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Summary

The Ypsilanti Solar Project is a proposal to place solar photovoltaic panels on the south
wall of Ypsilanti’'s City Hall, and hopefully other buildings within the City lisin the

future. This report covers the benefits, installation plan, materials, costdrutdral
analysis of placing solar panels on the back of the City Hall.

Benefits to the City

The exit from 1-94 leads directly to City Hall. Because of the timing ofréd&c lights at
Michigan Avenue, inbound traffic often stops on Huron Street just behind City Hall. This
south facing brick wall is 40 feet wide and approximately 50 feet tall and, having no
neighbor to the south, the wall receives full sun throughout the day and year round. The
top of this south facing wall would be an excellent location for solar panels, providing
both electrical power and offering visibility for the general public, senaipgsitive

image to visitors and residents of Ypsilanti.




This potential project is already a hot topic among Y psilanti
residents. The project will be showcased on the City of Ypsilanti’:
website www. CityofYpsilanti.con) which will feature a small solar
power meter pictured here. The solar meter icon would show the
power being generated by the solar panels in real time, and also Solar
show the total electrical power generated for the day, for the mor ¢ KiloWatts
(last 30 days), and for the year (last 365 days). Clicking on the ic

would then lead the internet visitor to a solar web page which would

have graphs of electrical solar production along with power purchased froniitize ut
company and power consumed by the building. This page would also contain links to
papers and presentations about this project and other solar power informationaésesourc
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Initially this icon would only represent the power (solar and utility) foy Eiall. In the
future we would like to have this icon represent all the solar power being generate
within the City. This icon would then lead to multiple icons with a meter for each solar
installation within the City. Clicking on any of these meters would bring gitovito
graphs and information about that particular installation.

The ultimate long-term goal of this installation are: 1) To generate a sofgiyene
revolution within the City, encouraging more residents and businesses to wistall s
panels on their buildings; 2) To attract and grow new businesses, centered around
renewable energies, that would locate in Ypsilanti.; and 3) Generate usefulfpothe
residents of Ypsilanti at peak demand times, reducing our need for additional power
plants.

Installation

The current plan for City Hall is tc

put one row of Sanyo 205 watt 12 panels
solar photovoltaic panels on the 2460Watts
south wall just above the two $19.000

windows. A system schematic for Ypsilanti
this project can be seen in
appendix A.

The panels are 35.2 inches wide
with an installed width of 36
inches, making a string of 12
panels 36 feet long. The back wa
of City Hall is 40 feet wide,
leaving about 2 feet of brick on
either side of the panels. The
panels are 51.9 inches high and
will be hung at an angle from the
building so that they make a 38
degree angle from the horizontal. ™



City Hall South Wall Solar Panels

Sayno HIT 2035 watt Solar Panel
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To hold the panels at this angle, 13 triangular frames will be
constructed from Aluminum Uni-Strut extruded channels (mode|
number P1000 EA). This material comes in lengths of 10 feet a
would be cut and bent into the shape shown in the figure above
The corners would be welded or bolted together. These frames : - Y
need to be shimmed to compensate for irregularities in the bricli Sm==—=—rr e
wall. With 12 panels and 13 frames, each panel would be supp@F RS

on each side by a frame. The frames would be bolted to the brid
wall using %2 inch long lag shield anchors, which can be seen in the picture to the right
(lower anchor) and reference data given in appendix E. To install these aftlich
diameter holes would be drilled into the brick wall to a depth of 7 inches. The installer
would then have a short metal tube connected to compressed air to clean the dust out of
the hole. Epoxy cement would then be squirted into the hole and a 7 inch
long lag bolt would be lightly threaded into the lag shield and push to the
back of the hole. This configuration would place the lag shield in the center
of the three coursed brick in the wall and the epoxy, once set, would allow
for additional bonding of the anchor to the brick wall.

—

The panels would be attached to the frames using top mount clamps from
Uni-Rac specifically designed for Sanyo lipped modules. These clamps can
be seen in the picture to the left and also shown in the frame cross-section



diagram in appendix B. Reference material for the Sanyo HIT solarspearebe seen in
appendix H.

The installation would proceed by having all the material staged on the roiy éfall.

