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Abstract 
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I. Introduction
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cardio equipment in the Hut which need to be plugged in and the rest of the equipment is self-

generating. Given its location and age, the Hut typically gets much less usage than the Margot 

Connell Recreation Center at the school’s main campus, but it is still a well-utilized asset on 

Newton’s campus. Currently, the Hut has recently replaced approximately half of the fluorescent 

tube lighting it has been using with more efficient LED lighting, however, this tube lighting still 

remains in a portion of the Hut. This lighting is also controlled  of ed7(h)-2rll 
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D. 
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the data collection methods for equipment energy usage.  These will be based on historical 

collections and current set-ups.  
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than the 2019-2020 academic year since campus was closed in March so students were not on 

campus for a traditional year.  Therefore, the 230 operational days in a year is an accurate 

value.   

The assumptions that follow should not be taken as confidently accurate.  Therefore, it is 

essential to consider multiple scenario analyses because there is no best accurate way to measure 

some of these variables.  Based on various informal questions asked to students and casual 

observations of student behavior, it is determined that the average student exercises for 1 hour 

during the day.  This does not include time it takes to change and transportation but does include 

time between sets of strength work and stretching.  Some students will use the Hut strictly for 

cardio exercise, some will use the Hut strictly for strength work and others will be a combination 

of the two forms of exercise.  An assumption made is that 50% of a student workout will be on a 

cardiovascular machine.  Therefore, since the average length of a student workout is 1 hour, then 

the average amount of time spent doing cardio exercise is 0.5 hours or 30 minutes.  Since there 

are 7.67 students on average in the hut at a particular time, then there are 3.84 students exercising 

on a cardiovascular machine at any particular time.  It should be reiterated that this is an average 

calculation and not representative of every point throughout the day.  This value would fluctuate 

throughout the day. 

There were 4 treadmills, 4 indoor cycles and 2 ellipticals in the Quonset Hut in February 

2020.  This set-up of the Hut is very tight with minimal additional space for more equipment.  If 

more cardio equipment were to be added, it would likely require some removal of some strength 

equipment.  This means there are essentially a maximum of 10 potential spaces for cardio 

equipment.  The utilization factor for the cardio equipment is percent of time the cardio machines 

are in use during the day.  Assuming that students have an equal likelihood to use either the 

treadmill, indoor cycle or the elliptical then the utilization factor is determined to be 38%.  The 

utilization factor is important to consider when determining whether there will be an available 
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faster pace over a time period.  This value averages out the differences between males and 

females.  
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The energy estimates for each of these three machines have now been assumed.  They 

can be equally averaged to yield an average amount of energy generated for all cardio 

machines.  This assumes that these three machines have equal demand and there is no preference 

of a certain cardio machine.  The average cardio equipment energy generation can then be 

determined for both a weekly and operational yearly amount.  The number of machines is not a 

direct factor into this calculation since it has already been analyzed using the utilization factor 

which is well under 100%.  The total amount of energy generated in a week based on these 

standard assumptions is 50,885 Wh or 50.885 kWh.  The total amount of energy generated in an 

operational year based on these standard assumptions is 1,671,947 Wh or 1,671.947 kWh.  This 

is the amount of energy that could be put back into the energy grid to offset the uses from other 

energy producing parts of the Hut.  These energy assumptions are all outlined and summarized in 

the table in Exhibit 4. 

 The energy generation for the Hut has now been determined based on standard 

assumptions.  Now there will be a discussion of the cost-benefit analysis of installing these 

cardio machines.  SportsArt does not disclose their prices publicly.  Therefore, the sales 

representatives were contacted in order to obtain pricing for their Eco-Powr line products.  It is 

important to note that all machines were offered at their standard university discount rate of 40% 

off the list price.  The prices for these products after the discount for the G690 Eco-Powr 

treadmill is $6,414, the G510 Eco-Powr indoor cycle is $1,797 and the G876 Elliptical is 

$5,277.  In order to determine the cost-
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greater than the Eco-Powr line respective products.  Yet, it can most likely be assumed that these 

prices could be negotiated down to the same 40% university discount prices.  Therefore, the 

discounted prices for machines are $5,669 for the platinum club series treadmill, $1,439 for the 

IC6 indoor cycle and $5,039 for the platinum club elliptical.  These price differences are shown 

in the table in Exhibit 5.  The total price difference can then be determined based on how many 

new machines the Quonset Hut would purchase based on their current machine capacity of 10 

total machines with 4 treadmills, 4 indoor cycles and 2 ellipticals.   

