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PROJECT SUMMARY 

 

 
As Cyclone Energy, we performed a site assessment of Hilton Coliseum to identify the building’s 
energy inefficiencies and provide possible solutions. After completing the site assessment, we 
determined the following to improve on: Lighting, Heating Ventilation and Air Conditioning, 
Building Envelope, and Wind Energy. This proposal focuses on the above areas and 
additionally includes a project schedule, estimate, financing plan and LEED EB review. 
 
The Lighting Retrofit/Renovation proposes improvements on the seating areas, main floor, 
concession stands, lower level, and exterior lighting. The current fixtures will be replaced with a 
variety of innovative fixtures that will greatly reduce the lighting energy consumption. 

 
During the energy analysis, we identified two areas to improve energy use and determined the 
feasibility of each solution. The first area is the dated HVAC system. The system needs 
replacement but does not provide adequate payback to justify the retrofit on energy use alone. 
A second, more feasible option is the installation of Variable Frequency Drives on the air 
handlers located in the attic. The VFD units will pay back quickly and save a significant amount 
of energy per year. The second area identified for improvement is the buildings window system. 
The original single pane windows will be replaced by triple pane, 3mm low-E insulated glass, 
argon filled windows that will reduce the building’s heating and cooling cost by $170,293 per 
year. 

 
Through the Photovoltaic and Wind analysis, we determined multiple green/renewable energy 
options for Hilton Coliseum and decided that a Windspire system will be the most effective. The 
Windspire system is able to provide 1% of Hilton’s annual energy use. It will also be an effective 
tool for publicizing Iowa State’s Live Green! initiative and commitment to green energy 
practices. 

 
A LEED-EB analysis was conducted on how the newly renovated portions of the building will 
contribute to the achievement of LEED-EB points. Through this effort, we identified twenty-one 
possible points for our proposed project. During this investigation, we realized the full extent of 
Iowa State University’s commitment to sustainability and decided to perform a full LEED-EB 
analysis. There are 66 possible points, which if pursued, will give Hilton Coliseum a LEED-EB 
Gold certification. 
 
If the proposed schedule was approved and Notice to Proceed given by May 7, construction will 
be completed by July 23 so that there is minor interference with the owners’ operations. 
 
Cyclone Energy elects to weight the technical content analysis as follows: a 1.4 multiplier for 
Lighting Analysis, a 0.6 for Energy Use Analysis, and a 1.0 for PV/Wind Energy System Design.  
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CLIENT SUMMARY 

 

 
Iowa State University of Science and Technology was originally established in 1858 as an 
agricultural college and model farm. It has since blossomed into a college campus offering one 
hundred different majors and catering to 28,000 students. Iowa State University is a leader in 
the community in promoting sustainability, green energy use, and LEED building practices. Iowa 
State currently employs the Live Green! sustainability initiative. Live Green! encourages all staff, 
faculty, and students to be fully committed to making ISU’s campus, its operations, and 
initiatives as “green” as possible. In addition, Iowa State is actively pursuing LEED building in all 
of its new construction and building renovations. The two most recently completed buildings on 
Iowa State’s campus are Hach Hall bio-renewables laboratory and the King Pavilion.  Both 
received LEED Gold and Platinum, respectably. We believe that a Hilton Coliseum 
renovation/retrofit will be an effective way to further promote green energy and LEED building to 
the wide range of audiences that visit the space. This will be achieved while improving the 
building’s energy usage, reducing its carbon footprint, and its operating cost. 

 

 
 
 
 
 
 
 
 

 

 

 

Figure 1. Hilton Coliseum 

 
Hilton Coliseum, shown in Figure 1, is an Iowa State University landmark and is home to the 
Iowa State Cyclone basketball, gymnastics, volleyball, and wrestling teams.  In addition, it hosts 
many events, ranging from concerts to the Iowa State Engineering career fair. Hilton Coliseum 
is one of the few buildings on campus that every student will enter at least once in their Iowa 
State experience. Opening on December 2, 1971, Hilton Coliseum is named after the late Iowa 
State president Dr. James H. Hilton, who actively encouraged construction of the building. Hilton 
is a four-level building that includes an attic space and two levels of audience seating, capable 
of hosting up to 14,356 fans at a single event.  It is recognized as one of the nation’s top arenas 
for hosting collegiate basketball in the nation.  Hilton has experienced some renovations in the 
past couple years.  Some of the renovations were undertaken for improving energy efficiency 
and reducing yearly operating cost. However, there is still room for improvement. In this 
proposal, we will identify areas of concern and suggest improvements that will make Hilton 
LEED eligible. 
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TEAM RESUMES 

