be used to evaluate your solution and share this with the WERC 
staff in your Preliminary Report.  

• Present a business case for your technology, including potential incentives from appropriate levels of government 
and supporting economic metrics.   

• Provide a process-flow diagram, as applicable, complete with quantified inputs/outputs and mass and energy balances. 

• Present a Techno-economic Analysis (a.k.a. Techno-economic Assessment, or TEA) to construct a full-scale operation 
for your chosen technology. The TEA will include your estimate of capital costs (CAPEX) and operational costs (OPEX) 
for a full-scale solution and appropriate graphical representation of your cost data.  

o Capital expenses typically include, but are not limited to, equipment, pipes, pumps, etc. Do not include costs of 
buildings and appurtenances to the treatment process.  

o Operating expenses (OPEX) should include, but not be limited to, materials needed, including consumables 
(chemicals, sacrificial components, etc.). In addition to other operating costs that your team identifies, include these 
operating costs: staff labor rate of $70/hour; solids disposal costs ($50/ton); energy requirements using an electricity 
rate of $0.09/kWh. 

o Visualization tools: Sensitivity analyses, etc. (Recommended:  NMSU TEA Short Course). 

• Estimate the capital costs (CAPEX) to build a full-scale plant. This includes, but is not limited to, equipment, 
buildings, land use, construction costs, engineering mark-up, etc. 

• Estimate the operating costs (OPEX) (calculated as $/m3 of product produced, or other units, as appropriate) on an annual 
basis for a full-scale plant, including, but not limited to, any consumables used (chemicals, sacrificial components, etc.), labor, 
and energy requirements assuming industrial electricity rates.  

• Include a financial analysis of any potential product salable value. Note that plant location in reference to raw materials 
and final consumers will have a major impact on the cost of the final product. 

• Document success in improving energy efficiency, pollution prevention, and/or waste minimization, as it applies to your 
project to qualify for the P2E2 Award. Place this in a separate section of the report. 

• Discuss your plan’s adherence to appropriate federal (USA), state and local laws and regulations. Attend WERC’s webinar for 
helpful tips for addressing regulatory issues. (See website or email us for webinar info.) 

• Include a Public Involvement Plan, as applicable (see Team Manual).  

• Identify the hazards of the proposed solution and approaches to mitigate the issue. 

• Address safety issues in both the written report and the Experimental Safety Plan (ESP). Attend WERC’s webinar for 
helpful tips for addressing health and safety issues. (See website or email us for webinar info.) 

• Discuss the intangible benefits of the product or process. 
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APPENDIX A. JUDGES’ GUIDE TO THE JUDGING SITE: WERCTEAMS.NMSU.EDU 
 

This is where judges: 
A. Register up to be a judge 

1. For your first time in 2022 at wercteams.nmsu.edu, click the green button: “Faculty and Judges: Sign up 
for the 2022 contest.” On the next page, click the radio button “Judge.” Complete your personal 
information, including email and password. 

2. After receiving the notice that you signed up successfully, log in with your email and password.  

3. A returning judge will sign up for each new contest. Many items from your previous profile have been 
saved. Please update your bio and photo and complete all items.  

4. Signing up gives you access to scoring for all teams assigned to you. You will not be able to see other judges’ scores.  

B. Complete a profile 
1. Your profile must be complete before you can gain access to score teams.  
2. Indicate order of preference for judging tasks 
3. Upload a photo and enter a bio to be published in the event guidebooks. 
4. Indicate size preferences for clothing (t-shirt and jacket or vest). Note that “Gender for style” refers to 

Ladies cut (narrower at the waist) or Men’s cut (more generous at the waist).  
5. Indicate dietary restrictions and meals you plan to attend. 
6. Enter emergency contact information (very important while on-site at contest). 
7. Enter mailing address. 
8. Enter demographics. 
9. When completing the profile, you may click “Save and Submit” or “Save and Finish Later.”  

a. Success will be indicated by a pop-up window, “Your information has been saved successfully.” 
b. If you click Save and Submit and a required item is missing, a pop-up window will tell you which item is missing.  

10. The profile can be changed at any time after it is completed.  
11. Confirm your account: You must go to your email to confirm your account before you can judge teams. 

C. Find judging assignments.  
When you receive email that judging assignments have been made, you may view your assigned teams: 
1. Log into your account and click on “TEAM” 
2. The teams you will be scoring will be on that page, along with each team’s required reports.  
3. Team reports are accessed by clicking the blue buttons (Preliminary Report, Written Report) 
4. If the button contains a red X, the team has not yet submitted the assignment.  
5. If the button contains a green checkmark, the assignment is ready for scoring. 
6. Reports will not likely be ready until the due date for the assignment.  

D. Read reports 
After the report due date (you can check for reports earlier, but they will not likely be there): 
1. Log into your account and click on “TEAM” 
2. Look for assignments with a green checkmark on the blue button. They are ready for scoring. 
3. Click on the button that is ready for scoring. 

a. The report will appear in a new browser window. You may read it from there or 
b. You may download the report, if you prefer.  
c. If it is a .docx file, please consider downloading it and making comments in Review mode.  