 In order to determine the cost-benefit analysis, the financing for these machines must be 

accurately calculated.  The Eco-Powr machines could either be paid entirely up-front or leased 

through monthly installments.  In the leasing option the purchaser pays an upfront cost which is 

essentially a down deposit and then the monthly payments begin.  It is assumed that BC would 

pursue the leasing option since the overall cost would be lower because the payments are over a 

period of time.  In order to accurately compare the Eco-Powr machines and the Life Fitness 

machines the assumption must be made that they can be financed in the same manner over the 

same period of time and with the same up-front cost percentage.  This is likely to deviate slightly 

in practice since it would be unlikely that the terms of the lease would be exact across both 

options.  Nonetheless, it would still not be significantly different and could probably be 

negotiated in BC’s favor.  The Eco-Powr equipment is warranted on parts for 5 years and 3 years 

on labor.  Yet, the useful life of the equipment could be doubled to 10 years if it is well 

maintained.  Considering that the equipment will be used heavily and is being leased for a public 

gym, it is assumed that the 5 year warranty accurately represents the useful life of the 

equipment.  Yet, this can be changed in scenario analysis.  For the financing calculation, the 

assumption is made that 20% of the total cost will be paid before the monthly payments 

begin.  Additionally, it is assumed that the discount rate on the monthly installments is 

10%.  This is based on historical market returns over the S&P 500 in recent decades and is a 

traditionally used discount rate for financing projects.  Therefore, the price difference and 

discounted price difference taking into consideration the 10% rate can be calculated each month 

over 5 years.  
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replace older models over the course of a given time period either way, which raises the 

importance of considering the relative cost of an energy-producing cardio machine as opposed to 

the standard cardio machine. Two potential scenarios would benefit the school financially: the 

machines are able to pay back the difference in price between the standard machine or the 

machines are able to pay themselves back in full. In either scenario, the school saves money on 

its purchase. In order to determine whether these criteria can be met in a reasonable time for the 

school, a multi-phased cost-analysis must be conducted. This process will be conducted through 

four steps: utilizing energy production from these machines to determine the amount of energy 

produced in a typical time frame, determining the cost of electricity for the Boston area, 

calculating the savings per year which result from the energy production, using these savings 

estimates to calculate the time needed to achieve both of these conditions. This determination 

will shed light on another cost consideration angle for the school to consider. 

III. Results 

The levelized cost of energy (LCOE) is an important value to determine the cost-benefit 

analysis for the project.  The LCOE compares the costs of an energy source over its energy 

output to determine which is the most cost efficient for energy generation.  It is essentially an 

equation of costs over energy output.  A lower LCOE is better because less cost goes into energy 

production.  When calculating the LCOE for the Eco-Powr project there are assumptions that 

must be made.  First, since the Life Fitness machines do not generate any electricity themselves, 

the only energy generation is derived from the Eco-Powr equipment.  Therefore, the energy 

generation can be taken from the previously calculated total energy generation over the academic 

year and equally distributed across the 12 months during the year.  This is not the most accurate 

way to allocate the energy usage since the Quonset Hut is not open during the summer months 

and various months may have more cardio equipment usage than others, but it is a close enough 

approximation for the purposes of this analysis.  The monthly discounted price can then be used 

as the cost for the energy in the LCOE calculation.  The LCOE is then determined for each 

month which can then be calculated for each of the 5 years.  The first year has the highest LCOE 

because of the 20% down payment prior to the start of the monthly payments.  Each year 

subsequently has a lower LCOE due to the impacts from the discount factor over longer time 

horizons.  The energy output remains constant, but the cost for the energy decreases each 
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month.  The total project LCOE can be calculated from averaging the 5 years together to yield an 

LCOE of $0.468/kWh.  The LCOE values over the 5 years are shown in the table in Exhibit 6.   

