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[bookmark: _heading=h.30j0zll]Executive Summary
	This project focuses on Kennesaw State University’s Stingers Dining Hall located on the Marietta campus. After visiting the dining hall and talking with management, we decided to work on the dish room specifically to optimize the space for better usage and decrease the dish cycle time to get dishware back out onto the floor faster. The dish room has had an overflow of extra items such as carts and storage that are not needed there and has problems with getting completely dry plates out onto the floor. 
	For our study, we are implementing six sigma methodology, specifically, DMAIC (Define, Measure, Analyze, Improve, Control), to outline our problem. We defined our problem as Stingers having wet plates on the plate racks moving out onto the floor and inefficient flow in the dish room. We measured this by doing a motion time study of the dish cycle time. We conducted a survey sent out to students asking questions about dining hall usage and dishware preferences/issues. We analyzed creating a system flowchart, simulating the current process to create alternative solutions, used the survey results to make statistical inferences, conducted economic analysis on water usage, disposal costs, and compare costs of possible solutions, and conducted informal interviews with dining hall staff from both of Kennesaw’s campuses including management.  For improve, we have suggested solutions such as increasing signage to remind students to clean plates before returning them to dish return which helps decrease time in the dish cycle, an under-the-counter dish machine that could solely be used for plates while the current machine is used for pots, pans, and other large items, and a reconfiguration of the dish room to create more space to improve the process flow.  For control, we suggest that dining hall staff use the 5S methodology which helps create a more organized and productive workspace. 
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Chapter 1 – Introduction
[bookmark: _heading=h.3dy6vkm]1.1 - System Overview
[image: ]
Figure 1: Plate Process
Figure SEQ Figure \* ARABIC1: Plate Process

The Stingers dining hall opened in July 2010. It feeds hundreds of students each day, being open seven days a week during the fall and spring and five days a week during the summer. There are three distinctive working sections at the establishment. There are the employees who work on the floor, those who work in the kitchen and those who work in the dish
 room. Currently the dish room has three hired employees who work full-time positions. The only other help in the dish room are the student assistants, who more than triple actual dish room employees in number with eleven of them on the schedule. 
In 2020, during the pandemic, the dining hall put away all the dishes and silverware on the floor and began using only paper products. Now trying to get back to the way things were, the dining hall is using reusable plates again. Bringing the plates back has been a tough adjustment for the usually understaffed dish room. The dish room is the main hub of the dining hall - with every dish used, whether on the floor or in the kitchen, having to be washed in there. Our goal is to optimize the space in the dish room and improve the current process used to get dishes washed and back on the floor.
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[bookmark: _heading=h.1t3h5sf]Figure 2: Layout of Stingers Dish Room
[bookmark: _heading=h.4d34og8]1.2 - Objective and Justification 
Our goal is to optimize the space in the dish room to use it to its full potential. Now that plates are back in the dish room, the space that used to be open is full. Plates are supposed to be dry before going out on the floor for visitors to use but without the room to sit them somewhere to dry, they often are put out wet. Wet plates, and dishes in general, are an issue because bacteria can grow on them, and wet plates are slippery which increases the chance of them falling and breaking.
[bookmark: _heading=h.2s8eyo1]1.3 - Project Background
The plates are a big issue that will only get bigger if not solved soon. As someone who worked in the dining hall before COVID-19, I can say that plates are only the beginning. The goal for the dining hall is to be back to full reusable dishware. There is already little room for plates so imagine how hectic things will get when cups and silverware are added back. We want to solve the plate issue and later as the dining hall tries to add back other reusable items, they can use our plan as a basis.
[bookmark: _heading=h.17dp8vu]1.4 - Problem Statement 
The space optimization of the dish room in the Stingers Dining Hall on the Marietta Campus of Kennesaw State University is our goal for this project. We hope to create more space for plates to dry and facilitate overall traffic flow of the dish room. The solution we produce hopefully will be able to be applied to any further reusable item reintegration done in this dining hall and others.
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Figure 3: View of Area Next to Dish Return          Figure 4: View of Exit for Stinger's Dish Room Dishwasher [image: A picture containing indoor, floor, cluttered, worktable
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Figure 5: View of Left Corner of Dish Room with Dish Return
Figure SEQ Figure \* ARABIC5: View of Left Corner of Dish Room with Dish Return
Figure SEQ Figure \* ARABIC3: View of Area next to Dish Return

Figure SEQ Figure \* ARABIC4: Plate Exit for Stinger's Dish Room Dishwasher



[bookmark: _heading=h.26in1rg]Chapter 2 – Literature Review
Through our research, we found many resources that cater to our dining hall problem. 
[bookmark: _heading=h.lnxbz9]2.1 - Lean Methods and Six Sigma in a University or Service Industry Setting

