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Foreword
The Green Roof Team formed in Fall 2019 for the purpose of executing the Green Roof Project.
The goal was to transform the SIU Green Roof, an existing green space, into an interdisciplinary
space for academic research across campus. Our solution included a marketing campaign for
showcasing opportunities sampled by the Green Roof Team who pursued different projects
including a smart irrigation system, temporary wind turbine, and photovoltaic system.

The Green Roof Team under the University Innovation Fellows program secured stakeholder
support across campus for the Green Roof Project. One field integrated is renewable energy
which focused on promoting the future of electrification in the world where SIU Carbondale is a
well-known university for its research in clean coal and operating a coal-fired power plant on
campus which produces steam, which is used to heat campus buildings, produce chilled water for
cooling, and to generate electricity. As a result, the team is bringing a new resource with the
intent of inspiring future years, student engagement hands-on with renewable energy.

The Green Roof Team’s Renewable Energy Initiative is encompassed in a two year plan:

2020-2021 Design and install a Temporary Wind Turbine on the SIU Agriculture Building.
Start an initial solar feasibility and inquire steps for a future installation.

2021-2022 Redesign the Temporary Wind Turbine with a focus on increasing the tower’s
height and manufacturing the blades in-house.
Competed in NREL’s Solar District Cup and further a future solar installation.

2022-2023 Execute a grid-tied solar installation.

The Renewable Energy Initiative consists of the Wind and Solar Energy projects of the Green
Roof Team and focused on providing Salukis and involved students with the hands-on training of
renewable energy and aerospace design.
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Executive Summary
The Temporary Wind Turbine is a subproject of the Green Roof Project by the Green Roof
Team’s Wind Turbine and Solar Teams. The project’s focus is on the design, approval, and
installation of a non-permanent small wind turbine on SIU Agriculture Building’s Roof Area C.
The chosen site, Roof Area C, was recommended by Facilities and Energy Management with
consideration of the roof warranty’s expiration of 2009 and access to the building’s mechanical
room through Roof Area D seen in Figure 1 and a detailed layout drawing in Appendix C.

This proposal outlines and shows the technical feasibility for a redesigned Temporary Wind
Turbine, similar to the 2021 installation with ballast, and connected by guy wire to a temporary
anchor, a solar module, in all four cardinal directions for further support on Roof Area C where
the tower’s design is found in Appendix B.

Based on our calculations seen in Appendix D, the Wind Turbine will be ballasted with 375lb of
sand where the structure’s total mass is 530lb and surface area is 7 square foot leading to a dead
load of 75 pounds per square foot. Since our wind wheel diameter is larger than last year and
tower maximum adjustable height is taller, we are incorporating guy wires to solar modules to
ensure an overturning factor of safety of 1.50. The minimum solar ballast per module is 241lb of
sand and dead load is 10.70 pounds per square foot to ensure an overturning safety factor of 1.5
at 70mph. The guy wire’s tension force is 340lbf which is below the breaking strength of the
largest capable size for our guy wire ring, 3/8” (ultimate strength of 15,400lbf) where we will
select 3/16” guy wire with an ultimate strength of 3,990lbf, located at the highest extension
for the wind turbine where the tower’s extension is denoted as x1. Iterations of varying tower
extension heights, x1, and wind wheel diameters at 70mph can be found in Appendix D.

Figure 1. Project Site - Roof Area C Proposed Layout
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Scope of Work

Green Roof Team Fall 2021 - Spring 2022
The Green Roof Team will be responsible for providing preliminary calculations and designs for
FEM’s approval, then preparing the Wind Turbine mounts, rubber matting, rigid PVC, solar
modules, solar racking, and ballast at the Agriculture Building’s breezeway for installation with
FEM’s assistance, see below, then installing any other materials by carrying up the ladder at a
later date in April if not ready by the installation, see Figure 2 for proposed Gantt Chart.

NOTE. The solar modules will not be electrically connected due to funding, the modules act as a
temporary anchor for the wind turbine’s guy wires.