 
 

  

Alex Weiss: Senior, Electrical Engineering 

 PV/Wind Energy System Design 

Paul Speed: Senior, Civil Engineering 

 LEED Existing Buildings Review 

Eric Ryan: Junior, Construction Engineering 

 Financing Plan, Energy Use Analysis 

Megan Vollstedt: Senior, English 

 Outreach 

Justin Wenger: Junior, Construction Engineering 

 Lighting Analysis, Schematic Estimate and 
Schedule, Site Assessment 

Bryan Whitson: Junior, Construction Engineering 

 LEED Existing Buildings Review, 
Schematic Estimate and Schedule 

MISSION STATEMENT 
 
Cyclone Energy is dedicated to providing our clients with the best value in energy, 
lighting, and renewable energy consulting solutions, through cost analysis, feasibility 
studies, and innovative thinking. Our engineering professionals will find the solution 
that best fits our clients’ needs. 
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LIGHTING RETROFIT 

 

 
The current lighting in Hilton presents several opportunities to reduce the building’s energy 

consumption. Iowa State has worked to maintain and update the building’s lighting during 

additions and remodels, but there are still many lighting areas in Hilton that need to be 

retrofitted. We propose that Iowa State invest in a complete lighting retrofit in several main 

areas of Hilton Coliseum. Updating Hilton’s current lighting system will allow for improvement of 

its lighting quality and its efficiency of energy use. Figure 2 below shows an overview of the 

Hilton Coliseum floor plan. 

 

 

  

Figure 2. Floor Plan of Hilton Coliseum 
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EXISTING CONDITIONS 
 
As a sports arena, Hilton Coliseum has many levels of usage. During events that occur in the 
coliseum’s main floor area, lighting functions are at full capacity. Even when there is not an 
event, Hilton is still occupied by many office employees and maintenance staff. During these 
times, many areas of the building are unnecessarily lit for the entirety of work day. For this 
reason it is crucial to optimize the energy usage in all areas of the building, providing a basis for 
our proposed retrofit. 

 
The majority of the building is currently lit using a combination of incandescent and compact 
fluorescent can lights, along with T8 and T12 fixtures. During hours when there are no events, 
the majority of Hilton is efficiently lit using a minimum amount of fixtures. All of the offices and 
restrooms also utilize fluorescent lighting and occupancy sensors. Due to the type of building, 
there is little opportunity for the windows to provide beneficial daylight harvesting. Where there 
is natural light available, the outer concourse and stairwells are currently set to utilize daylight 
harvesting and so most of the fixtures are left off during the day.  

 
Through our site analysis (Figure 3) and proposed retrofits, we have identified several key 
areas which can provide opportunities for substantial energy savings. In this proposal, we will 
expand on the different energy saving options and benefits in each of the following areas: 
 

 Lower Level 

 Concession Stands 

 Seating Area 

 Main Floor Area 

 Exterior Lighting 

 

Figure 3. Hilton Lighting Tour 
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 LOWER LEVEL  
 
The lower level of Hilton is composed of locker rooms, mechanical rooms, and storage area. 
Several of the existing lighting fixtures utilize T12 fixtures ranging from 2-4 lamps that are old, 
out of date, and in need of replacement. For our proposal, we have keyed in on the area in need 
of the most attention, which is identified in the floor plan of Figure 4 below. The red box 
indicates areas containing T12 fixtures. We propose that these be replaced by LED and T8 
fixtures with occupancy sensors. 
 
 

The current lights are used throughout the work day because of the activity of Hilton’s staff. 
Nearly every day in Hilton, there is a variety of activities that the staff must prepare for. This may 
include setting up wrestling mats to erecting an entire stage for a concert. During game days, 
these areas are also open to all of the players, so the egress areas need to be clearly lit. 