“The application of water footprint and six-sigma method to reduce the water consumption in an organization” 
The six-sigma method DMAIC was utilized as their guideline to figure out how to reduce the water footprint at their university. After doing analysis, they recommended the improvement and control measures of DMAIC to the university which should lead to a reduction in water consumption and maintain sustainability. This resource is beneficial to our senior design project as it shows six sigma methodologies being used to implement changes in a university structure.
“USE OF LEAN SIX SIGMA TOOLS TO IMPROVE THE CUSTOMER SATISFACTION AT A CAMPUS DINER: A CASE STUDY”
Students used six sigma methodology to study the service quality characteristics of their university’s cafeteria to improve customer satisfaction and generate more revenue. They specifically used DMAIC as a guideline to find sources of the problems and also used survey methodology to collect data. A fishbone diagram was created to highlight which problems were prevalent in customer dissatisfaction. This resource is beneficial since it shows six sigma methodology being used to highlight issues and give recommendations in a university cafeteria. They listed replacement logistics as a cause on their fishbone diagram which includes plate and cutlery availability. This relates to our project as we are trying to understand how to improve that aspect in the cafeteria.
“How to Implement Six Sigma Methodologies in Your Restaurant”
This article talks about how the six-sigma method DMAIC could be used to make sustainable improvements at restaurants. This could help with things such as improving order accuracy, quality, and reducing errors as a team to then increase customer satisfaction. This resource is beneficial as it shows how six sigma can be applied outside of manufacturing. The operation of a restaurant is similar to the operation of a school cafeteria except on a smaller scale.
“Waste reducing efforts in the kitchen area of the hotel industry using lean management (a case study of XYZ hotel in Bogor)”
This source talks about how the production activities in hotel kitchens produce waste and they do a study of applying lean management principles to possibly make it sustainable and optimize resources. They used principles such as value stream mapping and 5S to prepare and implement ideas. Overall, they found that implementing some of these principles optimized the kitchen area. This resource is beneficial as it shows how lean principles can be used in a service industry’s kitchen.
“Impact of plate shape and size on individual food waste in a university dining hall, Resources, Conservation and Recycling”
This was a response to my coworkers. When asking for suggestions on the project issue, one of them said that smaller plates would be better since then we could fit more in a plate rack and thus be able to dry more plates at one time. They also said it would probably save on food waste. This article did say that smaller plates would reduce food waste, but I feel the plates at the dining hall are already smaller than most buffet restaurants (I will measure them to compare). Also, that does not account for people getting seconds which I feel would just increase the number of plates that need to be washed.
[bookmark: _heading=h.35nkun2]2.2 - Facility Layout and Design in a Service Industry Setting

“Design and Layout of Foodservice Facilities”
This source talks about the design and layout of food service facilities such as hotels, chains, restaurants, and institutions. The author discusses all steps and things to think about when designing a layout such as the preliminary planning, design principles, doing a space analysis, equipment layout, and foodservice layout and designs. This source of information caters towards our project since are we planning to suggest a new dish room layout to the dining hall and these guidelines of how they do so in other industry settings will be helpful.
“Increase Productivity by Eliminating Waste and Using Systematic Layout Planning in Airline Catering Service”
This source studies the company’s problem of keeping up with flight demand due to issues in the dishwashing area. They are implementing the DMAIC methodology to analyze and develop an alternative layout which would allow an increase in productivity. This resource is beneficial as it shows how to use DMAIC with customer satisfaction and increasing productivity levels in mind, which is a goal for our project. 
” Dish room Renovation”
Even though this article is older, the dish machine in the picture looks more efficient than the one used in the dish room currently. Maybe we should get a more curved exit landing for the machine so we can have more room for other dishes to come through. The article also states that they observed the dish room several times when designing just so they can make sure the new design was efficient and worked best for all parties involved. Maybe we should observe the dish room closer.
“Multi-objective optimization through Differential Evolution for restaurant design”
This is an example of using a multiple-objective optimization algorithm. They use it to figure out the best layout for a restaurant.
[bookmark: _heading=h.1ksv4uv]2.3 - Employee and Customer Satisfaction

“How Team Emotions Impact Individual Employee Strain Before, During, and After a Stressful Event: A Latent Growth Curve Modeling Approach”
The article could be used to understand how to encourage and persuade change to higher ups. Stress in the dish room can lead to overall stress of team. Elevated stress can lead to people quitting and the dining hall is already short-staffed as it is.
[bookmark: _heading=h.44sinio]2.4 - Process Improvement in Service Industry