Facilities and Energy Management (FEM) Spring 2022
We ask FEM to assist the Green Roof Team in late March/early April by providing a cherry
picker for moving the powdercoated Wind Turbine mount, solar module, solar racking, and
ballast at a minimum to Roof Area C.

Green Roof Team Fall 2022 - Spring 2023
Pending funding, the Green Roof Team will be responsible for creating a visual display below
the Agriculture Building’s breezeway for showing the energy production by the PV system along
with promotional content for engaging with students interested in the Green Roof. Additionally,
procuring funding for purchasing equipment and labor from FEM for interconnecting the solar
array.

Figure 2. Proposed Installation Gantt Chart
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Engineering Design
This section describes the Wind Turbine’s mount, blades, electrical system’s design as well as the
solar system’s design. Below, Figure 3 depicts the proposed Roof Area C’s layout. There is a
minimum 10 foot space between the edge of the roof to any material. We will move the 2021
Wind Turbine currently installed to a more visible area, above the building’s breezeway near the
parking lot and not electrically connected as a cost savings. The two new proposed Wind
Turbines will be connected using 12 AWG wire running through rigid pvc pipe conduit until the
south edge of the roof where a flexible pvc pipe conduit will be used to run the wires to Roof
Area B where an energy storage device described in the Electrical System section is located.
Each Wind Turbine will be ballasted and connected to four solar modules by guy wires for
ensuring an overturning safety factor of at least 1.5 given a 70 mph wind gust.

Figure 3. Roof C Layout
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Tower Design

The drawing for the proposed Wind Turbine mount is seen in Figure 5 on the following page and
Appendix B. The base is identical to the 2021 Wind Turbine with ballast to counteract the
moment created by a 70mph wind gust. Due to the choice of a horizontal axis wind turbine with
a larger wind wheel diameter and desire for a taller tower, we selected to design an adjustable
tower by using a pin, bolt, similar to an adjustable basketball hoop. The centroid for the
maximum height of the Wind Turbine’s hub is 11.5 feet from the ground where x1 is 3.5 feet and
there is one foot of the inner tube inside of the outer tube. At this height, the guy wire’s tension
is 340lbf where each solar module will require at least 241lb of ballast to maintain an
overturning safety factor of 1.5 for the system. Figure 4 below is the most extreme iteration for
varying the tower’s extension, x1, given the largest expected wind wheel diameter, 51”, and max
wind gust, 70mph. The guy wire ring will be located at x1, the maximum height without
interfering with the blades.

Figure 4. Most Extreme Iteration

The tower will be manufactured with 4130 alloy steel from McMaster-Carr for their Young’s
Modulus of 205 GPA and weldability. A 36” x 36” x 1/4” sheet will be cut into a 35” diameter
circle where the corners will be welded as gussets. A hole will be drilled in the center for
water drainage from inside the hollow tubes. A rubber matting will be used underneath to
protect the roof.

Due to McMaster-Carr’s inventory, we were limited to tube sizes. As a result, we chose a 2”
inner tube to fit our Generator’s and Guy Wire Ring’s constraints. The inner tube has a wall
thickness of 0.095”. The outer tube has an outer diameter of 2.5” and inner diameter of 2.124”.
We will have a rubber sheet between the inner and outer tubes to fill the 0.124” gap since
any other tubes with a tighter fit were unavailable. With the choice of 4130 alloy steel, column
buckling was not a concern.

One additional calculation conducted was the fundamental natural frequency of the tower
which equated to 0.46Hz at x1 = 4 and 0.86Hz at x1 = 0. A rubber pad will be placed between
the generator and the inner tube to further reduce vibrational noise generated by the structure.
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Figure 5. Assembly Drawing
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With the assembly modeled in Solidworks, an analysis was conducted and depicted in Figure 6
below. A force was given at the Wind Turbine’s maximum hub for a wheel wind diameter of
52” and a 70 mph wind speed. The force was calculated to be 178lbf.

The results show a displacement of 6.1” at the Wind Turbine’s hub which is twice the
displacement of the 2021 Wind Turbine at 70mph and their respective wind wheel diameter.

