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1 Executive Summary
1.1 Obijective:

Calvin College currently spends 2.35 million dollars on energy every year. Physical Plant is under
pressure to reduce the amount of energy that Calvin purchases from the electrical grid since the
college is facing many budget constraints. In addition,iPteg n t Le Roy signed t
Carbon Commitment to achieve carbon neutrality by 2057. With this need to save money on energy
and reduce the coll egebs carbon footprint, thi
possible reduction in&l vi nés annual éve-enitliqnydollac iovestnent i v e n
renewable energy.

1.2 Method and Analysis:

In order to tackle this project, the engineering 333 class split into five groups with four of them
looking into different types of renewable eggtypes and the last team looking into finance and
carbon emissions from each energy source. The four different types of energy sources are biomass,
geothermal, solar, and wind. Biomass was deemed infeasible for the small amouniva$tgio

that Calvinproduces. For the other three renewable sources, research and energy calculations were
compared to determine the main recommendation for Calvin, as well as provide alternatives for
the administration in case they receive new information that could dféedetision on where to

invest in renewable energy.

1.3 Conclusion:
1.3.1 Main Recommendation:

The main recommendation for reducing Calvinds
3.34 million dollars towards ecampus solar panels and 157 thousand ddbwavards residential
geothermal systems. The solar panels will be placed on roughly five acres of roof space on the
main campus, including the new student union building. The solar system will produce 2.1 GW

hr/yr electricity and will save 225 thousand dodl per year. The residential geothermal system

will be implemented into six houses including the DeWit Manor, Perkins Fellows house, two
project neighborhood houses, and two other houses owned by Calvin College. The geothermal
system will save a total df5 thousand dollars per year.

1.3.2 Alternative One:

The first alternative comes with a large assumption, that Michigan will change its legislation about
selling back electricity into the grid. If selling back into the grid becomes feasible and profitable,
then it is recommended that Calvin spend 4.84 millilmllars on solar panels to be placed on
campus. The area needed fat.84million-dollarinvestment would be 7.41 acres, which would
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require the use of ground solar units or parking structures in addition to the rooftops chosen in the
main recommendatio This larger solar system would produce 2.97 -@\/each year which

would result in a savings of 318 thousand dollars per year. The remaining 15 thousand dollars
would be invested in the same residential geothermal systems as described in the main
recomnendation.

1.3.3 Alternative Two:

The second alternative suggests moving much of the solar panels tesite tdtation. Due to

climate and weather conditions, Michigan is not an optimal location for producing electricity with

solar options, so this alternative proposes a partnership Rehoboth Christian School in
Rehoboth, New Mexico. Rehoboth has available ground space and receives one and a half times
more sunlight than Michigan. If Calvin were to partner with Rehoboth, it is recommended that 3.6
million dollars be invested ofitein Rehoboth and keep 1.215 million dollars to be invested in
oncampus solar panels in order to show the pu
energy. This option would provide 3.6 GNYs of electricity per year and save Calvin an estimated

340 trousand dollars. The remaining money would go towards the residential geothermal systems

to save fifteen thousand dollars per year.

1.3.4 Alternative Three:

The third alternative comes with the assumption that wind is feasible. In order to determine that
wind is feasible, a study needs to be completed over the course of one year to find out the wind
speeds at 30 meters on campus. The current wind data is at 10 meters on campus and at the airport,
which does not have trees like Calvin College does. If the gpeéds are high enough to say that

it is worth it to invest, then it would be recommended to spend 3.34 million dollars on eight wind
turbines over 55 acres. This would save 125 thousand dollars per year an@hgeamayback.



2 Solar Appendix
2.1 Detailed Solar Alternatives

The main recommendation suggested for Calvinbé
sources included a $3.34 million investment intecampus solar panels. Investing the remaining
$1.503 mil |l i on wo udiscretidnewheather totbe inveshed in affsetting eagberd s
emission with carbon credits, being invested in the Calvin Renewable Energy Fund (CERF), or
another option. The main recommendation utilizes seven current rooftops as well as the rooftop of

the plannd Student Union building. The current buildings proposed for solar inclurse?rince
Conference Center, the DeVos Communications Center, the CFAC, Hekman Library, Hiemenga
Hall, North Hall, and the two Physical Plant buildings as shown below in Figure 1.