“Beyond interaction: customer influence on housekeeping and room service work in hotels”
This article speaks on housekeeping in hotels, but the dishwashers are like the housekeeping of the dining hall. Also, the article highlights the lack of a specific process for cleaning the rooms but there is a specified outcome. That is a problem in the dish room as well. The outcome is cleaning the dishes, but everyone goes about it differently and I think one standard process would be beneficial.
“Lead Time Reduction at Rudolph Foods”
This report was written recently and uses aspects of DMAIC methodology that we are also using. This resource also served as a guide for how to best format our report as well.
[bookmark: _heading=h.2jxsxqh]2.5 - Dishwasher Sustainability and Cleanliness

“Dishwashers: Literature review to summarise the multi-dimensionality of sustainable production and consumption”
This article talks about dish machines in homes and their possibly positive affect on the environment. The most interesting thing to me was the fact that they acknowledge dish machine that dry the dishes. Cannot believe I did not think to just get a dishwasher that dries the dishes. For a service industry setting, drying industrial dishwashers can cost up to $74,000.
“Hygiene in commercial dishwashing – a review about the state of knowledge in research, standardization, regulation and market information”
This is mostly informative on the temperatures necessary for a dish machine to kill a certain number of microorganisms. This information could be used to bring up the idea of a new dish machine. Also, it speaks on guidelines for letting food residue dry on plate surfaces. If the dish room gets backed up, then pans or plates could be sitting there for hours so a process for the whole dish room to keep that from happening could be necessary.
[bookmark: _heading=h.z337ya]2.6 - Paper vs Ceramic Plates

 “A Life-Cycle and Economic Analysis: Paper Versus Ceramic Plates in the Barn Restaurant”. 
This report covers the Life Cycle Analysis of Paper versus Ceramic plates for a restaurant. Life Cycle Analysis considers the environmental, economic, and social attributes of a product so this information can be used to help us calculate the value of paper and ceramic plates in the Stingers Dinning Hall. In addition, this report can help us make the case for more sustainability efforts on campus.
[bookmark: _heading=h.3j2qqm3]2.7 - Alternative Solutions
Research shows that there are many ways to improve a process in a university or service industry setting such as life cycle analysis and different lean and six sigma tools. Our team was focused on implementing the DMAIC methodology which sources say is still impactful but there are other lean tools we can look at such as value stream mapping and 5S. Seeing these tools used across various service industries will help us understand how to use them at the dining hall in a different view. 


[bookmark: _heading=h.1y810tw]Chapter 3 – Methodology and Approach
[bookmark: _heading=h.4i7ojhp]3.1 - Problem Solving Approach
DMAIC Methodology
The DMAIC Methodology is an improvement strategy used to improve processes. DMAIC represents the five actions: Define, Measure, Analyze, Improve, Control. In the Define step, we identified the problem at hand, as well as the opportunities for improvement for the project. For our Control step we will be using 5S. DMAIC in the Stinger’s Dining Hall dish room allow us to best share practices by using resources we already.  
Define: Wet plates on the plate racks / inefficient flow in Stinger’s Dining Hall dish room
Measure: Time study & Survey results
Analyze: Flowchart, Simulation, Survey, Interviews, Water Usage
Improve: Complete a reconfiguration of the Dishroom
Control: 5S 
Seiri/Sort: Remove carts that take up space
Seiton/Set in order: Reorganizing the racks and rolling carts
Seiso/Shine: Student campaign to clean plates before placing on the dish return
Seiketsu/Standardize: Using separate storage space for unused carts
Shitusuke/Sustain: Ensure signage for students and staff to clean as much off dish before sending to dish room for washing
[bookmark: _heading=h.2xcytpi]3.2 - Design Requirements and Specifications
The team design and process improvement plan for the Stingers Dining Hall shall:
Optimize space for the dish room to hold (4) plate racks to dry plates. 
Reduce the number of plates that need to be hand dried by 10%.
Optimize space for the dish room to fit at least (2) big carts for holding dishes used in the kitchen. 
Optimize space for the dish room to fit at least at least (3) small carts for holding dirty dishes by the sink.
Reduce the number of wet plates that go out to dining floor by 10%.
Reduce time for plate cleaning and return to dining floor cycle by 80 seconds.
Include Stingers Dining Hall staff input and feedback 
Provide sustainable and eco-friendly alternatives to current dining hall processes and purchasing
Increase number of empty racks available on dish return for customers put plates after use
[bookmark: _heading=h.1ci93xb]3.3 - Responsibilities and Gantt Chart