Figure 6. Solidworks Simulation - Displacement given a 70mph Wind Speed (178lbf)
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Blade Design

The design process started with a Computational Fluid Dynamics (CFD) simulation of the SIU
Agriculture Building seen in Figure 7 based on wind data from the Southern Illinois Airport. The
simulation provided an estimated wind speed over Roof Area C based on the wind’s interaction
with the surrounding trees and buildings.

Figure 7. CFD analysis of the wind pattern in the green roof.

Based on the anticipated wind speed from the simulation, we applied the Blade Element Moment
(BEM) Theory for evaluating the performance of the airfoils based on their aerodynamic and
structural characteristics. In BEM, the blade is divided into elements and the loads are calculated
within each element. Then, the calculations uses the relationship of various factors such as the
tip-speed ratio, number of blades, airfoil aerodynamic characteristics, forces generated, etc, for
the definition of the optimized chords and twist angles. This method allows not only the
simplification of the blade design process, but the development of blades with multiple airfoil
shapes along its radius.

For a reliable application of the BEM theory, the software Q-Blade, an open source wind turbine
rotor blade calculation and design software, was used. Seven undergraduate students were able to
define an air foil seen in Figure 8, compute their polar performance, and simulate the
performance as seen in Figure 9.

Multiple airfoils and blade configurations were tested before selecting the specific blades for
Roof Area C two new VAWTs. The final airfoils selected produce a high lift for small winds,
based on the CFD simulation. A 3 blade configure was chosen with consideration of a 5 blade
configure choice due to performance, manufacturing, and cost effectiveness.
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Figure 8. Blades designed in the Qblade software.

Figure 9. Green Roof wind turbine simulation with the power output.
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Based on a material selection process through CES EduPack, owned by Ansys, Carbon Fiber
was selected due to its ability ot manufacture the blades with a manual wet layup process and
mechanical characteristics: strength, stiffness, density, facture toughness. We specifically
selected carbon fiber woven sheets at 210 grams per square meter, 2x2 3,000 twill fiber for the
blades. This is the most common carbon fiber type used in a variety of applications for
high-performance materials.

The blades shall be manufactured using a manual wet, open mold layup process employing a
3D-printed mold. This process is common with fiberglass and other similar composites. A mold
for the blades will be printed from a FDM 3D printer. Layer by layer, epoxy is brushed onto the
mold and then carbon fiber sheets are gently laid on top. The carbon fiber cures and removed
from the mold. Epoxy is applied to any areas of imperfections, allowed to cure, and then a
finishing layer is applied for UV resistance.

Overall, this method is simple and cost effective for individual parts manufacturing. The method
will produce carbon fiber blades that are resistant to environmental stresses and will harness
wind energy in an optimized fashion.

Figure 10. Blade Material Selection
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Electrical System

The electrical system was redesigned from the 2021 Wind Turbine where a custom PCB
designed with the assistance of our mentor at dlhBOWLES will replace the distributed power
board. The board in its weatherproof container will be located in a weatherproofed battery box
on Roof Area B. All wiring will be connected directly into the board shown in Figure 11. The
Wind Charge Controller, described in Appendix F, will be plugged directly into the board along
with the wind sensors, anemometer and wind vane, and 12V battery. A 10A fuse will be used to
protect the charge controller and microcontrollers, which is larger than the calculated 2A
required. Each Wind Turbine will have their own board to monitor their individual power
generation, but connected to a single battery due to the low power generation expected.

An additional consideration is connecting one solar module to the battery for ensuring the
battery’s health. The remaining proposed seven modules will not be connected for cost savings
and technical feasibility since low energy levels will be consumed daily.

Design 1 will have a total of 183 feet and Design 2 will have a total of 162 feet of 12 AWG
wire running from their respective generator through their mount, then rigid pvc on Roof Area
C, then flexible pvc down to Roof Area B for connecting to the energy storage device.