Once there, a person in a cherry picker would move into position for the middle frame.
Workers on the roof would lower the first frame using ropes and help hold it in place
while the person in the cherry picker would drill holes for the anchor bolts to hold it in
place. A second frame would then be lowered and anchored to the building in the same
way. To ensure proper alignment, once the first two frames are in place, teelérst

panel would be lowered and attached to the frames. Then the installation would proceed,
adding the next frame and then the next solar panel. Work would proceed outwards from
the middle until the last panel is placed for that half of the

row and work would continue again from the middle.

Once the panels are mounted, wire and conduit would be
attached to the building and the solar panels wired
together as two strings of 6 panels, wired in parallel, and
connected to the wires in the conduit. Near the bottom of
the south wall, an SMA Combi-Switch would be attached
to the outside of the building and the wires from the s
panels terminated within this box. A picture of the
Combi-Switch box can be seen to the right and refere
material found in appendix F.

From the Combi-Switch, the power goes to the SMA
Sunny Boy 2500u inverter installed inside the building
near the main power service box. A picture of the inve
can been seen here and referenced in appendix G. The
inverter converts the DC (Direct Current) power from the solar panels into AC
(Alternating Current) that is used by the
building. The inverter measures the

amplitude and frequency of the power

coming from the utility and matches that
power. It is UL listed and also checks for
power loss from the grid and will shut

down if the utility power grid goes down

as an additional safety feature. The Sunny
Boy has two terminals inside for the DC
power, one for positive and one for

negative, and two terminals for the two

120 volts AC wires. The Sunny Boy also

has grounding terminals for both the AC

and DC side. From the Sunny Boy inverter

the AC power is connected to the existing service panel using a 20 amp 240 volt breaker.




Net-Metering the Power

For DTE Energy net-metering, the installation will need 3 utility nsetene for the
forward power going into the building from DTE, one for theckward power coming
out of the building, and one for the onggEneratedpower. These meters will be
supplied by DTE, but the project will have to pay for the installation of the meteztsoc
The meters will have a customer interface on them and be read directly and@osiiy

by a computer. This information will be pooled on the computer and fed to the City of
Ypsilanti’s website. The information will be used to show total power consumption,
along with what percentage of that consumption is coming from on-site gendthg
solar panels) and what percentage is coming from the utility. It will eds& ainy amount
of over production that is sold back to the utility. See schematic in appendix A.

Cost Benefit Analysis

The cost of the installation is $18,534. Rounding this up to $19,000 and dividing by the
total watts (12 x 205w) we get a dollar-per-watt cost of $7.72 ($19,000/2460w), which is
reasonable. | have heard professional solar panel installers quote a rougth ginicet
$10/watt installed.

Michigan gets about 4.1 peak hours of sun a day for a fixed panel. Rounding this down to
4.0 and multiplying by 2460 watts, we should get 9,840 watt-hours of power per day, or
295 KWH (9,840 x 30 / 1000) per month. Conservatively the panels and inverter should
last over 30 years, producing a total of 106,272 KWH (295.2 x 12 x 30) of power for the
$19,000 investment.

Assuming a fixed DTE cost of $0.10 per KWH for electricity, 295 KWH of power would
cost $29.50 per month. 30 years of power at 295 KWH per month would cost $10,620
(29.50 x 12 x 30). It is very likely that electricity costs will go up, but even i&ytest
constant for the 30 years, the project would be paying a $7,914 premium ($18,534 -
$10,620) for power from this renewable source.

If we inflate the price of power by 4% each year, that same amount of power wauld cos
$354 ($29.50 x 12) for the first year, $368 ($354 x 1.04) for the second year, $383 ($368
x 1.04) for the third year and so on for 30 years. After 30 years this total would be
$19,854, so with an assumed 4% annual rise in power costs, the payback period for the
project would be less then 30 years.

Another benefit to the City is a constant price for power for the lifetimeeoftaterials.
Even if power prices spike, the cost of this portion would remain constant.



Iltemized Cost Estimate

Description Quantity Price Total
Sanyo HIT 205 solar panel

Wholesale Solar, 12 @ $1100 + $250 shipping

Affordable Solar, 12 @ $1102 + $250 shippjng 12 $1100.00| $13,450.00
SMA Sunny Boy 2500u inverter