[bookmark: _heading=h.3whwml4]Since our last presentation, we have been focused on collecting data. We created a survey for the student body so we could see if they prefer paper or real plates. Also, to see what percentage of students have received a wet plate before since we want this number to decrease. A time motion study was also conducted so we can have official data to use during our simulation. We did four trials on two different days, Saturday and Sunday. We would have liked to get the times from more busy days but on busy days there is no time for it. We continue to research and investigate prices for our alternative solutions.
Figure 6 below is the Gannt chart for our team. We have separated it by each presentation and report review. For the FDR (Final Design Review), we split the tasks on the Gannt chart by creating the senior design expo poster, continuing economic analysis, creating the YouTube video, meeting with professors and dining hall management for feedback and questions, the FDR report, and the FDR presentation. We have specific tasks listed in our work breakdown structure. 
[image: ]
[bookmark: _heading=h.2bn6wsx]Figure 6: Gannt Chart for Final Design Review
Table 1 below is the work breakdown structure for the FDR. This shows the specific tasks completed by each team member.
[image: ]
Table 1: Work Breakdown Structure
[bookmark: _heading=h.qsh70q][bookmark: _heading=h.3as4poj]3.4 - Budget 
	Table 2 below represents the budget for our team. Since the software and other resources that we use are freely accessible to us, we are calculating the budget based on an hourly pay of $25 per individual and by tasks. For the IDR we amounted to 13.5 hours, for the PDR we amounted to 26 hours, for the IPR we amounted to 16 hours, for the CDR we amounted to 28 hours, and for the FDR we amounted to 26 hours. Overall, we amounted a total of 102.5 hours and $2737.50 towards the budget. 
[image: ]
Table 2: Work Hours by Task
Table  SEQ Table \* ARABIC 2: Work Hours by Tasks

[bookmark: _heading=h.1pxezwc]3.5 - Resources
	For this project, we use software and hardware such as Microsoft Excel, Word, and PowerPoint, Arena Simulation, Minitab, and smartphones. Microsoft Excel is used for data management of survey analysis and motion time studies. Microsoft Word and PowerPoint are used for the class reports and PowerPoints. Arena simulation is used for simulating current and alternative processes and solutions in the dish room. Minitab is used for statistical analysis of survey data. Smartphones are used for pictures and communication.  We also communicate with different professors in the Industrial and Systems Engineering department to aide in our project. These professors are Dr. Adeel Khalid, Dr. Greg Wiles, Dr. Lois Jordan, and Dr. Robert Keyser. 


[bookmark: _heading=h.49x2ik5]Chapter 4 – Survey Analysis
[bookmark: _heading=h.2p2csry]4.1 – Survey Questions
	We created a survey to understand and collect data on students’ experience in the dining hall asking questions about their frequency of attending the dining hall and usage of dishware. We also asked whether they attended Kennesaw State during the pandemic as that is when the dining halls made a switch to paper dishware temporarily. Respondents who answered “No” to question 4, skipped question 5 as they would not be able to answer. Below are the 13 questions asked in the survey along with the selection choices.
What is your classification? 
Freshman, Sophomore, Junior, Senior
Do you live on campus?
Yes (Marietta), Yes (Kennesaw), No (I commute)
Do you currently have a meal plan?
Yes (Residential), Yes (Commuter), No (I do not have a meal plan)
Did you attend Kennesaw State University during the pandemic? (January 2020-May 2022)
Yes, No
Did the pandemic affect you going to the dining hall?
Yes (I completely stopped going), Yes (I started going less), No (I continue to go the same amount)
Did you eat at the dining hall in the past? (Before Fall 2022 Semester)
Yes (Stingers dining hall on Marietta Campus), Yes (Commons dining hall on Kennesaw Campus), Yes (Both campus dining halls), No (I did not eat at the dining hall)
How often did you go in the past?
Several days a week, Once a week, Every couple of weeks, Never, Other
Do you eat at the dining hall currently? (During Fall 2022 Semester)
Yes (Stingers dining hall on Marietta Campus), Yes (Commons dining hall on Kennesaw Campus), Yes (Both campus dining halls), No (I did not eat at the dining hall)
How often do you go currently go to the dining hall?
Several days a week, Once a week, Every couple of weeks, Never, Other
Do you prefer the dining hall use paper dishware (paper plates, plastic forks, paper cups) or reusable dishware (glass/metal plates, silverware, cups)?
paper dishware (paper plates, plastic forks, paper cups), reusable dishware (glass/metal plates, silverware, cups), no preference 
Do you clean your plate before placing it on the dish return?
Yes (I dump my food/trash into a trash can), No (I leave my food/trash on my plate)
If there were signs that said “Scrap trash off plate” by the dish return, would you follow the sign?
Yes, No
Have you ever received a damp/wet plate at the dining hall?
Yes, No
[bookmark: _heading=h.147n2zr]4.2 – Descriptive Statistics
 [image: ]Table 3: Survey Results
Table  SEQ Table \* ARABIC 3: Survey Results