These LCOE values now need to be compared to the LCOE of other energy 

sources.  Lazard publishes yearly unsubsidized LCOE values for renewable and conventional 

sources of energy.  These values are summarized in the graphic in Exhibit 7.  In general, the 

LCOE for renewables has been declining as the price for solar panels has generally been 

decreasing.  Many of these technologies are now at a financially comparable level to other 

conventional sources of energy.  This is a promising step forward for the future of renewable 

energy since the LCOE takes into consideration all costs of the project including the higher up-

front cost from renewable energy.  Therefore, it is more difficult to argue from a financial 

perspective that renewables could become a greater energy source for the future when these 

LCOE costs are dropping rapidly.  Lazard gives the LCOE values in units of $/MWh so each 

price must be divided by 1,000 to compare with the Eco-Powr LCOE in $/kWh.  When 

comparing the Eco-Powr LCOE with the renewable and conventional energy sources LCOE it is 

apparent that Eco-Powr energy source is significantly more expensive than any of the other 

sources.  For example, assuming BC receives the majority of its energy from natural gas under 

the gas combined cycle from Lazard analysis.  Even using the lower LCOE of $0.044/kWh is a 

magnitude of over 10 times cheaper than the $0.468/kWh from the Eco-Powr project.  Therefore, 

after determining the energy generation and the costs for this renewable energy project, it can be 

determined that using standard assumptions it would not be economically feasible to invest in the 

Eco-Powr project strictly from a financial perspective. 

Now that the energy generation and cost-benefit analysis under the standard assumptions 

are complete, it is important to discuss some of these implications and expand the potential 

possibilities through scenario analysis.  Although the standard assumptions yield a negative 

financial outcome, it should be put in perspective that the amount invested in these machines is 

small in magnitude compared to other projects on BC’s campus.  Even though the project would 

result in a net loss from a financial perspective, the magnitude of this loss is very small compared 

to the college's total net income. In addition, this economic loss should instead be considered a 

valuable investment opportunity to make BC a more sustainable campus, and work towards long-

term financial benefits through energy savings from no longer requiring the treadmills in the Hut 

to be plugged in.  This project would not put BC in significant financial distress if it were to 
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The fourth scenario focuses on the user energy generation for the 

machines.  Theoretically, over the academic year it would be hopeful that students would get in 

better shape from continuous exercise.  Therefore, their speed and corresponding energy 

generation would increase as well.  This scenario will assume that the energy generation output 

would increase by 20% for each of the three machines.  The energy generation for the treadmill, 

indoor cycle and elliptical would now be 235 kWh, 157 kWh and 164 kWh respectively.  This 
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combined cycle previously discussed.  Therefore, under the best-case scenario assumptions for 

this project, the LCOE can drop to a financially comparable level where there is no income 

difference 
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         After determining the amount of energy produced by the machines, the next step is to 

determine the cost of electricity for the area. According to the US Energy Information 

Administration (EIA), the average retail electricity price in Massachusetts in 2019 was 18.40 

¢/kWh or 0.184 $/kWh (State Electricity Profiles, 2020). Using this as the baseline price of 

electricity, data from the EIA will then be used to estimate the change in the price of electricity 

in the coming years. In the past 20 years, there has been about a 2.31% inflation rate on the price 

of electricity (Sonnichsen, 2020). While electricity prices can fluctuate quite a bit from year to 

year given certain economic events, this average rate of change will be utilized to create a more 

accurate estimate of the price of electricity over time. The price of electricity will be estimated 

over a 30-year time span to better estimate the cost savings each year by taking into account the 

potential change in electricity cost over time. This will yield a chart, Exhibit 15, which tracks the 

estimated cost of electricity from 2021 to 2051.  

