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Executive Summary 
 

The Green Roof Team formed during the 2019-2020 academic year for the purpose of 

accomplishing the Green Roof Project. The goal was to transform the SIU Green Roof, an existing 

green space, into a multidisciplinary innovation hub for academic research across campus. One 

solution for encouraging researchers to know and become inspired to use the SIU Green Roof was 

by showcasing opportunities. As a result, the Green Roof Team pursued different projects 

including an autonomous irrigation system, micro wind turbine, and photovoltaic system.  

 

The Green Roof Team under the University Innovation Fellows program secured stakeholder 

support across campus towards the Green Roof Project. One important aspect of the project 

explored renewable energy initiatives from wind and solar energy. 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 

expanding and sustaining for future years, student engagement hands-on with renewable energy.  

 

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

sustaining for future renewable energy related opportunities for undergraduates:  

 

2020-2021 Install a temporary wind turbine on the SIU Agriculture Building.  

 

2021-2022 Acquire the finances for wind-solar hybrid system and grid-tied photovoltaic 

systems while training future renewable energy students on campus.  

 

2021-2022 Provide documentation, support, and finances for future renewable energy projects 

for a new Registered Student Organization focused on the implementation of renewable 

energy on-campus.  

 

The Renewable Energy Initiative is focused on providing Salukis with the hands-on training and 

certification of the implementation of renewable energy, or consultation.  
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Solar Feasibility Study 
 

This project is a subproject of the Green Roof Project focused on the implementation of 

photovoltaic systems for inspiring students and faculty to utilize the SIU Green Roof for their own 

research projects and promoting clean energy projects on campus. The chosen site is Roof Area D 

of the Agriculture Building shown in Figure 1 Project Site - Roof Area D.  More images can be 

found in Appendix A: Roof Area D Images.  

 

The site was chosen for the proximity to the SIU Green Roof as described previously as well as 

recommended by SIU Plant & Service Operations due to the roof warranty’s expiration in 2029 is 

more suitable in comparison to the roof between Roof Area D and the SIU Green Roof, Roof Area 

C, which expired in 2009 and will be reroofed prior to Roof Area D.  

 

According to the original construction drawings, Roof Area D has a roof slope ratio of 1/11 or 

approximately a 5 degree slope.  

 

 
Figure 1 Project Site - Roof Area D 

 

 

  

Roof Area D 
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Sun Path Diagram 
 

A sun path diagram shows how the sun will impact a specific site and building throughout the year. 

We can read the solar azimuth and altitude from Figure 2 Sun Path Diagram by PSO.  

 

 
Figure 2 Sun Path Diagram by PSO 
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PVWatts Calculator by NREL 
 

PVWatts is an online program by the National Renewable Energy Laboratory (NREL) for 

estimating the energy production and cost of energy for a grid-connected photovoltaic system.  

 

 

 
Figure 3 PV Watts Feasibility Study Results  
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PVGIS by European Commission 
 

PVGIS is a web application to understand the solar radiation for a specific location and determine 

the photovoltaic system’s energy production.  

 

 
Figure 4 PVGIS Feasibility Study Results  
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ArcGIS by ESRI 
 

Using the Area Solar Radiation tool in ArcMap, we found the areas on West campus with the 

greatest potential for future solar panel projects based on 2020 solar radiation data. The Area Solar 

Radiation tool calculates the incoming solar radiation from a raster surface in Wh/m2  and accounts 

for atmospheric effects, site latitude and elevation, steepness (slope) and compass direction 

(aspect), daily and seasonal shifts of the sun angle, and effects of shadows cast by surrounding 

topography (ESRI). The results of the solar radiation analysis indicate that the Agriculture 

Building is suitable for the current solar project as it has a high level of incoming solar radiation, 

and the buildings most appropriate to expand solar panels to include the Student Services Building, 

Parkinson, Anthony, Allyn, and Shryock on old West Campus, and the Life Science Buildings.  

 
Figure 5 GIS Feasibility Study Results 
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HelioScope: Advanced Solar Design Software 
 

HelioScope is a web-based photovoltaic system design software where we designed and simulated 

the system’s efficiency. Figure 6-Figure 8 below show the results for a designed 10kW system on 

the SIU Agriculture Building’s Roof Area D. Results for a 3kW and 5kW system can be found in 

Appendix C: Feasibility Study - HelioScope. Additionally, the manufacture’s specifications for 

the items used can be found in Appendix D: Manufacturer’s Specification. 