Geothermal

* Solar Panels

Figure 1. Proposed locations of solar panels and geothermal system for the main
recommendation of Calvinds $5 million i n\

Detailed reasoning for the selection of these locations can be found in the Locations on Campus
section. This main recommendation results in $225,000 of annual purchased electricity cost



savings and a corresponding payback period of 15 years. The required rooftop space totals to 5.1
acres, which includes appropriate separation distance of solars pfamemaintenance and
maneuvering around. The allocated budget amount for the main recommendation results from
enough solar power to meet Calvinbés baseline
baseline power consumption can be found in Casi G ul at i ons. By meeting
electricity draw, or lowest level of required power, the problem of overproduction and need for
energy storage is eliminated. By meeting the baseline energy need, the recommended investment
produces 2.109 GWirs ofelectricity annually, or approximately9% 3 % of Cal vi ndés cu
requiredelectricity.

The first suggested alternative for Calvinds
change in electricity bupack policy in Michigan. Current] the state of Michigan does not allow

for private electricity producers to sell electricity to the grid. However, if this policy were to change

in the future, it would be beneficial for Calvin to invest the remaining amount of the $5 million
budget intomore renewable energy production. In terms of solar energy, the first alternative
suggests investing $4.84 million into solar energy on campus. This scenario would allow for the
renewable energy investment to be fully implemented, in terms of publicitgamdsibility, on
Calvinbés campus. The produced power would go
additional production could be sold back to the electrical grid for extra cost savings when
production exceeds the baseline energy use on carbjmger this alternative, Calvin could
produce 2.97 GWhrs of electricity annually, 13.55% of the current electricity needs. At the same
payback period, the system would save $318,000 annually with a required area of 7.4luacres.

to rooftop constraintsground solar units would be required to produce the additional power in
conjunction with the previously identified rooftops of the main recommendation.




The areasuggested for the supplementary ground units is shown in Figure 2 above. This area was
suggested due to its relative lack of large foliagerresponding to a smaller amount of large clear
cutting that would be required as well as a minimized amount sifualting shade that would
decrease panel efficiency. The vegetation cut down would be sent to a local composting company.
The 3.8 acres of ground space identified in Figure 2 is 40% larger than the actual required area for
the needed solar panels; therax¢pace provides a buffer zone fasbstructions which block
sunlight.

The second alternative incorporates anoafinpus location for the $5 million investment. Due to
climate and weather conditions, Michigan is not an optimal location for productigate with

solar options. In areas such as the southwestern United States however, climate and weather
conditions allow for even greater efficiency and greater returns on the same investment. The
second alternative for GnatH Rehobaihs Christiary 8ckoblnre n t
Rehoboth, New Mexico. Calvin already has strong ties with the school due to the current
partnership between the schools on the CaRehoboth Robotic Observatory. Rehoboth has
available ground space, as detailed furtheBaseline Energy Use, which could be utilized for
solar power with a full investment from Calvin College. Theaaffnpus alternative boasts the
ability to access 1.5 times more daily sunlight than systems in Michigan, allowing for an increased
return on nvestment as well as an expedited payback period.

Photovoltaic Solar Resource
&% United States

N The data for Alaska are 3 40 km
dataset produced by the
Climatological Solar
Radiation Model

(NREL, 2003).
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Figure 3. Average solar irradiation across the United States, highlighting the difference
between Michigan and locations in the Southwestern U.S.