With this chart produced, the previous two steps will be utilized in a final step in order to 

determine the approximate time it will take to pay back the machine in full and to pay back the 

difference between an energy-producing machine and a standard machine. Since this analysis is 

being conducted for three machines and two scenarios, each result will be tallied in a separate 

exhibit. The energy produced in each scenario is highlighted in Exhibits 4 and 8. The estimated 

electricity saved each year will be multiplied by each estimate of the cost of electricity which 

will be tracked in six separate exhibits (Exhibits 16-21) that gives two values: the year’s savings 

and a cumulative amount of money saved by the device over said time period. These results will 

be compared with that device’s cost and the difference in cost between the energy-saving device 

and the standard equipment as shown in Exhibit 5 to determine the amount of time needed to pay 

back the device according to both criteria. This also must be done for all three energy-producing 

machines in both scenarios, creating a total of six payback scenarios to be shared in Exhibit 22 

below: 
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consideration, it should also be noted that these renewable, self-generating machines will 

continue to become less and less expensive, especially as additional products become available 

from more brands other than Eco-Powr.  

 A second caveat worth mentioning also relates to the financial barrier to installing 

equipment like Eco-Powr machines. Again, while we have established that they are overall 

significantly more expensive compared to current equipment used at The Hut, it is important to 

view this financial gap as an investment rather than a significant expense. By purchasing 

machines that students can power themselves and feed energy back into the building, BC would 

be investing in their university as an innovative institution, investing in the future of their 

students and how they utilize recreational facilities, and investing in unique and exciting 

sustainability opportunities. In addition, the actual cost differential between the self-powering 

machines and the current equipment is not very significant in the big picture at an institution like 

BC. Plus, as demonstrated, these machines will reasonably quickly pay off the difference 

between what the Eco-Powr products cost versus the standard machines that will inevitably need 

to be re-purchased in the coming years, while being able to contribute electricity back into the 

building. 

In addition, there are several other important benefits to installing these machines and 

committing to a more sustainable recreation center that surpass the demonstrated cost 

considerations. First, there is a sustainability argument to be made. While the short-term costs 

are more expensive than current alternatives, this is an investment opportunity with long-term 

energy savings. By removing the need to plug-in treadmills and instead replace them with 

equipment that feeds energy back into the building, energy consumption will decrease as 

renewable production increases. Furthermore, this provides an interactive, uniquely engaging 

source of renewable energy that is produced by the students and for the students. Second, there is 

a student health argument to be made. Based on successful case studies of other university gyms 

implementing similar energy-producing machines, more students are more likely to visit 

recreational facilities and use these machines to workout. By having more students maintain 

active lifestyles and exercise more often than they would otherwise, the Eco-Powr products have 
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workouts, and are more likely to exercise more frequently. As a result, by attracting more 

students to exercise at The Hut, the 38% estimation for the current utilization factor will likely 

increase, which in turn will produce larger and larger quantities of renewable energy within The 

Hut. Finally, another noteworthy benefit of investing in a sustainable gym is the effect that it will 

have on BC’s reputation. Proving to be an innovative institution with technologically up-to-date 

facilities that embrace sustainability will enable BC to stand out among other colleges and 

competitors in the Boston area. Furthermore, this is a valuable opportunity for the school to 

receive positive press and for the student body to take pride in their institution, which can 

contribute to BC’s overall standing and prestige as a university. In conclusion, there are several 

significant benefits that make investing in self-powering fitness equipment an attractive 

opportunity, ranging from health benefits to sustainability progress to positive press and 

reputation for the university and its students.  

V. Recommendations 

A. Recommendations for a Future Replicated Study 

Initially, the goals of this research project were to identify the percentage of electricity 

that self-powering cardio machines could produce for the Quonset Hut (with respect to the 

building’s total energy consumption), and how long it would take for these machines to pay 

themselves off. However, upon realizing that the granularity of the data required in order to 

make these specific calculations is not collected by management at The Hut and was therefore 

unavailable to us, we pivoted the focus of our research. The main goals became to analyze 

several varying scenarios based on different assumptions made on student exercise behavior and 

the types of cardio machines being used to determine the economic feasibility of implementing 

these machines using LCOE compared to current equipment, and to determine how long it would 

take the equipment to pay off the extra financial cost of the more expensive self-powering 

equipment versus the standard machines. While we have met these goals, we suggest that an 

additional study be carried out in the near future to more accurately revisit our initial research 

goals.  