Table 3 represents the descriptive statistics of the survey questions sent out to students. There was a total of 46 responses over a 10-day period. For demographics, we asked students’ classification, if they lived on campus or commuted, and if they had a meal plan. 58.70% of students classify as seniors, 32.60% as juniors, 6.50% as sophomores, and 2.20% as freshmen. Many students commute to campus (71.70%), with 17.40% residing on the Marietta campus and 10.90% residing on the Kennesaw campus. 52.20% of students responded stating they do not have a meal plan and 23.90% of students have either a residential or commuter meal plan. During the pandemic, 91.30% of students attended Kennesaw State University and 8.70% did not attend. Out of the students who attended Kennesaw State University during the pandemic, 45.20% continued to go to the dining hall the same amount, while 33.30% started going less and 21.40% completely stopped going. 
For dining hall attendance, we asked questions on if they went in the past and how frequently and if they currently go and how frequently. Before the Fall 2022 semester, 26.10% of respondents did not go to the dining halls or went to both dining halls while 28.30% went to the Stingers dining hall on Marietta campus and 19.60% went to the dining hall on Kennesaw campus. 37.00% of respondents went several days a week, 23.90% never went, 17.40% went every couples of weeks, 10.90% went once a week, and 10.80% chose other such as “When my friends swiped me in”, “Twice in 4 years”, “Occasionally, maybe once a semester”, and “A few times”. During the Fall 2022 semester, 58.70% of respondents do not go the dining halls, 21.70% go to Stingers dining hall on Marietta campus, 10.90% go to both dining halls, and 8.70% go to the dining hall on Kennesaw campus. 50.00% of respondents do not go to the dining hall, 17.40% go once a week, 15.20% go several days a week, 13.00% go every couple of weeks, and 4.40% chose other such as “When my friend swipes me in”, and “Once every 2 months or so”. 
For dining hall usage, we asked about their dishware preference, if they clean their plates before returning them to the dish return, and if they have ever received a wet plate. 45.70% of students prefer reusable dishware such as glass plates, silverware, and cups, 34.80% prefer paper dishware such as paper plates, plastic silverware, and cups, and 19.60% have no preference. Many students clean their plates before putting them on the dish return (97.80%) while the remaining 2.20% do not. Surprisingly, 50% of students chose they have received a wet or damp plate and 50% have not. 
[bookmark: _heading=h.3o7alnk]4.3 – Implementation of Survey
	This survey caters towards the goals of our projects as to help Stingers dining hall staff, specifically management, about dining hall usage and attendance. Statistical analysis were run using a chi-squared analysis and crosstabs on the statistical software SPSS but results showed no strong significance or correlation between variables. Although there were not strong correlation coefficients between variables, running crosstabs provided valuable information. Figure 7 shows the crosstab of the questions “Have you ever received a damp/wet plate at the dining hall?” and “Do you prefer the dining hall use paper dishware (paper plates, plastic forks, paper cups) or reusable dishware (glass/metal plates, silverware, cups)?”. Although 52.17% of students responded yes to receiving a damp/wet plate, 50.00% of those who said yes prefer using reusable dishware and 12.5% have no preference. 
[bookmark: _heading=h.23ckvvd][bookmark: _heading=h.ihv636][image: ]Figure 7: Crosstab of Question 10 and 13



[bookmark: _heading=h.32hioqz]Chapter 5 – Simulation Analysis
[bookmark: _heading=h.1hmsyys]5.1 – Motion Time Study 
To create a simulation, first we needed data. The timer started the second the dishwasher touched a plate, was lapped when the plates moved on to a different activity and stopped once all plates were placed in the plate cart. The breakdown of the numbers is displayed in table 4 below. Two different dishwashers were timed on two occasions on two different days. The same goes for the puller which is the person who pulls the dishes from the dish machine and puts up the plates. To create the simulation, we put a process for every activity for cleaning the plates. The processes all were assumed normal distribution. The mean times and standard deviations from the data chart were converted into minutes. The simulation was set up to run for three 14.5-hour days at the dining hall since that is the regular weekday hours. 
Table 4: Time Motion Study
Table  SEQ Table \* ARABIC 4: Time Motion Study

[bookmark: _heading=h.41mghml]5.2 - Original Simulation
Simulations are an effective way to predict the outcome of a new plan or product but will not be a hundred percent accurate due to things such as human error. When collecting the times in the trials, one dishwasher may have worked faster than usual since they knew they were being timed which may cause some error in the results. For plate arrival, I counted the number of plates being placed on the dish return for an hour on two different days. After averaging the numbers, I had a mean of 4.47 plates arriving per minute but really the arrival time for plates varies tremendously based on the time of day, day of the week, influx of people, etc. Therefore, there was no guaranteed way to identify the true arrival time, which may make the simulation less accurate. When it comes to simulating our solution, since these solutions have not been put into [image: ]practice, all our data can only be assumed.Figure 8: Arena Model for Current Dishware Cycle
Figure SEQ Figure \* ARABIC8: Arena model for current dishware cycle