 

Figure 4. Lower Level Floor Plan 
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Several areas of this level have already 
been retrofitted during renovations after the 
flood. All of the locker rooms, restrooms, and 
mechanical rooms have modern T8 fixtures 
and occupancy sensors where applicable. 
The remaining spaces contain all T12 lamps. 
The T12 lamps contain magnetic ballasts, 
which are not as efficient. In more finished 
areas, we plan to replace the T12 fixtures 
with Innovative Lighting LED Conversion 
Kits, as shown in Figure 5. We propose 
utilizing the LED Conversion Kits, as a result 
of a site tour with Innovative Lighting, hosted 
by the Iowa State NECA student chapter. 
These replacements and other types of LED 
fixtures are used in offices, hallways, and 
storage areas. The LED replacement kits are 

mounted in place of the T12 lamps and wired to a power supply to allow for DC operation. 
These fixtures do not require ballasts and only have a driver. These LED replacements will 
allow for more energy efficient fixtures while maintaining luminaire output and producing a better 
quality of light.  
 
For the remaining mechanical and storage rooms, we plan to 
replace the T12 fixtures with more up-to-date Standard 
Industrial Rapid Start T8 fixtures, as in Figure 6. The T8 
lamps operate with much lower mercury levels and use an 
electric ballast in place of the magnetic. In order to optimize 
the energy savings, existing ballasts will also be replaced 
with T8 operable ballasts. It is possible to leave the existing 
T12 ballasts to operate the T8 replacements, but in 
consideration of the long-term benefits, it is not a viable 
option. This is due to many benefits that will come with a new 
T8 operable ballast. The benefits that come from using new 
T8 operable ballasts include an increased lamp life and 
higher light output levels. Although the energy savings is not 
very high from the retrofit in these areas, we find that our 
changes will pay themselves off over time. See Table 1 below for a summary of our proposed 
lighting. All replacements will be made using a one-for-one replacement in order to decrease 
labor/material costs and payback periods. A summary of the energy saving costs can be found 
in the Energy Savings Summary section. 

 
 
 
 
 
  

 

 

Figure 5. Innovative Lighting LED Conversion Kit 

Figure 6. Standard Industrial Rapid 
Start T8 Fixture 
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Table 1. Existing Lower Level Lighting 

 
 
The expected foot candle levels as per the proposed retrofit area were determined using Visual 
Lighting Design software. Figure 7 below shows the levels generated by the software and 
Figure 8 shows the generated foot candle data per space. 
 

 
Figure 7. Proposed Lower Level Reflected Ceiling Plan 

Space Area
# of 

Fixtures
Existing Fixture Type

Wattage/ 

Fixture
Proposed Fixture Type

Wattage/ 

Fixture

Hall 0171 9 (3) T12 2'x4' Troffer 102 2'x4' LED Troffer Retrofit Kit 35

Room 0167 4 (4) T12 2'x4' Troffer 136 2'x4' LED Troffer Retrofit Kit 35

Undocking Area 19 (2) T12 1'x4' Surf. Mount 72 (2) T8 1'x4' Surf. Mounted Linear Florescent 64

Room 0180 4 (2) T12 1'x4' Surf. Mount 72 (2) T8 1'x4' Surf. Mounted Linear Florescent 64

Room 0181 2 (3) T12 2'x4' Troffer 102 2'x4' LED Troffer Retrofit Kit 35

Room 0182 4 (2) T12 1'x4' Surf. Mount 72 (2) T8 1'x4' Surf. Mounted Linear Florescent 64

Storage 0183 15 (2) T12 1'x4' Surf. Mount 72 (2) T8 1'x4' Surf. Mounted Linear Florescent 64

Hall 0187 7 (3) T12 2'x4' Troffer 102 2'x4' LED Troffer Retrofit Kit 35
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Figure 8. Summary of Foot Candle Data per Space 

During our site analysis, we were able to take existing foot candle level measurements of space 
types. The measurements are summarized in Table 2 below 
 
          Table 2. Existing Average Foot Candle Measurement 

 
 

According to our calculations, our proposed foot candle levels are suitable for their space types 
given a one-for-one replacement of the fixtures. On average, our values for each space are 
much closer to values put forth by the Illuminating Engineering Society of North America 
(IESNA) standards. The storage and open areas where T8 lamps will be used have light levels 
just above the existing levels. This can be expected as the new T8 lamps will be clean and have 
a higher luminaire output level. 
  

