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Brief Background
	Receiving a reasonable return on an investment is an essential expectation before beginning any project. At The Ohio State University, The Office of Student life installed a geothermal system to cut the long term cost of energy. The geothermal well, which is located in the basement of a residence hall, recycles energy by moving heat into or out of the ground to heat or cool surrounding buildings. This ecological system reduces energy consumption, as well as the burning of fossil fuels. Recent data suggests that the system is being used inefficiently; the maximum refrigeration capacity is 1,100 refrigeration tons (RT) above current operating level. Student Life is interested in adding heating water pipes to the Ohio Union and/or Drinko Hall, but is unsure if there is a reasonable return on investment. The estimated cost for adding piping to Drinko Hall would be $600,000, while the estimated cost for additional piping to the Union would be $900,000. The cost of piping to both the Union and Drinko Hall, together, would be $1,100,000.

Objective
	Since the project allows the school to potentially save money while fully using their geothermal well, the purpose of this analysis is to investigate if it financially acceptable to pursue adding piping to either or both Drinko Hall and the Ohio Union. Piping to Drinko Hall would cost $600,000, while piping to the Ohio Union would cost $900,000; however, running pipes to both buildings would cost The Ohio State University $1,100,000
Conclusion/Recommendation
	It is recommended that The Office of Student Life invest in piping to both the Union and Drinko Hall.  After analyzing the Geothermal plant data, the estimated yearly savings for 2018 were calculated. Table 1, in the Calculations Section, displays the estimated 2018 savings for the additional extension to the Union, Drinko Hall, and to the Union and Drinko Hall together. 
From the graph comparing the savings and tonnage, one can see that as the tonnage increased so did the savings. In other words, the geothermal well is more efficient under higher loads. Therefore, it would make sense that more money is saved when piping to the Union and Drinko Hall is added.  	
Key Assumptions 
Calculations were based upon utility rates that were extrapolated from 2013 data. The provided data of savings was graphed against heat used by the South High Rise (SHR). From the generated equation for savings, savings for each month were summed to find the annual savings. It was assumed that there were 30 days in each month for every month of the year. It was assumed that savings would increase as the number of years increased; using the 2018 savings calculations for each option, future values were estimated using a 10% MARR over a 5 year projected outlook. The difference in the cost of the investment and the savings over 5 years were computed. Table 2, in the Calculations Section, displays the cost and savings of each additional piping option. 


Rationale Behind Key Assumptions
	To calculate savings across 2018, the savings needed to be converted from the hour to the month. On average there are 30 days in one month, so 30 days were used to approximate the savings for each month. A conservative MARR (of 10%) was used to account for risk associated in the project. Undergoing a large scale project in a developing industry, like renewable energy, means that there is high risk involved. Therefore, a relatively low MARR was used in the calculations. In addition, since The Ohio State University is a large university with lots of money, projects with smaller attractive rates of return are deemed fiscally acceptable. Financial analysis was only needed for the first five years due to the rapid payback period. Within the first year, piping options had already begun to negate the initial investment. Future values were calculated using the FV function using a 10% MARR and 2018 (present) values. The savings were assumed to increase because as time goes on, maintenance will be able to tweak the geothermal well to better adapt to its environment; the more efficient the geothermal well runs, the higher the savings. 
Scenario Analysis
	One can make alternative assumptions about this project’s viability given different economic factors such as a higher MARR, shorter project life, higher annual maintenance costs, etc. For example, assume that the Geothermal Well Savings for 2018 had additional $85,000 preventative maintenance costs per year. This maintenance would include cleaning air filters, coils, and condensate traps and would insure the longevity and efficiency of the Geothermal Well. The present value of all of these maintenance costs over the duration of the five year project life would come out to around $322,000 in additional expenses. If these additional costs are accounted for in the savings for each project, the SHR + Union Only is no longer profitable (savings dropped from $245,906 to -76,094). Additionally, the SHR + Drinko + Union project which previously turned a significant profit is now next to breakeven (savings dropped from $338,385 to $16,385). Given these new numbers, one might have to reconsider the viability of taking on a high risk project of this scale will very little room for error. 
If the project life is only four years instead of five years, there exists a similarly dramatic effect on the savings for each project. Under this assumption, none of the projects are profitable; the SHR + Union + Drinko drops to approximately -$6500 in savings. Assumptions of this type, while not necessarily realistic, are important to make in order to gain a comprehensive understanding of the project and make educated decisions based on your analysis.

Direct Economic/Financial Factors           
Beginning a large scale project results in large initial costs. With piping to both buildings costing over 1 million dollars, a large expected return is necessary to prove beneficial. The additional piping isn’t just an upfront cost; the piping will require maintenance costs to preserve the addition to the well. Other costs would include hiring engineers to plan a design and construction workers to set up the pipes. One assumption is that there will be inflation; the cost of materials and maintenance might unexpectedly increase depending on the economy. Assuming the maintenance cost is 1% of the total project cost, you could factor in an additional $8,000-$12,000 respectively to each of the projects to include in the financial analysis. Other assumptions include an abundant supply of materials, a specific construction site, and a small land footprint. 


Non-Economic Factors
	The additional piping would require several years of fenced-off green space. Construction time should be considered along with the economic factors. During construction, areas are closed which can interfere with people’s commutes and can cause traffic. Also, noise generated at construction sites would disrupt students, especially those in classes. There are other non-economic factors including design specifications. For example, the pre-existing Union and Drinko Hall may or may not have enough ceiling space to accommodate the additional piping. Similarly, if the current dimensions of the Union and Drinko Hall are not sufficient to support these additions, potential costs of renovation to make room for the changes must be considered. These factors, while not having a direct financial cost, still weigh heavily on the final decision. Finally, at a construction site there are safety concerns; the school is liable for any injuries that could occur, and resulting lawsuits far exceed the cost of the actual project. One must take into account all of the economic and noneconomic factors that go into a project of this scale to make a proper final analysis of the decision at hand.
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Table 1: Geothermal Well Savings for 2018
	Savings for 2018 ($)

	SHR + Union Only
	SHR + Drinko Only
	SHR + Drinko + Union

	187,696
	47,907
	235,604




Table 2: Geothermal Well Cash Flows
	GeoThermal Well Cash Flows (10% MARR)

	Year
	SHR + Union Only
	SHR + Drinko Only
	SHR + Drinko + Union

	0 (Investment)
	-900,000
	-600,000
	-1,100,000

	1 (2018)
	187,696
	47,907
	235,604

	2
	206,466
	52,698
	259,164

	3
	227,113
	57,968
	285,081

	4
	249,824
	63,765
	313,589

	5 
	274,806
	70,141
	344,948

	Total Savings
	1,145,906
	292,479
	1,438,385

	Profit
	245,906
	-307,521
	338,385








Table 3: Geothermal Well Cash Flows (Alternative Assumption #2)
	GeoThermal Well Cash Flows (10% MARR)

	Year
	SHR + Union Only
	SHR + Drinko Only
	SHR + Drinko + Union

	0 (Investment)
	-900,000
	-600,000
	-1,100,000

	1 (2018)
	187,696
	47,907
	235,604

	2
	206,466
	52,698
	259,164

	3
	227,113
	57,968
	285,081

	4
	249,824
	63,765
	313,589

	
	
	
	

	Total Savings
	871,100
	222,338
	1,093,437

	Profit
	-28,900
	-377,282
	-6,563
