[bookmark: _heading=h.2grqrue][image: Table

Description automatically generated]I ran the simulation as seen in figure 8 in Arena Simulation Software, the results showed an average cycle time of 4.39 minutes for the dishes which is approximately equivalent to four minutes and twenty-three seconds. This number makes sense because as seen in table 4, the plate cycle was about four minutes and twenty-six seconds. Figure 9: Current Dish Room Arena Results

[bookmark: _heading=h.vx1227]5.3 – Alternative Simulation
Seeing as one of our goals were to decrease by about eighty seconds off the total cycle time for dishes, I felt our alternative solution would have to be a dish machine just as fast as ours but with a drying portion included. Therefore, for our alternative solution simulation, I modelled the ideal dish machine. This would be a dish machine of around the same length with a cycle time of approximately one minute like ours, however towards the end of the cycle, the machine has a drying portion after the final rinse. Since it is done with technology, I can assume it would be much faster than letting the dishes air dry. So, in the final simulation, I took out the process labeled ‘Drying’ as that is now included in the process labeled ‘Dish Machine’. The solution simulation showed a decrease in the average time, coming out to be 3.29 which is approximately three minutes and seventeen seconds.
[image: Table

Description automatically generated]Figure 10: Ideal Dish Machine Arena Results
Figure SEQ Figure \* ARABIC10: Ideal Dish Machine Arena Results



[bookmark: _heading=h.3fwokq0]Chapter 6 – Economic Analysis
This economic analysis will estimate costs and savings with the implementation of the following recommendations to optimize the dish room at Stinger’s Dining Hall.
[bookmark: _heading=h.1v1yuxt]6.1 - Paper Plates vs Reusable Plates
[image: ]
Table 5: Costs of Paper Plates
Starting in August 2020, Stingers used disposable plates to reduce and prevent the spread of COVID-19. Currently in 2022, they have reintroduced reusable plates, but not reusable silverware and cups. The cost of plates is $63.58 for one case of 500 plates. Stingers Dining Hall has an average of 1700 swipes per weekday and an average of 800 swipes on the weekend. “Swipes” refer to a students’ entry to dine at Stingers, as students must ‘swipe’ their student identification cards to enter the dining hall. Potentially, at least 850 students are served throughout the day, twice a day during the week, and at least 350 students are served twice day on the weekends. According to dining hall management, we assumed on average students used two disposable plates per swipe. Therefore, Stingers could use a minimum of 3,400 plates daily between Monday through Friday and 1600 plates daily on Saturday and Sunday, especially if students are using multiple plates during their visit. 
[bookmark: _heading=h.4f1mdlm]6.2 - Water Usage
According to Stinger’s Dining Hall staff, the dish room uses the most water out of the entire dining hall. Other areas that use water would include the kitchen, restroom facilities, and the Coke freestyle drink machines. Figure 11 represents the pie chart of the percentages of water usage by each component of the dining hall. The dish room accounts for 40% usage, 30% usage in the kitchen, 15% usage in the restrooms, 10% usage for the Coke freestyle drink machines, and 5% usage elsewhere. 
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Figure 11: Pie Chart of Stingers Dining Hall Water Usage
Figure SEQ Figure \* ARABIC11: Pie Chart of Stingers Dining Hall Water Usage


[bookmark: _heading=h.2u6wntf]Table 6: Stingers Water Usage in Gallons (2022)
According to KitchenSpot, commercial foodservice water use at a typical sit-down restaurant is believed to use between 3,000 to 7,000 gallons of water per day, with an average of about 5,800. From January 2022 to October 2022, Stinger’s has had a monthly average use of 173,291 gallons of water and a 2310.55 gallons daily average in the dish room alone.  Kennesaw’s facilities management stated the water/sewer cost is $12.37/1000 gallon, so the university is paying over $2,000 in water bills monthly for Stinger’s Dining Hall. If water usage is reduced by 5%-10%, Stinger’s could save from $1,1178 – $2,357 annually.

Table 7: Goal Savings on Water Usage
[bookmark: _heading=h.19c6y18]6.3 - Dish Machines Models

Table 8: Monthly Costs of Dish Machine Models
After visiting the Common’s dining hall on KSU’ Kennesaw Campus, we wanted to model a few aspects at the Commons with Stingers. Specifically, the Commons has a separate room for washing plates, so we wanted to separate the plates from the pots and pans with a separate dishwashing machine. We recommend the Hobart LXeR Undercounter Dishwasher which is Energy Star certified and therefore uses less water and energy. As shown in table 8, the current dish machine uses 0.91 gallons of water per rack of dishes and the Hobart LXeR uses 0.62 gallons of water per rack. Combining the current dish machine with the Hobart LXeR would save 52.2 gallons of water daily, 1461.6 gallons monthly, 17,539 gallons annually (within our 5%-10% savings goal).
52.2 gallons/day savings *7 days/week *4 weeks/1 month*12 months = 17,539