Contact has been made with representatives of Reholmtlever specific details on potential
partnership setups remain unknown. One of the most likely scenarios would be for Calvin to lease
land from Rehoboth, and then partner directly with one of the local power compani&satéri

PNM, or Continental Divid&lectric). These companies already use solar panels to power towns
in other parts of New Mexico. This scenario is the best case for several reasons. It would allow
both schools to promote sustainability and renewable energy sources while allowing €alvin t
retain all of the energy credits as well as electricity profits from the setup. The third alternative
details 24%, $1.215 million, of the $5 million budget be invested in solar poweairopus and

the remaining amount be invested in Rehoboth. The allotteampus budget would be invested

in solar panels to cover the proposed student union. Tfoarmpus solar energy, although less
productive than the offampus, would be accessible to the Calvin community for research
purposes, mentionable in promotibna acti vi ti es, and woul d be
commitment to sustainability.

2.2 Feasibility

Michigan

At first glance, pursuing solar power in Michigan would seem unattractive due to the long winters
and mild sunlight throughout the year. As seefigure 3, Michigan sits in a low intensity sun

area. Although the state averages only 4.2 hours of direct sunlight per day and averages 51 inches
of snowfall annually, solar power in Michigan is actually quite feasible. Grand Valley State
University, whosecampus is relatively close to Calvin College, implemented a solar garden in
conjunction with Consumers Energy. This proved to be a profitable venture with a reasonable
payback period, despite the limited sunlight available.

Another issue with solar prodtion in Michigan is the accumulation of snow on solar panels.
There are ways to combat snow accumulation with heaters or by paying for snow removal.

However, the teamdbs recommendat i-gdeaning aspettof | et
the solarpanel negates any reason to hire people to clean solar panels during thé winter
Additionally, Calvinds baseline electricity

heaters and no need for electric air conditioners. During the four winter sreostilar panel only
generates 15% of its annual output, therefore extra snow coverage is not going to impact the total
output much.

Interestingly, winter conditions can actually be beneficial to solar production. Like most
electronics, solar panels wobetter in a cold environmentPlus, snow is excellent at reflecting

1 "Solar Panels: Lifetime Productivity and Maintenance Costs." Boston Solar, 8 Mar. 2016,
https://www.bostonsolar.us/solar-blog-resource-center/blog/solar-panels-lifetime-productivity-and-
maintenance-costs-2018/. Accessed 4 Dec. 2018.

22018 Guide to Michigan Home Solar Incentives, Rebates, and Tax Credits." Solar Power Rocks
https://www.solarpowerrocks.com/michigan/. Accessed 13 Oct. 2018.
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sunlight from the ground back up to the solar panels. On a rare day when the sun is shining and
there is still some snow on the ground, the solar panels will produce more efficientthelen
might during a semtloudy day in the summgr

New Mexico

New Mexico is a very attractive location for solar power. The main advantage of putting solar
panels in New Mexico is the efficiency increase. On average, New Mexico generates
approximately6.7 hours of sunlight per day. A solar panel that is placed in New Mexico will
generate 1.5 times more energy than the same solar panel placed in Michigan. Another benefit of
solar in New Mexico is the government support. The solar incentives from thengmre are

some of the best in America. In New Mexico many cities are already investing in solar, and many
companies are helping people invest individually as well. The City of Gallup uses solar power for
10% of their electrical energy. The City of Gallisgsupported by the companies-$tate, PNM,

and Continental Divide Electric.

2.3 Location of OrRCampus Panels

Rooftops

On Calvinés campus there are many options for
appealing locations are on the roofs of existing buildings or buildings proposed to be built as Calvin
renovates its campus. Rooftops are ideal for many reasonéirsthreason is that there is less of

a chance for shadows from trees or other building blocking sunlight from reaching the panel when

they are placed off the ground. Additionally, rooftops are vis#laroundcampus. This is
beneficial in showingof€al vi nés commi t ment to becoming car
attending sporting events, and Calvinds own g
such a prominent position would drastically increase the visual appeal of the schoolr Addéte

bonus is that rooftops are generally regarded as open real estate. Without needing to take up
valuable orsite land or crowd existing structures, a large amount of unused area can be found on

the tops of buildings.

Of Cal vi nds ma cestainloofs dredmost tagorablecfar solar panels. For optimal
sunlight, solar panels should be tilted about 30 degrees from horizontal and facing South. Both of
these requirements can be met by tilting the solar panels with a metal frame; however, less
infrastructure means lower weight and cost. The roofs of the most viable building have been
mapped out in Figure 1 and are categorized below.