Specifically, we suggest that another study should be conducted within the next year, 

given the immediate timeline of when new cardio equipment will be purchased for The Hut. In 
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order for this study to be as accurate as possible, we strongly recommend that management at 

The Hut starts tracking more specific use of the equipment. For example, while the most specific 

data we were able to access was a log of student sign-ins across fifteen-minute time periods, we 
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sums to the lights be
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VIII. Appendices 

Exhibit 1: Treadmill power output for various running speeds  

Treadmill Power Output  
   

Speed (mph) Pace (min/mile) Power (Watt) 
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Exhibit 3: Elliptical power for various treadmill power effort percentages 

Elliptical Power Output  
  

Treadmill power: 196 
Percent power compared to 
treadmill Power (Watt) 

50% 98 

60% 118 

70% 
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Exhibit 4: Standard energy assumptions 

Quonset Hut Energy Statistics  
  

Standard Assumptions Value 

Operational Hours/Week 85.75 

Operational Days/Academic Year 230 

Total Operational Hours/Academic Year 2,818 

Entrants/Day 94 

Average Students in Hut 7.67 

Average Workout 
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Exhibit 5: Price differences between Eco-Powr and Life Fitness cardio equipment 

Cardio Equipment 
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Exhibit 6: LCOE values for 5 years under standard assumptions 

 

  

Cost-Benefit Analysis

Total Cardio Machine Price Difference 4,888

Estimated Useful Life of New Equipment (Years) 5 **

Total Project LCOE ($/kWh) 0.468

Year Year 1

Month 0 1 2 3 4 5 6 7 8 9 10 11 12 Total

Total Price Difference (monthly) 978 65 65 65 65 65 65 65 65 65 65 65 65 1,760

Discounted Price 978 65 64 64 63 63 62 61 61 60 60 59 59 1,719

LCOE ($/kWh) 7.016 0.464 0.460 0.456 0.452 0.449 0.445 0.441 0.438 0.434 0.431 0.427 0.423 0.949

Year Year 2

Month 13 14 15 16
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Exhibit 7: 2020 Lazard’s LCOE values 
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Exhibit 8: Scenario 1 energy generation and cost-benefit analysis 

Scenario 1 Assumptions Value 

Average Percent Time Spent on Cardio Equipment 70% 
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Exhibit 11: Scenario 4 energy generation and cost-benefit analysis 

Scenario 4 Assumptions Value 

Entrants/Day 120 

Average Students in Hut 9.80 

Average Workout Duration (hours) 1 

Average Percent Time Spent on Cardio Equipment 70% 

Average Cardio Workout (hours) 0.7 

Average Students in Hut doing Cardio Exercise 6.86 

Number of Treadmills 3 

Number of Indoor Cycles 3 

Number of Ellipticals 1 

Cardio Equipment Utilization Factor 
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Exhibit 13: Scenario 6 cost-benefit analysis 

 

  

Cost-Benefit Analysis

Total Cardio Machine Price Difference 2,293

Estimated Useful Life of New Equipment (Years) 10 **

Total Project LCOE ($/kWh) 0.044

Year Year 1

Month 0 1 2 3 4 5 6 7 8 9 10 11 12 Total

Total Price Difference (monthly) 459 15 15 15 15 15 15 15 15 15 15 15 15 642

Discounted Price 459 15 15 15 15 15 15 14 14 14 14 14 14 632

LCOE ($/kWh) 1.535 0.051 0.050 0.050 0.049 0.049 0.049 0.048 0.048 0.047 0.047 0.047 0.046 0.163