4. To score the report, click on the red “Grading” button.  
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E. Score reports–Finding the scoring panel 

When you are ready to score a report for a specific team 
1. Log into your account 
2. Click on “TEAM” 
3. Click the red “Grading” button within that team’s scoring box 
4. The scoring window will open showing the team’s name.  
5. Below the team’s name is a drop-down menu that lets you select which items to score.  
6. Click on the event in the drop-down that you wish to score and it will take you to that scoring rubric.  

This year’s options: 
a. 1-Technical, Environment, Community Outreach (Written and Oral Presentation) 
b. 2-Quality of Written Report & Audits  
c. 3- Quality of Oral Presentation  
d. 4- Quality of Poster  
e. 5- Bench-scale Demonstration Competition (for all teams except UC Boulder teams) 

 

F. Scoring the reports–Enter scores 
a. Begin scoring the report by clicking the radio button corresponding to your chosen score.  
b. “Save and Submit” often. The WERC judging site has strict time limitations (beyond our control).  
c. When finished, click “Save and Submit” 
d. Wait for a confirmation that the scores were saved 
e. You may go back later and change the scoring at any time before the cutoff deadline.  
f. Click on the Crimson “Comment” button to enter detailed comments 

a. Enter extremely detailed comments to help schools use the contest to meet ABET Requirements 
b. See below for ABET’s list of student outcomes that universities must demonstrate 

 
G. ABET Student Outcomes–Please address these points in your comments, if possible. 

1. ability to identify, formulate, and solve complex engineering problems by applying principles of 
engineering, science, and mathematics 

2. ability to apply engineering design to produce solutions that meet specified needs with consideration of 
public health, safety, and welfare, as well as global, cultural, social, environmental, and economic factors 

3. ability to communicate effectively with a range of audiences 
4. ability to recognize ethical and professional responsibilities in engineering situations and make informed 

judgments, which must consider the impact of engineering solutions in global, economic, environmental, 
and societal contexts 

5. ability to function effectively on a team whose members together provide leadership, create a 
collaborative and inclusive environment, establish goals, plan tasks, and meet objectives 

6. ability to develop and conduct appropriate experimentation, analyze and interpret data, and use 
engineering judgment to draw conclusions 

7. ability to acquire and apply new knowledge as needed, using appropriate learning strategies. 
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APPENDIX B. MANUSCRIPT PREPARATION GUIDELINES GIVEN TO TEAMS 

1. Page limit: 27 pages, including report cover page, table of contents, executive summary, report body, figures, 
tables, and references. The audits are not included in the page count.   

2. Page order: 
• Cover page 
• Table of Contents 
• Executive Summary 
• Body of Paper 
• References 
• Audits 

3. Cover page (Title page):  
• Title: 2" top margin, 1” minimum side and bottom margins, 14 pt. type 
• Center: 12 pt. type. School name, team name, optional logo, task number, advisor and team member names 
• Spacing between title entries (school name, team name, etc.): 1.5 line 

4. Table of contents 
• All margins:  1" minimum 
• Type: 12 pt.  
• Justification: Left and right justified. 
• Spacing: 1.0 – 1.5 lines, as appropriate to your format 

5. Executive summary and body of paper 
• All margins:  1" minimum; left justified with ragged right edge 
• Spacing: 1.5 lines 
• Type: Title: 14 pt.; Body: 12 pt.  
• Page number: Maximum of two pages for executive summary. Try to limit it to one page of mostly data and 

findings.  

6. Footers: Required on each page   
• School name and task number: Centered 
• Page number: Centered below school name and task number 

7. Headings 
• Title: Center, upper case, bold; 14-point type 
• Major Headings: Left justify, upper case, bold; 12-point type 
• Subheadings: 1 tab (5 spaces); bold, 12-point type 
• Sub-subheadings: 2 tabs (10 spaces); underline, 12-point type 
• Leading below headings: no more than 6 points. (Leading=vertical distance between lines of text) 

8. References 
• In text: Use superscript numbers when referring to references in the text. 
• Reference list: List and number all bibliographical references at the end of the paper. 

9. Equations  
• Variables: Italicize variables in equations. 
• Placement: Center equations; right-justify equation numbers and enclose the numbers in parentheses. (Hint 

for aligning these: enter equation and its number in a 1-row, 2-column table) 
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10. Figures and Tables 
• Numbering: Number figures consecutively and refer to them in the text, as appropriate (Figure 1, Figure 2, etc.) 
• Captions: left-aligned below the figure/table; Include figure/table number, end with a period; the description in 

sentence case. 
• Clarity: All lines and images within a figure should be sharp and easy to read. Include a legend where needed. 
• Legibility: All lettering should be large enough to be readable (minimum 10-pt. text) 
• Size: Illustrations should fit on an 8.5" X 11" page (with proper margins). Be sure all elements are readable.  
• Placement: Figures and tables should be placed in the document in the order in which they are referred, closely 

after (not before) the reference.  

11. Symbols and Abbreviations 
• Standard: Use only standard symbols and abbreviations in text and illustrations. 
• Defining: Define all abbreviations the first time of use by stating the full name and adding abbreviation in 

parentheses (even if you think the abbreviation is obvious, define it–it may not be obvious to every reader).  
 

12. Audits 
• Format: Audits have no specific formatting requirements, but should be on company letterhead, if possible. 
• Voice: Auditors should format their audit in a professional manner that is appropriate to their field of expertise.  
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