3 "Do solar panels work in the winter?" EnergySage, 17 Oct. 2018, https://news.energysage.com/solar-
panels-in-winter-weather-snow-affect-power-production/. Accessed 4 Dec. 2018.
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Table 1.Suitable Rooftop Locationsn Cal vi A6s Campus

Building Area (m?) Area (acres) Roof Type
Student Union 4,200 1.04 Unknown
Prince Center 3,500 0.86 Flat
Hekman Library 3,400 0.84 Flat
Hiemenga Hall 2,400 0.59 Flat
Physical Plant 2,000 0.49 Flat
DeVos CC 1,300 0.32 Flat
CFAC (Center area) | 1,200 0.30 Flat
DeVries Hall 1,200 0.30 Flat
North Hall 800 0.20 Flat
Mail Services 700 0.17 Flat
Total 20,700 5.12

Some of Calvindés | arger buildings, |ike the S

their tar and gravel roof type. Most of these roofs were installed in 2009 and are only expected to
last 30 years. In fact, they may need to be replaced even sooner due to an unexpectedly high rate
of deterioration. Rather than installing solar panels and needing to remove them just as they begin
to break even and make a profit, the team has opted tmidimgs with longer lasting roof types
instead. The Huizenga Tennis and Track building, despite its large size, cannot be used due to
concerns with the weight of the panels being too much for the roof to support.

4 Roof Areas were calculated using www.mapdevelopers.com/area_finder.php
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Table 2.Unsuitable Rooftop Locaiins on Cal vinds Campus

Building: Reason Roof is Unsuitable:

Science Building Roof is obstructed by several structures
including the observatory

Huizenga T&T Roof is unable to hold the weight of the
panels

Venema Aquatic Center Tar and Gravel Roof

Hoogenboom Center Roof is shaded by the Aquatic Center and
other buildings

Van Nord Arena Tar and Gravel Roof

Knollcrest Dining Hall Planned to be removed in the near future

Commons Tar and Gravel Roof

Commons Annex Planned to be removed in the n&gure

Spoelhof Center Tar and Gravel Roof and nearby trees shac

areas of the roof

Nature Preserve

Due to the cost of clearing an area for the solar panels and the possible difficulties in gaining
permission to remove part of the Nature Preserve nibithe main recommendation to clear an

area of the Nature Preserve. If any area of the preserve would have to be cleared, the area just to
the north of the tennis fields on the west side of Gainey Fields is recommended. This area has only
a few small tres that would be easier to remove and would not reduce carbon absorption
significantly.

Cost of Transmission to Campus

The cost of power transmission from the farth:i
investigated. Calvin has a power substation near the lower KE apartments. In order for the solar
energy to be useful it would need to be routed to the pavbstation. It was found that the farthest

point in Gainey complex is 0.9 miles from the substation. Consumers energy would install power
transmission lines that could handle the necessary amount of power for $22,000 for one mile. The
lines that would be stalled by Consumers Energy would be underground.
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2.4 GVSU Solar Farm

In studying the feasibility of solar power in Michigan, research was done to find if any other
schools had implemented a profitable solar farm in Michigan. The study of the solar garde
Grand Valley State University, Allendale campus was studied and used as a reference for the solar
team since it is in Michigan and very near geographically to Calvin campus.

GVSUGs solar garden was buil t | panelsmre mountédO0 16 a
on frames that sit on the ground and face south. The frames are static and do not track the sun. The
land the garden is on was given to Consumers Energy by GVSU to build the solar farm in an
agreement. The agreement allowed Consumersggi e invest and build the solar garden and in
return, GVSU would subscribe to buy 500 kil ow

In looking at the economics of the GVSU solar garden, the initial investment that Consumers
Energy made to builthe solar garden was $8 million. Given that the solar garden produces 3000
Megawatthours of electricity per year and that electricity is sold at roughly $0.1071 per kilowatt
hour, the solar farm produces $321,300 per year. With this revenue everhggaylback period

for the GVSU solar garden is calculated to be just under 25 years. Knowing this payback period
for an area in Michigan, along with the fact that solar technology is always improving, the team
was confident Calvin could achieve similaruks if not better.