Hall 

0171

Room 

0181

Hall 

0187

Room 

0182

Room 

0167

Storage 

0183

Room 

0180

Undocking 

Area

40.44 46.38 41.23 19.3 55.89 20.23 20.15 18.29
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OCCUPANCY SENSORS 
 
Additional savings can be made by adding occupancy sensors to the storage room areas, 
hallways, and game tape rooms. The lights in these areas are usually left on while staff 
rearrange the main floor and adding these sensors will help eliminate unused light and save 
energy. For the larger areas, we propose using DT-300 Series Dual Technology Sensors 
mounted on the ceiling, as in Figure 9. In the small rooms and hallways we propose installing 
DW-100 Dual Technology wall-mounted sensors shown in Figure 10. 
 

 
 
 
 

 

 

 

 

 

CONCESSION STANDS  

Currently, the concession stand spaces that surround the coliseum and face the outer 
concourse are lit using 100 Watt incandescent light bulbs. We propose a one-for-one 
replacement of all bulbs with equivalent 26 Watt compact florescent bulbs similar in lumens 
output and color. Figure 11 shows the proposed 26 Watt GE Soft White Spiral T3 bulbs. As 
there are 65 incandescent lamps total in the concession stands, switching to florescent will 
create significant energy savings considering the low cost and time of the replacement. 

 

  

Figure 10. Watt Stopper 
Wall Switch Sensor 

Figure 9. Watt Stopper 
Ceiling Sensors 

Figure 11. Compact Fluorescent Bulb 
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OVERHEAD SEATING AREA 
 
The lighting over the seating area consists entirely of incandescent can lights. These lights 
range from 75 Watts to 300 Watts and are used for most of the events in Hilton Coliseum but 
not often used during nonevent hours. Table 3 shows the amount of each type of bulb that 
exists in Hilton’s seating areas (indicated in light blue in Figure 12). Though of limited use, 
these lights are equivalent to a 450 total high wattage lamp and can be replaced with a more 
efficient option. Figure 12 represents Hilton’s main coliseum reflected ceiling plan with can 
lights in blue and metal halide fixtures in green. 
 
           Table 3. Existing Can Lights 

 

 

 

Lamp Data Mounting Manufacturer's # Qty

(1) 75W -R-40 Flood Recessed Prescolite - 1122 - LQ 152

(1) 150W R-40 Flood Recessed Prescolite 1125 - LQ 136

(1) 300W - R-40 Flood Recessed Prescolite - 1128 - LQ 60

(1) 300W - PAR56, Med. Flood Recessed Prescolite - 1131 -LQ 52

(1) 300W - PAR56, Narrow Spot Recessed Prescolite - 1131 -LQ 44
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One 

of the benefits of using incandescent bulbs in the overhead seating area is their dimming 
capabilities. For this reason, we propose installing LED fixtures with the same dimming feature. 
Because the main coliseum area is such a complex space, we have selected our LED 
replacement fixtures based on the existing can lights’ luminaire output. This will provide the 
proper amount of foot candles for the space. LED downlights achieve the multiple levels of 
lighting by containing different LED counts in each fixture. The LED lights will run at a much 
cooler temperature, have a longer life, and be more energy efficient than the existing can lights. 
All of the can lights can be switched from above the ceiling in the attic level. Figure 13 is of one 
of our proposed fixtures. Table 4 is a summary of the proposed replacements. A cut sheet of 
our proposed fixtures is included in Appendix A and the summary of energy saving costs is 
located in the Energy Savings Summary section. 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Table 4. Proposed Replacements 

 
 
  

Existing Fixture Type
Wattage

/Fixture
Proposed Fixture Type

Wattage/

Fixture

(1) 75W -R-40 Flood 75 LED 8" Architectural Downlight - 28 LED's Wide 56

(1) 150W R-40 Flood 150 LED 8" Architectural Downlight - 42 LED's Wide 83

(1) 300W R-40 Flood 300 LED 8" Architectural Downlight - 56 LED's Wide 106

(1)300W Par56, Med. Flood 300 LED 8" Architectural Downlight - 56 LED's Wide 106

(1)300W Par56, Narrow Spot 300 LED 8" Architectural Downlight - 56 LED's Narrow 106

Figure 12. Arena Reflected Ceiling Plan 

Figure 13. Beta LED Architectural Downlight 
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OVERHEAD MAIN FLOOR  
 