Year Year 2

Month 13 14 15 16 17 18 19 20 21 22 23 24 Total

Total Price Difference (monthly) 15 15 15 15 15 15 15 15 15 15 15 15 183

Discounted Price 14 14 13 13 13 13 13 13 13 13 13 13 157

LCOE ($/kWh) 0.0459 0.0455 0.0452 0.0448 0.0444 0.0441 0.0437 0.0433 0.0430 0.0426 0.0423 0.0419 0.0439

Year Year 3

Month 25 26 27 28 29 30 31 32 33 34 35 36 Total

Total Price Difference (monthly) 15 15 15 15 15 15 15 15 15 15 15 15 183

Discounted Price 12 12 12 12 12 12 12 12 12 12 11 11 142

LCOE ($/kWh) 0.0416 0.0412 0.0409 0.0406 0.0402 0.0399 0.0396 0.0392 0.0389 0.0386 0.0383
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Exhibit 13 cont. 

 

 

Year Year 6

Month 61 62 63 64 65 66 67 68 69 70 71 72 Total
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Exhibit 14: Summary LCOE values for the scenarios 

Summary of Scenarios  
  

Scenario LCOE ($/kWh) 

Standard Assumption 0.468 

Scenario 1: 70% average time spent on cardio equipment 0.334 

Scenario 2: One less machine for each type of cardio exercise 0.243 

Scenario 3: 120 entrants/day in the Hut 0.190 

Scenario 4: 20% increase in Energy Generation for each cardio machine 0.158 

Scenario 5: 5 ellipticals, 1 treadmill and 1 indoor cycle 0.102 

Scenario 6: 10 year financing 0.044 

 

Exhibit 15: Estimated Cost of Electricity 2021-2050 
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Exhibit 16: Electricity Cost Savings Over Time; Indoor Cycle, Standard Scenario 

Year In X Year ($) 
Cumulative 
total ($) 

2021 86.854808 86.854808 

2022 88.86115406 175.7159621 

2023 90.91384672 266.6298088 

2024 93.01395658 359.6437654 

2025 95.16257898 454.8063444 

2026 97.36083455 552.1671789 

2027 99.60986983 651.7770487 

2028 101.9108578 753.6879066 

2029 104.2649986 857.9529052 

2030 106.6735201 964.6264253 

2031 109.1376784 1073.764104 

2032 111.6587588 



 44 

Exhibit 17: Electricity Cost Savings Over Time; Indoor Cycle, Scenario 1 

Year In X Year ($) 
Cumulative 
total ($) 

2021 121.596584 121.596584 

2022 124.4054651 246.0020491 

2023 127.2792313 373.2812804 

2024 130.2193816 503.500662 

2025 133.2274493 636.7281113 

2026 136.3050034 773.0331147 

2027 139.4536489 912.4867636  
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Exhibit 19: Electricity Cost Savings Over Time; Treadmill, Scenario 1 

Year In X Year ($) 
Cumulative 
total ($) 

2021 181.93092 181.93092 

2022 186.1335243 368.0644443 

2023 190.4332087 558.4976529 

2024 194.8322158 753.3298687 

2025 199.33284 952.6627087 

2026 203.9374286 1156.600137 

2027 208.6483832 1365.24852 

2028 213.4681608 1578.716681 

2029 218.3992753 1797.115957 

2030 
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Exhibit 20: Electricity Cost Savings Over Time; Elliptical, Standard Scenario 

Year In X Year ($) 
Cumulative 
total ($) 
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Exhibit 21: Electricity Cost Savings Over Time; Elliptical, Scenario 1 

Year In X Year ($) 
Cumulative 
total ($) 

2021 127.165896 127.165896 

2022 130.1034282 257.2693242 

2023 133.1088174 390.3781416 

2024 136.1836311 526.5617727 

2025 139.3294729 665.8912456 

2026 142.5479838 808.4392294 

2027 145.8408422 954.2800716 
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Exhibit 22: Payback Periods for Each Machine and Scenario 

  
  

Machine Scenario 
Payback time (years) Total Payback time 

(years) 

Indoor Cycle 

Standard 3-4 17-18 

1 2-3 12-13