2.5 Rehoboth

Rehoboth, New Mexico is an ideal location for a potential offsite solar array. The solar array
would be placed at Rehoboth Christian School (RCS). The reason for choosing this location, rather
than other New Mexico locations the extended relationship that Calvin College has had with
RCS. Calvin College performed a solar study for RCS in 2014 for their new Schimlever,

RCS did not put solar panels on the school based on a decision from the school board at the time.
The report also makes the suggestion to put the solar panels on the roof, but the contact at RCS
says they can be placed on the ground. The contact used from RCS was Ken Zylstra, the Director
of Advancement. There is more productive sunlight in New Maxthan in Michigan as seen in
Figure3. Theyhave roughly 300 acres of land to hold solar panels as seen in Figure 4.

5 "Rehoboth Solar Project Final Report." Calvin College, Calvin College, 28 Jan. 2014,
file:///C:/Engr%20333/2014_rehoboth_final_report.pdf. Accessed 2 Oct. 2018.
6 Ken Zylstra, Director of Advancement, 505-488-3900, kzylstra@rcsnm.org
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RCS is part of the City of Gallup, which is an extremely solar friendly citAugust 2018 the
city of Gallup built a 10 MW solar farm, which powers nearly 10% of the’cife city is open
to addingmore solar farms to their grid.

The relationship with RCS would be to reach an agreement to lease land from the school with
permisson to build the solar field. Then, Calvin would have to work with one of the power
companies based in the region to build a solar farm. From there, Calvin would have to work out
selling back the power to the grid in the city of Gallup. Lastly, Calvin dbale to hire managers

for the solar field because RCS could not take care of the field themselves.

2.6 Baseline Energy Use

Typically, baseline electricity usage is measured to be the minimum amount of energy required
from the grid at any given point in time. Since solar panels only produce power when direct
sunlight is available, the standard baseline calculation was alter@ulyt account for daylight
hours. This shortened the time frame for determining the baseline electricity usage frovoua 24
period to a Shour period during daylight hours. The data below in Figure 5 displays the minimum
electricity draw for every daydm June 2016 May 2017. The baseline value, which became the
production goal for the main recommendation, was determined based on the yearly minimum
electricity draw during the daily 9:00 AM to 5:00 PM time frames.

" "Nearly 10-MW Solar Farm Operational in Gallup, NM." Power Engineering, Staff and Wire Reports, 1
Aug. 2018, www.power-eng.com/articles/2018/08/nearly-10-mw-solar-farm-operational-in-gallup-nm.html.
Accessed 16 Oct. 2018.
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Calvin Electricity Usage Rate(2016-2017)

~

Electricity Rate [MW]

June July August  September October November December January February March April May
——Daily Minimum (9:00 AM - 5:00 PM) — Determined Baseline Alternative 1 Production Rate

Figure 5. Recorded rate of electiig usage for Calvin during the 20017 year

Because a solar power generating system is not capable of producing power outside of the specified
timeframe, all minimum electricitdrawsvalues not in the production periods were ignored to
allow the effetive baseline to be more accurate and relevant to the renewable source.

2.7 Cost Calculations

The route taken in determining required budgets, required land space, annual cost savings, and
buyback periods started with determining the effective cost ofltwricity output of a typical
system. Based on a report done by the National Renewable Energy Laboratory (NREL) for
commercial sized systems, the effective cost of electrical output in 2017 was $2.13 per Watt of
A/C power producetd As displayed in Figur 6 below, the cost per Watt of D/C power is $1.85.
This value was uniformly converted by the NREL report by a ratio of 1:1.15 to calculate the A/C
cost. The given cost accounts for hard costs as well asastft ands therefore amll-inclusive

value for the cost of producing usable A/C power. The value was conservatively raised to
$2.50/Wac to account for minor unaccounted for costs such as rooftop racking and bracketing
costs, the marginally negligible cost of annual maintenance requirec Ipatiels, and an extra
contingency cushion to ensure a conservative estimate.