Regarding electricity usage and savings, the current dish machine is 13.8 kWh and runs approximately MM hours a week which costs $70.12/week and $280.49/month. The Hobart LXeR is .107 kWh, so implementing the additional dish washer would save Stinger’s 

[bookmark: _heading=h.3tbugp1]6.4 - Reconfiguration
Stingers is an existing building from the Southern Polytechnic State University campus. Much of the dish room remains similar to the original layout. An audit as well as reconfiguration is necessary to eliminate waste and improve workflow. Costs for reconfiguration would include Stingers staff hourly wages.  It would take two cleaning days (which are each 6 hour shifts) and eight staff members would be needed. With pay at $13.25/hour per staff member, the cost for reconfiguration is $1,272.00
[bookmark: _heading=h.28h4qwu]6.5 – Overall Comparison Costs

Table 9: Monthly Cost Comparison for Five Years
	Table 9 above shows the monthly costs comparisons of the current dish machine, under counter dish machine in combination with the current dish machine, paper plates, and a reconfiguration of the dish room over a five year period. For the current dish machine, it has a monthly rental cost of $1,750, uses 11,739 gallons of water monthly with a water usage cost of $145.21, and has an electricity rate of 13.8 kwh with an electricity cost of $538.08 which totals to $14,186.09 for the monthly costs. For the under counter dish machine in combination with the current dish machine, it has a monthly cost of $249.57, uses 10.173 gallons of water monthly with a water usage cost of $125.84, and has an electricity rate of 2.14 kwh (for the under counter dish machine) with a total electricity cost of $621.52 for both machines which totals to $11,172.07 for the monthly costs. For paper plates, the total monthly cost is $10.274.53 which accounts for plates throughout the entire week. Comparing costs, we concluded that disposable plates are not economically viable and that it is better to use reusable plates. The costs of paper plates outweigh the cost of water and electricity costs using the dish machine. For reconfiguration of the dish room, the total cost would be $1272 which accounts for the hourly wages of Stingers staff. 


[bookmark: _heading=h.nmf14n]Chapter 7 – Informal Interview Analysis 
[bookmark: _heading=h.37m2jsg]Throughout this project, we kept in contact with staff at Stingers and Commons dining hall, the latter being on the Kennesaw campus. The Kennesaw campus serves over three times as many students as the Marietta campus daily. The Commons has also returned to using reusable plates and cups so a visit there would be helpful to us to compare. Also, in comparison to the Marietta dish machine, the Kennesaw dish machine dries the dishes itself so that part of the process is included. The Commons uses a Hobart Ft1000e dish machine, a machine that is about a hundred and thirty-five thousand dollars.
[bookmark: _heading=h.1mrcu09]The Commons dining hall has a dish room for plates and a separate room for washing pots, pans, and other items from the kitchen. The lead at Kennesaw was surprised to hear that the Stingers dining hall uses the same machine for plates and pots. On the day visited, the dish machine was not in use because of low staffing. According to the lead, their dining hall dish room staff must have about nine to ten workers to operate the dish machine for the plates and run the pot room effectively. When the plate dish machine is operating, the cycle time for the machine is about two to three minutes. The machine does not need the racks like on the Marietta campus because the conveyor of the Commons dining hall dish machine is made as one giant rack, as seen in figure 12. Another reason for the visit to the Commons dining hall was to compare their cycle time with that of the one on the Marietta campus. However due to the larger size and different process of the Hobart dish machine, comparing its cycle time to Stingers dining hall dish machine would not be correct for analysis.Figure SEQ Figure \* ARABIC12: Commons Dish Machine Conveyor Belt

[bookmark: _heading=h.46r0co2]Something to note, an employee in the Commons dish room stated that the circulation inside is poor so sometimes they must stop running the dish machine because of how humid it gets. This was interesting comment because employee satisfaction and health should be important to the facility, so if they are able to buy a new dish machine, they should also fix the circulation since the new machine causes that issue. When employees continue to have to deal with issues at the workplace, it can lead to low morale and people start leaving. With the staff shortage, the dining halls need all the employees they can get.Figure 12: Commons Dish Machine Conveyer Belt