Figure 11. Custom Design PVC Board based on 2021 Wind Turbine
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Solar Array

The system was designed in Aurora Solar, seen in Figures 13-14, based on lessons we learned
through NREL’s Solar District Cup. This software allows the design, simulation and financial
analysis of a system. We chose the module model: CS3U 375 MB-AG based on the item’s
availability locally and a potential discount by our sponsor, Supplied Energy, along with a mount
from QCells. Figure 12 shows the position of the modules based on our layout in conjunction to
the Wind Turbines seen in Appendix C. The modules’ center is 90° in relation to the center of the
Wind Turbine based on the guy wire calculations. The modules are facing southwards with a 10°
for optimal solar exposure.

When fully connected, the 3kWdc system can generate an expected 3,600kWh/year based on
PVWatts found in Appendix E. Please note we will not connect any modules due to insufficient
funds for an interconnection at this moment as described previously. We will consider connecting
one module to our energy storage device for ensuring the battery’s health. Otherwise, the primary
role of the modules will serve as a temporary anchor for the Wind Turbines.

Figure 12. PV System Wiring
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Figure 13. LIDAR view of the Site

Figure 14. Animation View of the Site
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Appendix A. Letters of Support
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Appendix B. Structural Drawing
Note. x1 is the distance between the top of the outer tube and bottom of the wind wheel diameter
which varies between 0 and 3.5 feet. Material Specification can be found in Appendix F.
Note. Dimensions are in inches.
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Appendix C. Roof Layout Drawing
Note. There is a minimum of 10 feet between the edge of the roof and any item. Rigid PVC will
be used as conduit on Roof Area C and flexible PVC when moving to Roof Area B.
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Appendix D. Structural Calculation

Green Roof Team
1740 Innovation Dr.
Carbondale, IL 62901
hello@greenroofteam.com



Report
Project Name: Temporary Wind Turbine 2022 Rev. 01 Page 22 of 42
Site Location: SIU Agriculture Building - Roof Area C

Green Roof Team
1740 Innovation Dr.
Carbondale, IL 62901
hello@greenroofteam.com



Report
Project Name: Temporary Wind Turbine 2022 Rev. 01 Page 23 of 42
Site Location: SIU Agriculture Building - Roof Area C

Green Roof Team
1740 Innovation Dr.
Carbondale, IL 62901
hello@greenroofteam.com



Report
Project Name: Temporary Wind Turbine 2022 Rev. 01 Page 24 of 42
Site Location: SIU Agriculture Building - Roof Area C

Green Roof Team
1740 Innovation Dr.
Carbondale, IL 62901
hello@greenroofteam.com



Report
Project Name: Temporary Wind Turbine 2022 Rev. 01 Page 25 of 42
Site Location: SIU Agriculture Building - Roof Area C

Appendix E. PV Watts Solar Feasibility
Note. Assuming 8 modules of 330Wdc with optimal angle.
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Appendix F. Manufacturer’s Specifications
4130 Alloy Steel - Sheet
Note. The sheet will have the plasma cutter to cut the sheet into a circle with a diameter of 3’ and
a hole of 1-1.5” in the center to allow water drainage from inside the tube.
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4130 Alloy Steel - Outer Tube
Note. A hole will be drilled at the bottom between gussets for the 12 AWG wire to exit.
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4130 Alloy Steel - Inner Tube
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Guy Wire
Note. Both the guy wire ring and locking collar will fit the inner tube proposed.
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Wind Turbine Generator
Note. We are manufacturing the blades to fit this wind turbine’s hub with carbon fiber.
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Solar Module
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Solar Racking
Note. We will receive a discount through our sponsors: C.H. Electrical and Supplied Energy.

Green Roof Team
1740 Innovation Dr.
Carbondale, IL 62901
hello@greenroofteam.com



Report
Project Name: Temporary Wind Turbine 2022 Rev. 01 Page 42 of 42
Site Location: SIU Agriculture Building - Roof Area C

Green Roof Team
1740 Innovation Dr.
Carbondale, IL 62901
hello@greenroofteam.com