One of the largest lighting loads in Hilton Coliseum is the metal halide fixtures over the main 
floor, which exist as the original fixtures from construction. Figure 14 shows the metal halide 
fixtures over the main floor and surrounding can lights over seating areas. Because of the 
extensive cool-down and heat-up time for these fixtures, they are left on nearly all day, 
especially since the building is utilized for athletes’ and performers’ practice and staff 
responsibilities. This provides an opportunity for savings in energy consumption. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Currently there are (156) 1000 Watt Metal Halide fixtures. Because this area of lighting is so 
specialized, Musco Lighting has assisted in determining a better and more energy efficient 
alternative to these fixtures. The highest level of NCAA broadcast lighting levels can be 
achieved using only (80) 1000 Watt Metal Halide Musco Lighting Green Generation Fixtures as 

shown in Figure 15. 
 
These new fixtures consume the same amount of energy, 
but by reducing the number of required fixtures, significant 
energy and maintenance cost is saved. The proposed 
fixtures are quieter than the existing metal halides and 
have the shutter capability for quick darkening of the 
coliseum space. Once metal halide fixtures are turned off, 
they take approximately 15 minutes to cool down before 
they can be rebooted. This shutter eliminates that waiting 
time of any brief darkening of the space such as after 
halftime shows and introducing players. 

 
 

Figure 14 .Overhead Lighting 

Figure 15. Musco Metal Halide Fixures 
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We propose the removal of all 156 existing metal halide fixtures and their replacement with 80 
new fixtures. These fixtures will be mounted in groups of 4 per suspended pole, with each 
fixture facing a different direction. For optimum lighting distribution, the lights will be placed 
symmetrically on both sides of the court. Our proposed reflected ceiling plan can be seen below 
in Figure 16, as well as foot candle levels on the basketball court in Figure 17. The new 
number of lights will match required horizontal foot candles necessary to meet the NCAA 

broadcast lighting levels. NCAA’s 
table is included in Appendix A 
and a summary of the energy 
saving costs can be found in the 
Energy Savings Summary section. 

 
  

Figure 16. Metal Halide Fixture Mounting Pole Locations 

Figure 17. Proposed Foot Candles for Main Floor 
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PARKING LOTS 
 
Another significant lighting load at the coliseum is the exterior lighting, which is continuously on 
for the entirety of each day. The University’s Building Automation System serves all exterior 
lighting out of Hilton, using a remotely controlled master photocell. There are two main types of 
fixtures used in the Hilton parking lots. These are either 150 Watt or 250 Watt High Pressure 
Sodium Lamps. Wattage of the light varies on mounting type and location. Table 5 below lists 
quantities of each type of fixture. Most fixtures are pole mounted, but there are several 
examples of wall mounted fixtures on Hilton’s exterior.  Figure 18 shows all pole-mounted 
fixtures surrounding Hilton Coliseum. 
 

       Table 5. Exterior Light Quantities 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Height Lamp Data Mounting Quantity

14 ft tall (1) 150 watt High Pressure Sodium Pole 14

30 ft tall (1) 250 watt High Pressure Sodium Pole 20

30 ft tall (2) 250 watt High Pressure Sodium Double Pole 8

- (1) 150 watt High Pressure Sodium Wall Mounted 20

Figure 18. Existing Exterior Site Plan 



IOWA STATE UNIVERSITY 

20 
 

Iowa State utilizes these same fixtures throughout the entire campus, while varying the wattage 
as necessary. Figure 19 shows the existing lighting fixtures by Hilton’s parking lot. Iowa State 
recently retrofitted an entire street of these fixtures with LED lamps instead of the high pressure 
sodium and plans to explore these as a realistic alternative. After speaking with Iowa State’s 
Chief Electrical Engineer, and learning about the success of this trial, we propose that Hilton’s 
parking lots lights be retrofitted in a similar fashion. The LED lights allow for improved energy 
consumption and use of directional light. The LED retrofit kit is provided by the same 
manufacturer as the existing high pressure sodium fixtures, so the existing poles do not need to 
be altered, which will allow for a quick and inexpensive exchange. Figure 20 is of the proposed 
replacement lighting fixtures and poles. We have included a cut sheet of the retrofit kit in 
Appendix A and a summary of the energy saving costs can be found in the following section. 
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Figure 19. Existing Exterior Lighting 

Figure 20. Replacement LED Upgrade Kit 

http://www.kimlighting.com/content/media/image-gallery.php?gallery=site-roadway/et/
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ENERGY SAVINGS SUMMARY 
 
After selecting new fixtures for each of the previous areas, we calculated our estimated energy 
savings based on the number of hours each type of fixture is used per day. The following 
Tables 6 through 9 summarize our estimated savings for each fixture. 
 