 

 
Figure 6 Helioscope Overview Results 
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Figure 7 Helioscope Feasibility Study Results 
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Figure 8 Helioscope Shading Heatmap 

 

 
Figure 9 Helioscope AutoCAD Electrical Diagram 
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For comparing the results with the results of the following section found with ArcGIS, we divide 

the annual energy measured in kWh by the below for the final units measured in Wh/m^2.  

 

𝐴𝐶 𝐸𝑛𝑒𝑟𝑔𝑦 ∗

100𝑊
𝑘𝑊

𝐴𝑟𝑒𝑎
=  22000 𝑊ℎ/𝑚^2 

 
𝐴𝑟𝑒𝑎 = 𝑚𝑜𝑑𝑢𝑙𝑒𝑠 ∗ 𝑙𝑒𝑛𝑔𝑡ℎ ∗ 𝑤𝑖𝑑𝑡ℎ =  

31 𝑚𝑜𝑑𝑢𝑙𝑒𝑠 ∗ (1.961 𝑚𝑒𝑡𝑒𝑟 ∗ 0.993 𝑚𝑒𝑡𝑒𝑟) = 60.37𝑚^2 

 

Below is the specification for the PV modules used in the Helioscope simulation: 

 

 
Figure 10 Helioscope System Area Calculation 
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Grid-Tied PV System – Preliminary Design 
 

A standard grid-tied system is shown in Figure 11 Grid-tied Wire Diagram. Grid-tied system 

follow specific building codes and guidelines set forth by professional bodies to maintain safety 

and a high level of quality. For the wiring, a conduit will be used appropriately for any 

connections made as well as protection for the wire.  

 

 
Figure 11 Grid-tied Wire Diagram 
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Safety Concerns 
 

For safety in relations to photovoltaics, we referred the National Electric Code, Article 690 with 

the following. Installation will be performed by qualified personnel referred in Article 100. The 

electrical circuit will have a max voltage determined based on the ratings of conductors, cables, 

disconnects, overcurrent devices and other equipment; DC-DC converter source and output 

circuits such as a single DC-DC converter where the max voltage is the max rated voltage output 

of DC-DC convert. The maximum current is determined based on the circuit’s current. Overcurrent 

protection is integrated within the charge controller which will be placed in the same polarity for 

all circuits within the system.  

 

The disconnection location will be accessible with less than six switches within the circuit breaker 

and properly labeled with warning of shock hazard. The system’s label will contain the voltage, 

current, power, AC frequency, and overcurrent information.  

 

The charge controller will have the system’s circuit match the voltage ratings and current 

requirements of the interconnected battery cells and the maximum charging current multiplied by 

one hour is less than three percent of the rated battery capacity expressed in ampere-hours.  
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Solar PV at SIU Carbondale 
 

In 2004, SIU installed a 28kW photovoltaic system by the SIU Plant & Service Operations 

building. The system has produced over 91,000kWh of electricity and has been used for 

educational and research opportunities.  

 

 
Figure 12 PSO's Photovoltaic System (SIU Sustainability Office, 2021) 

 

Other photovoltaic systems on campus includes the solar charging picnic tables with an umbrella, 

four seats, a 110-volt charger, and a display box with two USB ports. As well as solar powered 

trash compactor.  

 

 
Figure 13 SIU Solar Charging Picnic Table (SIU Sustainability Office, 2021) 
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Additional Solar Energy Sustainability Projects 
 

While a 3-5kW, at a minimum, grid-tied photovoltaic system is the Green Roof Team’s primary 

project, we recommend several additional projects for any additional funds available shall be used 

towards. The projects listed in this section are ordered in a non-specific order and all related to the 

improvement of campus sustainability.  

 

Other Rooftop Solar Installations 
 

Once we reach the maximum number of panels on the SIU Agriculture Building’s Roof Area D, 

we will use any remaining funds, within reason, to install additional solar systems on 

recommended buildings based on the GIS Feasibility Study found in Appendix B: Feasibility 

Study – ArcGIS Maps.  