8 https://www.nrel.gov/docs/fy170sti/68925.pdf
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The NREL report details the cost breakdown for residential scale, commercial scaldlitgnd ut

scale systems. Each has a specified range of system capacity, and due to economies of scale, the
larger the implemented system, the cheaper the overall cost, as seen below in Figure 7. The
commercial scale was selected because the system implemaé@at/in would fall within the

range of capacities of the commercial scale (200- RMW).
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Figure 7.NREL PV system cost benchmark summary (inflation adjusted),i2010.
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Once the cost of electricity output was determined, equations were develogetrmine the
feasible output of a system that Calvin could obtain with the $5 million budget. The system
capacity was determined by

Egn. 1 0 ® 0 Wn "W &oit o

Whered & fy "Gthiednvestment from Calvin [$], aridé | A @ o ¢ cEquation 1 provides

the nameplate capacity [W] of a system that could be purchased with any given amount of money
invested. Knowing the capacity of the system, the actual productiofhfg}dan be calculated by

using a capacity faot (0 "D

Eqn. 2 01 £ Q0 QMEE £¢6 0

The capacity factor determines the actual amount of the nameplate capacity that will be capable of
producingusable electricity. The value used for the capacity factor was dependent on location and

amount of total direct sunlight hours experienced. For theaompus scenariags 'O 1® x and

for locations in New Mexic@ "O T& ¢ ¢ These numbers were determineonf the average

hours of direct sunlight at each location. There are an average of 4.2 hours of direct sunlight in

Michigan and 6.3 hours in New Mexitdn accounting for the average amount of-fatensity

solar hours at a given location, the acfrralduction of the system can be calculated using Equation

2. Additionally, the annual savings [$/yr] of a given budget and corresponding purchased solar

system was calculated using Equation 3.

Eqn. 3 "YOU Qe DI € Qo aoERE ¢

Where the cost of electricity [$/kMir] was also dependent on location, determined by data from
the U.S. Energy Information AdministratidnThe payback period (PP) [yrs] for a given scenario
could be calculated using Equation 4.

Eqn. 4 00 6Qn BYdDHQE Qi

The payback period was one of the key metrics used in determining the feasibility of different
scenarios. Examining the required time for an initial capital investment to be paid off is a consistent
and accurate measuof the financial security of an investment. Finally, the amount of required

9 http://www.longtermsolar.com/solar-sunlight-hours/
10 https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=epmt_5 6 _a
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space needed to house the purchased system was calculated using an estimated average amount of
production per area (PPA) [Wift a space utilization factor, and the system cip§d/].

Eqn. 5 6 6@ 7O 000

The production per area was determined to be 15 {\\4itd the space utilization factor was set

at 0.40. This value was estimated taking into accthnhecessary space between panels to allow

for walking paths as wel |l as adjacent panel soé
obstacles and edges.

2.8 Solar Panels

Type
The two types of solar panels being considered for this proposal arerystéyline and
monocrystalline. The advantages and disadvantages of these options were closely evaluated.

Monocrystalline panels are the recommended option for this project. These solar panels are the
most efficient of any current solar panel witl2h5% efficiency rating. Monocrystalline solar
panels also take up the least amount of space, which is beneficial for Calvin where space is limited.
Lastly, these panels tend to have a longer lifetime than the other types of solar panels. The two
primary disadvantages of monocrystalline panels are their larger investment cost compared to
polycrystalline panels and the effect of shade on their efficiency. Shade from trees or other objects
can prevent an entire array from producing electricity.

The polyeystalline panels only have a-18% efficiency compared to the monocrystalline panels.
They also take up more space, which is a val
these panels are cheaper than the monocrystalline panels and are less sensitiperaturé.