     
 

 
 

 Table 6. Lower Level 

 
 
 

     
 
 
 

 Table 7. Concession Stands 

 

 
 

    

  

Proposed Fixture Type
Energy 

Savings 

2'x4' LED Troffer Retrofit Kit 603

2'x4' LED Troffer Retrofit Kit 404

(2) T8 1'x4' Surf. Mounted Linear Florescent 152

(2) T8 1'x4' Surf. Mounted Linear Florescent 32

2'x4' LED Troffer Retrofit Kit 134

(2) T8 1'x4' Surf. Mounted Linear Florescent 32

(2) T8 1'x4' Surf. Mounted Linear Florescent 120

2'x4' LED Troffer Retrofit Kit 469

1,946 Watts

Operating Hours/Day 10 Hours

Monthly Savings Based on $.25/kWh 146$                

Proposed Fixture Type
Energy 

Savings 

26 Watt Compact Florescent 4,550               

4,550               Watts

Operating Hours/Day 5 Hours

Monthly Savings Based on $.25/kWh 171$                
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 Table 8. Seating Areas 

 
 

 
 
 
 
 
 
 
 
 
Table 9. Main Floor Area 

 
 

  

Proposed Fixture Type
Energy 

Savings 

LED 8" Architectural Downlight - 28 LED's Wide 2,888

LED 8" Architectural Downlight - 42 LED's Wide 9,112

LED 8" Architectural Downlight - 56 LED's Wide 11,640

LED 8" Architectural Downlight - 56 LED's Wide 10,088

LED 8" Architectural Downlight - 56 LED's Narrow 8,536

42,264 Watts

Operating Hours/Day 6 Hours

Monthly Savings Based on $.25/kWh 1,902$             

Space 

Area

# of 

Existin

g 

# of 

Propose

d 

Proposed Fixture Type 

Wattage

/Fixture

s

Savings 

(Watts)

Floor Area 156 80 1000W Metal Halide ShowLight 1000 76000

76,000 Watts

Operating Hours/Day 14 Hours

7,980$      Monthly Savings Based on $.25/kWh
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ENERGY USE ANALYSIS 

 
 

All of Iowa State’s buildings, including Hilton 
Coliseum, are supplied with electricity, high 
pressure steam, and chilled water from the Iowa 
State cogeneration power plant, seen in Figure 
21. The graphs below, provided by Facilities 
Planning and Management (Figure 22 through 
24), show the average monthly consumption of 
energy, steam, and chilled water over the past 
three years. From the chilled water and steam 
consumption data, we have identified the peak 
cooling load during the month of August and the 
peak heating load during the month of December. 
We have used this gathered data for our 
maximum heating and cooling load calculations. 

The energy consumption graph peaks through the 
months of November and February. These months 

have the largest energy consumption due to the high usage of the facility by the winter season 
indoor sports. The graphs are the only metered data that are available for Hilton. The major 
energy loads for the building are the lighting, air handlers, and event equipment. 
 

 
 

  

Figure 21. Iowa State Cogeneration Power      

Plant 

 Figure 22. Steam Consumption 

Figure 23. Chilled Water Consumption 

Figure 24. Electric Consumption 
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HEATING, VENTILATION, AND AIR CONDITIONING 
 
Through the site visit, schedule research, and plan reading 
we determined areas for possible energy improvement at 
Hilton. Figure 25 shows the existing system. We spoke with 
a representative from Facilities Planning and Management 
and the Facilities Manager at Hilton Coliseum about feasible 
projects for building improvement. We investigated the dated 
HVAC system and building envelope. 

