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Narrative UROP Report Summary 

 

 The Undergraduate Research Opportunity Program project that I conducted was titled 

“Integrating Renewable Energy into Commercial Street Lights.” The faculty sponsor for this project is Dr. 

Ona Egbue in the Mechanical and Industrial Engineering Department. This research opportunity gave me 

the chance to implement energy efficient alternatives in respect to traditional city street lights to save 

electricity and money. Four alternatives were introduced in this economic analysis and determined if the 

hypothetical results for the two cities of Duluth, MN and Tucson, AZ was financially justifiable. The 

problem I set out to solve was a solution to the expensive utility bill that city maintenance facilities must 

pay to the respective power companies. This project not only saves money on the electricity bill as an 

economic benefit, but it also reduces our reliance on fossil fuels. The methods used in this project were 

preliminary research utilizing university databases to understand the renewable energy sources 

regarding solar and wind technology. The performance of the products I used in this project were 

calculated with climate data from the National Renewable Energy Laboratory website and 

communication via email and telephone to obtain specifications on market products. The personal 

correspondence was utilized for the second option as it was designed from scratch using “off the shelf 

components” to create kits that would be retrofitted to the existing streetlights. The other options 

included LED bulb conversion, competitive retrofit kits, and a solar farm.  

 The results yielded that the solar farm was the option to generate the largest economic return 

on investment with the LED conversion and retrofit kits following the farm. However the final 

recommendation for both cities was that any of the three choices could be selected based on the 

amount of money a city wanted to invest, and then receive over 25 years. I felt that the choice between 

the three options was more realistic because the results all yielded different economic conclusions and 
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would represent how a city council would decide an alternative best for their city based on their 

expendable income. For example the solar farm yielded the highest return financially, but also had the 

largest initial investment of $7.85M and $55.72M for Duluth and Tucson respectively. Ideally, the cities 

would invest millions of dollars into these projects, but most likely the cities would not have that 

quantity of money to spend. On the other hand the simple LED conversion resulted in low initial cost, 

cheap maintenance, and relatively quick payback period for both cities and this solution would be for 

cities that wanted to take that first step toward energy efficiency. The retrofit kit may not have had the 

best return on investment like the other two options, but it would be the next stride in an energy 

efficient city. It was also noted that the retrofit kits can be installed on a single street light or block of 

lights instead of retrofitting the entire city at once. This process is much cheaper using individual kits 

and can be done over a period of time as opposed to investing in a multimillion dollar solar farm in 

proximity to the city.  

The project itself was completed past the original objectives and went above and beyond the 

expected effort for a UROP project. Total time was estimated between 220 and 250 hours of effort 

dedicated to the design, development, and analysis of this project. This renewable energy project took 

longer than anticipated because it started as one option and evolved into four. The retrofit kit was the 

original scope and objective, but this option soon gathered other alternatives that may make the retrofit 

kit obsolete. On a deeper level this project was designed and analyzed like it would have been in a 

competitive market. The retrofit kit had to be cost effective compared to the existing products on the 

market and without comparison, may not be the most effective renewable energy tool. A lab report 

containing all of the information about this project cumulated a 50 page document with results and the 

process in calculating each method. A smaller report will be written for publishing in the Duluth Journal 

of Undergraduate Research. The Excel Spreadsheet that determined the cash flows for this project was 

created twice to represent the data in a more intuitive manner and to eliminate any errors by cross 
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checking data. The spreadsheet included all of the options and their economic results in net present 

value, additional maintenance costs, annual benefits, and cost savings, the Excel sheet totaled almost 

19,000 cells of data.  

The primary reason I put more effort than required into this energy project is because I hope to 

show this to potential employers. The subject of energy, specifically renewable energy efficiency, is the 

subject I desire to pursue in a career. The project represented design, estimated product performance, 

economic flow charts, and marketability. The one negative aspect that I would comment on this project 

is the frustrating communication between myself and representatives of companies. The second option 

required all of the parts from scratch and specifications on how the products performed to integrate 

them working together. Some of the individuals I made contact with changed interest in my requests 

because they realized it was a university project and not an actual customer purchasing their product. 

Some people responding to the emails and phone calls would either take too long or not respond at all 

and the project had to move on without the specific information.  

 In conclusion the project developed into a larger process with considerably more complex goals. 

The detail and information used for Duluth and Tucson can be applied to other cities of similar size and 

energy consumption. The report includes the analysis of the four options and a sensitivity analysis in 

relation to option 2. Overall I am very proud of this project and the quality it yielded and I hope to 

publish it and attend the National Conferences on Undergraduate Research (NCUR) to present it to any 

interested audience.  