Cleaning

The output of a solar panel is most obviously linked to the amount of sunlight it receives, but there

are a number of additional factors that can affect the amount of power generated. The effectiveness

of a solar panel decressif the surface gets covered in dirt or dust. Sprinkler systems and washing
services can clean off solar panel s, but due 1
let nature clean the panels.

11 Maehlum, Mathias A. "Which Solar Panel Type is Best? Mono- vs. Polycrystalline vs. Thin Film."
Energy Informative, Energy Informative, 16 Mar. 2018, energyinformative.org/best-solar-panel-
monocrystalline-polycrystalline-thin-film/. Accessed 2 Oct. 2018.
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Maintenance

Maintenance is a small cost whiewomes to solar power. A solar panel has no moving parts and
no fuel intake. If installed correctly, there are very few ways a solar panel could fail. If they do fall
however, it will most likely be due to corrosion in the wires that connect the patiedsinvertel®.

Annual inspections are recommended to insure maximum output and cost about $250 per
MegaWatt of panels.

2.9 Comments/Future Questions

If this project were to be continued, there are a few topics that might be researched further. First,
The Venema Aquatic Center and the Van Noord Arena were not used due to the short life span of
their roofs. Theoretically, these large roof spaces could be utilized, but it would involve removing
and reinstalling them once the roofs needs to be replacedun 20 years. Perhaps this process
would not be that expensive and these roofs could be used. Perhaps the solar panels might even
help increase the lifespan of the current tar and gravel roof by acting as a shield from the elements.
Another option that cdd use a more in depth research would be solar roofs over some of the
parking lots. Due to their large infrastructure cost over rooftop or ground panels, these were
discarded as an option. However, perhaps it would be economically feasible to covef thiew o
parking lots. The parking lot would have to be free from trees or building shadows, therefore the
recommended lots would be 1, 7, 8, 15 or 16. Lastly, new buildings may be added to Calvin in the
near future, with the Student Union as a prime exantpis.much easier to install solar panels

onto a new building because the roof design can be best accommodated for the panels and they
can be wired directly into the buildingds i nf

12 Dilthey, Max. "How to Maintain Your Solar System Year Round." Solar Power Authority, 14 Mar. 2017,
https://www.solarpowerauthority.com/maintain-solar-system-year-round/. Accessed 4 Dec. 2018.

13 Deign, Jason. "Drones could inspect 16 hectaresaday f o r | u s tSolar Rlaz& @ ®ept."2016,
https://www.solarplaza.com/channels/asset-management/11609/drones-could-inspect-16-hectares-day-
just-1800/. Accessed 4 Dec. 2018.
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3  Wind Appendix

The wind team explored the possibility of putting another wind turbine on campus. The main focus

of research was done in these sectors: requirements and laws, small turbines versus large turbines,
turbine placement, and off site investments.

3.1 Requirementdaws

Maxi mum turbine height i1is | imited due to Calywv
airport. The Federal Aviation Administration (FAA) set guidelines that requires any structures
constructed within 20,000 feet from any point on an airportvay that are 200+ feet tall to be
reviewed by the FAA for approval before constructib&ince this process could become very

costly as well as difficult legally, our turbine design is to remain under 200 feet. This eliminates

the possibility of erectinghe larger wind turbines such as 2 MW capacity ones, which require
towers of greater than 300 feet in height.

Another concern with wind power on campus was noise. Wind turbines produce machine noise at
audible frequencies to humans and animals. Nop@lagons prohibit any noise louder than 55

dB at the edge of oneb6s property. Thus, the t
law, and must be placed far enough from the property line to not disturb neighboring property
owners.

3.2 Turbine Sé&ection

Small and large turbines were looked into to determine which route would produce better results
on Calvinbdés campus.

Small turbines were not chosen for this project because of the amount of trees and buildings on
campus causing wind speeds neaftops to the ground to be low for economic viability. Smaller
turbines do not have as good of a power output as large turbines do as size tends to scale
exponentially. If a bigger turbine is able to installed, then it makes sense to take advantage of tha
extra increase in power. The smaller turbines also had worse purchaser reviews. When putting
turbines on top of buildings was studied, the real power output produced by these devices was an
extremely low percentage of their total capacity. It also wasodlered that for solar power, a
feasible option was to put panels on the roofs. Thus;mmamted wind turbines were removed

from the alternatives. This helped the wind team to decide to move to bigger turbines as they are
more efficient for mass produch of electricity.