Alternative Energy Store $1900 + $50 shipping

SC Solar $1900 + $50 shipping

Solar-Electric $1975 + $50 shipping 1 $1950.00| $ 2,000.00
SMA Combi-Switch 1 $ 380.0( $ 380)00
UniStrut, aluminum channel, 10 feet per frame 130 ft  $5.2/foot $ 6[6.00
Bolts/nuts/washers, 2 inches long, 3 per frame 39 $2/bolt $ 78.00
Anchor Bolts, 3 per frame 39 $2/bolt $ 78.00
Epoxy for anchor bolts, 1 tube per hole 30 $2/tube $ 78.00
Grounding lugs, 1 per panel 12 $1.00 $ 1p.00
UniRac, Top mount 12 panel kit, Sanyo 1 kit $46.50 $ 47.00
Grounding rod and clamp 1 $20.00 $ 20.00
Grounding wire 100 ft  $0.25/ft $ 25.00
Electrical conduit 100ff  $3/10 ft $  30/00
Stranded wire, 4 wires @ 100 feet 400 ft  $0.15/ft $ 60.00
Watt meter with customer interface and enclosure 1 $300.00 $ B00.00
DTE Co-Generation permit 1 $100.00 $ 100.00
Building permit 1 $100.00 $ 100.00
Electrical permit 1 $60.00 $ 60/00
Historic District permit 1 $30.00 $ 30/00
Misc. Hardware, fasteners, 240/20A breaker, etc 1 $50.00 $ |50.00
Labor cost — 4 person days 32|hr $30/hr $ 960.00
Cherry picker with operator 1 day city $ 0.00
Total $18,534.00

Structural Analysis of Installation

The design still needs to be evaluated by a licensed structural engineer. Tke bigge
concern for this installation is the pull-out forces on the anchors in the brick. Loaking a
the dead load forces in appendix C, we see a shear load on the anchor bolts of 12.8
pounds and a pull-out (tension) force on the top two anchors bolts of 12.8 pounds. These
are very small forces so for most of the time the ¥z inch anchors are more then enough.

Next we have to consider live loads on the structure. For the live loads calculations a
snow load of 10 pounds per square foot is used. Snow on the panels will quickly melt off
or slide off, because the panels are very smooth and dark. Once the sun comes out the
snow will slide off. This snow load will add 43.3 pounds of shear force and 46.6 pounds

of pull-out force on the top two anchors.



Wind is the biggest concern. The panels are mounted on the south side of the building so
there is no wind loading from the north. Wind from the south will push the panel onto the
building so it is not a concern. The east and west winds can also be ignored because they
blow along the structure with equal wind on both sides of the panels. The two wind
loadings to consider are an up draft and down draft. The worst case is a downdraft
because it will add to the snow load and the dead loads.

The worst case loading for the top two anchors is the dead load plus the snow load and
down draft load. In shear this will be (12.8 + 43.3 + 1516.3) 1572.4 pounds and (12.8 +
46.6 + 1630.0) 1689.4 pounds of pull-out force. See appendix D. The % inch long anchor
are rated as having a pull-out force of 2800 pounds in 6000 psi concrete. If the anchors
are not strong enough, we can add an additional anchor near the top of the frame and/or
use a larger anchor.

Funding the Project

The City currently does not have any available funds for this project. Furtterifribie

City did have extra funds, insulating City building, replacing lighting for mdreieft
models, and other energy conservation activities, should be a higher priority. The most
cost effective use of your dollar is to conserve energy. This is a demamspatdject and
meant to bring attention to energy conservation and renewable energies and promote
Ypsilanti as a city of the future.

An initiative has been started to ask the general public to fund this project. Gurent
have 56 people and businesses pledging $50 in support of this project. The website to
make a pledge is (www.PledgeBank.com/YpsiSolar). With a project cost of $19,000 we
will need ($19,000 / $50) 380 pledges to fully fund this project. Hopefully enough people
will support this project, or alterative funding sources found.

Issues and Concerns

One concern is the availability of panels. Sanyo 205 watt panels are not pléntiful.

Sanyo 205 watt panels are not available when we decide to purchase them, we might
consider 200, 195 and/or 190 watt panels. All have the same form factor, but would cost
less and produce less power. Another option would be to pick a different manufacturer,
but this might cause a redesign of the mounting frame.
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Appendix A — System Schematic



Appendix B — Mounting Frame/Solar Panel Cross-Section




Appendix C — Structural Analysis — Dead Loads




Appendix D — Structural Analysis — Live Loads




Appendix E — Concrete Fastener Reference Sheet



Appendix F — SMA Combi-Switch Reference Sheet






Appendix G — SMA Sunny Boy 2500u Inverter Reference Sheet






Appendix H — Sanyo 205 Watt Photovoltaic Solar Panel Reference Sheet