[bookmark: _heading=h.2lwamvv]Chapter 8 – Results and Recommendations
[bookmark: _heading=h.111kx3o]8.1 – Results 
	Survey analysis, motion time studies, simulation analysis, economic analysis, and informal interviews analysis will infer about the dining hall dish room. According to the survey, 52.17% of students are receiving damp/wet plates at the Stingers dining hall yet have general consensus on an overall preference for using reusable dishware or paper dishware. For those who stated they are receiving damp/wet plates, 50.00% prefer to use reusable dishware which includes the glass plates and 12.5% have no preference. For the motion time study, the average dish cycle for the Stingers dining hall dish machine is 4 minutes and 26 seconds which compares to the original simulation created of 4 minutes and 23 seconds which includes air drying as the drying time. The alternative solution simulation was to include mechanical drying time, so the dish machine cycle times shows a reduction to 3 minutes and 17 seconds. 
	The economic analysis included water usage calculations of the Stingers dining hall for the entire area and accounted for 40% usage of the dish room area. The dish room usage totals 68,379.2. gallons. If the water usage is reduced by about 5-10% a month, the dining hall could save overall about $105-215 per month. Informal interviews and conversations helped the most in understanding the underlying dish room problems and possible solutions. The Kennesaw campus’ dining hall, the Commons, has a separate dish room for plates and pots, which helps save time as Marietta’s Stingers dining hall has one dish room for both plates and pots. The plate dish machine at the Commons is also much larger than Stingers and has an included drying feature. Their dish machine also has a differently designed conveyer belt which allows for more plates as Stingers’ dish room must put dishes into racks first before they can push anything through the dish room. 
[bookmark: _heading=h.3l18frh]8.2 – Recommendations 
	The Stingers dining hall and specifically the dish room could benefit from some modifications to make their processes more efficient and easier as Kennesaw State is growing with more students. Overall, our recommendations to the dish room would be for a new dish machine that included a drying feature or an addition of another machine that has drying capabilities. This would help reduce the overall cycle times for plates to dry as using air drying or hand drying as a method, takes more unpredictable time. If Stingers could find a smaller Hobart dish machine that could fit in the dish room and with the same type of rack conveyor belt, this could free up space in the dish room since we would not need racks to push through the dish machine. 
[bookmark: _heading=h.206ipza]	If getting a Hobart for the Stingers dining hall is too costly, another recommendation would be to get a small under-the-counter dishwasher that has a drying component and use it exclusively for plates. This is inspired by the Commons dining hall. Having a separate machine for the pots and plates would free up room in our original machine for pots but also shorten the plate cycle. The dishwashers we researched all had around a two-minute cycle time and were energy star qualified. This means the dish machine was made to be energy efficient which can save money on electricity and water bills. Also, a separate machine for plates would increase the longevity of the dish machine since it would not be so heavily utilized all day.
[bookmark: _heading=h.4k668n3]Although a newer dish machine would be a fantastic addition to the Stingers dish room, the space does not allow for a dish machine similar to the size of the one in Kennesaw’s Commons dining hall. There is not much space at all in the Stingers dish room and according to staff, the current dish machine is on a lease. Therefore, the recommendation we are most leaning towards is a reconfiguration of the dish room and kitchen area at Stingers. Clearing out the space and then placing things in based on the current needs of the facility would be best. Reconfiguration of the dish room can help remove unnecessary clutter that can go somewhere else and improve the flow of traffic in the dish room. This reconfiguration can also allot more space for plate racks to dry so the dish machine is not crowded with drying plates and this is the least expensive option. During seasonal school breaks, the Stingers staff have cleaning days, where they deep clean the dining hall and wrap equipment to keep them from collecting dust over the holiday. With about eight staff members and two six-hour cleaning days, the kitchen and dish room can be reorganized.
Employee satisfaction is also an important component when it comes to solutions for the dish room. As mentioned earlier, a surprising note was that the Kennesaw dining hall has air circulation issues in their plate dish room. This issue being ignored shows a lack of care for the employees and operating the dish room is a hard job. According to employees, the dining halls have low retention rate so if the dining hall wants to keep employees staffed and avoid being understaffed like how they currently are, upper management must start listening to employees and fixing things to ease the stress of the job. Low staffing and unresolved issues are one of the few things the Kennesaw campus and the Marietta campus dish rooms share.
[bookmark: _heading=h.2zbgiuw]8.3 – Conclusions 
	Although we were unable to meet and achieve all of our initial design requirements, some were still met and approached with recommendations for improvement. We were unable to optimize the space as the only things that could be moved in and out of the dish room are the carts so that solution would be to have the carts in other areas, although that creates inefficient space in those areas. With implementing a new dish machine with added drying features or a machine simply for drying, that would reduce the number of plates needed to be hand dried and reducing the number of wet plates that go out onto the floor. As shown in the simulation analysis, the dish cycle time was reduced by 1 minute and 5 seconds. We have included stingers dining hall staff for input and feedback throughout the process. Overall, Stingers dining hall could improve from an additional dish machine which may include reconfiguration of the dining hall overall to allot for more space. This would be beneficial as the campus is growing in size with more students coming every year. 
[bookmark: _heading=h.1egqt2p]
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Avg 800 swipes/day * 2 plates per swipe 1600 plates a day
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