 

Campus Energy Dashboard 
 

A campus energy dashboard measures the energy use of overall buildings and digitally 

stores/allows the public to view the energy use for a selected timeframe.  

 

Solar Tree 
 

A solar tree is a product designed for aesthetics while converting the sunlight into usable electrical 

energy. Similar to the solar charging picnic tables seen on campus, a solar tree is a structure for 

showcasing our support and dedication to improving our campus’s sustainability.  
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Recommendations 
 

The Green Roof Team at Southern Illinois University Carbondale recommends installing, at 

minimum, a 3-5 kW photovoltaic system on Roof Area D of the SIU Agriculture Building in 

Spring 2022. The importance of the site is the proximity of the SIU Green Roof where this system 

will serve as an inspiration for students to use the SIU Green Roof for their own research projects 

as well as developing renewable energy related projects.  

 

Once a 3-5 kW photovoltaic system obtains project success, where the project obtains design and 

installation approval, the next opportunities include increasing the size of the system based on the 

roof size and available budget. Once the system is maximized, a new feasibility study for more 

rooftop systems and ground mounted solar trees will be explored until budget depletion for the 

goal of providing student opportunities in the clean energy field.  
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Next Steps: Design and Cost Considerations 
 

The decision to install a photovoltaic system on the Agriculture Building is multifaceted. If this 

initiative moves forward, the next step required is to conduct an engineering study, which is 

necessary for establishing an actual project design. The essence of the engineering study is to 

design the actual solar installation, evaluate and estimate the power generation, and determine the 

cost and benefits of the installation for the life span of the project. Results of an engineering study 

should include design scope and financial cost derivations including, but not limited to: 

 

• Solar PV module cost (approximately $5.00 per DC Watt) 

• Engineering design, includes electrical, architectural, and structural analysis 

• Mounting equipment 

• Electrical equipment, includes inverters, isolation transformers, lightning protection, 

conduits, cables, grounding wires 

• Material delivery and storage 

• Labor wages 

• Construction drawings and reproduction 

• Permit fees 

• Ameren Transmission Fee 

• Maintenance training manuals 

• Maintenance, casualty insurance, and warranties 

• Spare parts and components 

• Testing and commissioning 

• Overhead and profit 

• Construction bond and liability insurance 

• Mobilization cost, site office, and utility expenses 

• Federal taxes and state sales taxes 

• Insurance/liability considerations 

 

The Green Roof Team will work on the preliminary designs with collaboration of SIU Plant & 

Service Operations and certified local solar contractors as an educational opportunity.  

 

An estimated budget for photovoltaic systems is $5,000-7,500 per kW installed. This is an average 

derived from SIU Plant & Service Operations and literature reviewed. The SIU Foundation is 

assisting with writing various clean energy related grants and assisting the Green Roof Team 

acquiring corporate sponsorships. Available funds will be managed by the SIU Research Park and 

cost efficiently for minimizing cost overruns.  
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Appendices 
 

Appendix A: Roof Area D Images 
 

 
Figure 14 Roof Area D Image 

 

 
Figure 15 Roof Area D Image 
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Appendix B: Feasibility Study – ArcGIS Maps 
 

Below are the results of a Solar Radiation Analysis from ArcGIS on SIU Carbondale’s campus.  

 
Figure 16 GIS Feasibility Study Results 
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Appendix C: Feasibility Study - HelioScope 
 

Below are the results of a 5kW system installed on Roof Area D.  

 

 
Figure 17 Helioscope Overview Results 
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Figure 18 Helioscope Feasibility Study Results 
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Figure 19 Helioscope Shading Heatmap 
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Below are the results of a 3kW system installed on Roof Area D.  

 

 
Figure 20 Helioscope Overview Results 
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Figure 21 Helioscope Feasibility Study Results 
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Figure 22 Helioscope Shading Heatmap 
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Appendix D: Manufacturer’s Specification 
 

Below are the manufacture’s specifications for the equipment used in the Helioscope simulation.  

 
Figure 23 Inverter Specifications 
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Below are the manufacture’s specifications for the equipment used in the Helioscope simulation.  

 
Figure 24 PV Module Specifications 
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