Y4Federal Aviation Administration. Notification of Proposed Construction or Alteration on Airport Part
77, FAA, 24 Aug. 2017, www.faa.gov/airports/central/engineering/part77/. Accessed 9 Dec. 2018.
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Large turbines choices were limited as Calvin College proximity to the Ford International Airport
prevents building above 200 ft without special permission. Even under this height large turbines
close to the cutoff height may need toapproved by authorities.

The optimal turbine found was a NordtakK130 turbine. Using the power curve of the turbine

with wind speeds of the area collected at the airport this system would have a cost of $270,000 per
turbine with a payback period of 25 years producing 130 kW. Possible placement would include
the operarea around the cross country course where eight turbines could fit in 55 acres. This would
require cutting down at least some of the trees around the cross country track. This is to create
pathways to the turbines as well as having an area around tiretaldared so no trees would

grow into it or into the path of the blade. The specifications of the NTK130 turbine are shown in
Table 1.

Table 1L NTK 130 turbine specifications.

Number of Blades 3
Rotor Diameter 21m
Rotor Speed 44.5 rpm
Cutin Wind Speed 3.5m/s
Cut-out Wind Speed 30 m/s
Survival Wind Speed 53 m/s
Hub Height 27 m
Maximum Continuous Power Output 145 kw
The | ow power output from the wind reading ba

measurements by the Bunker Centev@s taken three meters off the ground and is below tree

line) and the similar data from the current wind tower, it seemed that wind did not create enough
power to be feasible. This data was compared to the wind data from the Grand Rapids airport

which produced a enough power to be feasible. The approach to compensate for the difference
was to take 80% of the airports data to provi
results in a payback period just shy of 25 years. As the expected lifstithe/ears for the

turbine, the project will barely break even. This then depends on the actual wind speeds in the
location of the proposed turbines. If Calvin wants to invest in wind, it would be advised to do an
actual wind speed study on campus atsii@e height as the wind turbine to determine accurate
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speeds at Calvindés |l ocation. A wind data |1 o0gg
thousand? This extra data will allow calculations to help determine feasibility.

3.3 Wind Speed Calculations

There were three different wind speed calculations that were done based off of data from Gerald
R. Ford Airport, Geology Department wind gauge by the Bunker Interpretive Center, and the wind
turbine located on the edge of the Nature Preserve. The wind daiefrom the airport had the

highest wind speeds since the airport had the least amount of obstructions. The data gathered from
Calvindés wind turbine was slightly | ower than
Bunker Interpretive Center besaiit was taken during the summer opposed to the Geology
Department data which was taken during the wi
turbine data led to total power outputs that were around 60% lower than the power output that the
airportdata produced. The Gerald R. Ford airport is about four miles away from Calvin so the
wind speeds at the airport should be close to
earlier, it would be beneficial to take wind speed readings at theedéscation of the turbine.

To find the average power output of the NTIRO turbine, calculations had to be done using wind
probability and the power curve for the turbine. The power curve for the N8DKturbine can be
seen in Figure 1.

NTK 130 Power Curve

Power Output (kKW)

4 B B 10 12 14 16 18
Wind Speed [m,s)

Figure 1. NTK-130 Power Curve

Wind speed probability data for the Gerald R. Ford airport was found by looking at the wind rose
distribution from the data collected by the National Weather Service for the airport. The probability

“AWind Speed Recording System | MeaBaometerg Wi nd Speed
Barometric Pressure Sensor | Brass & Aneroid Barometers,
www.scientificsales.com/ProductDetails.asp?ProductCode=110-
200&gclid=EAlalQobChMIgujw0czg3glV1luGChOopwcmEAKYASABEgLmMjvD_BwWE.
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