 
Hilton receives its heating and cooling by 40 air handling units of varying size. The heating for 
these units is provided by the power plant through high pressure steam. The cooling is provided 
by the power plant’s four chilled water pumps. Twenty four air handlers are located in the 
mezzanine level below the upper seating level and supply air to the offices, locker rooms, and 
outer concourse. Additionally, sixteen units are located above the main floor ceiling and 
distribute conditioned air to the seating and playing areas. Few air handlers are non-functioning 
and are only used for replacement parts because the air handlers are no longer supported by 
their manufacturer. ISU Facilities plans to replace the dated system within the next ten years 
with a more efficient system. Replacing the outdated air handlers will be an improvement to the 
building’s energy use. However, the return on investment is not enough that we could justify 
replacing the air handlers for energy efficiency alone. Instead, the replacement system will be 
focused on mechanical reliability and availability of replacement parts. We have determined that 
the building’s total cooling load is 350,000 CFM from the air handler schedule in Figure 26.  If 
Facilities were to replace the old system, it would be possible to replace the 40 dated air 
handling units with fewer, more efficient units. 
 

 
  

Figure 25. Existing HVAC System 

Figure 26. Schedule of AC Units 
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Hilton will benefit from implementation of a Variable 
Frequency Drive system. With Hilton Coliseum’s primary 
purpose as an event center, it has very large fluctuations 
in heating and cooling loads, even on a day-to-day 
basis. Therefore, we recommend an addition of VFDs, 
similar to the Siemens SED2 VFD system (Figure 27) to 
the 16 air handlers that service the main arena. The 
Siemens SED2 VFD system has a relatively low initial 
cost and a short payback period. This is because the 
VFD provides 50-70% energy savings each year. If we 
were to install VFD’s on the (16) 7.5 hp attic units that 
supply the arena area and run the fans at 80% speed for 
five of the seven days out of the week, the energy 
consumption will be reduced by 52%. As can be seen in 
Table 10, the VFD implementation is an effective energy 
investment as it has a short payback period of less than 
half a year. 

 
 
 

 
  Table 10. VFD Return on Investment 

  

Figure 27. Fan Motor Variable 
Frequency Drive 

Fan HP (16) 7.5 hp

Estimated Annual Energy Use for 16 units 162,160 kWh

Annual Energy Usage with VFD's 87,566   kWh

Estimated Annual Energy Use Cost 40,540$ 

Estimated Annual Energy Use Cost with VFD's 21,892$ 

Total Cost of Installation 42,964$ 

Payback Period 2.30

Return on Investment 43%

VFD Payback and Return on Investment
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BUILDING ENVELOPE 
 
Currently Hilton’s building envelope consists of three enclosure systems. The first and most 
significant portion of the building’s envelope is the precast concrete panel system. We 
calculated, based on known building material thermal resistances, that the precast system has a 
thermal resistance of four. We conducted a feasibility study on multiple insulation options that 
could be added to the precast panels. The improvements to the building’s thermal resistance did 
not provide enough energy savings to pay back for the high construction and material cost, so 
the renovation is not feasible. 
 
Another main component of the exterior envelope is the windows, which can be best visualized 
as a horizontal curtain wall system that spans most of the perimeter on the main level. The 
windows are quite old, are only single paned, and would be best if replaced. 
 
The final exterior envelope system is the building’s entrance doors. There are three main 
entryways into Hilton. The entrance doors are the original single pane glass doors installed on 
the building that have a high U-value rating and infiltration rate. Facilities Planning and 
Management conducted a study on the doors and entrance system to investigate if it was 
feasible to replace the old system and found that it was not cost effective to replace the existing 
entrances with better insulated, tighter sealing doors. 
 
We propose a complete replacement of the exterior windows. A quantitative heat transfer 
analysis between the two window types, as shown in Figure 28, determines the feasibility and 
amount of energy savings from replacing the exterior windows. 

 

 
Figure 28. Window Energy Comparison 
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To carry out this analysis we used the formulas 
for heat transfer of windows, QConduction & QSolar. 
The windows have an average overall heat 
transfer coefficient, U-value, of an older single 
pane window of 0.9 with a shading coefficient of 
0.88. The proposed are Triple Paned Low-E 
Insulating Glass with Argon and 3mm Low-E 
Hinged Glass Panels, as shown in Figure _. The 
more panes in a window, the greater insulation it 
will provide. This increase in insulation along with 
the Low-E, or low-emittance, glazing improves 
the thermal resistance provided by these 
windows. As in Figure 29, the Low-E coating 
helps absorb and reflect heat and transfers it 
either indoors or outdoors, depending on the 
climate. Pella Windows provides an ideal model 

of this type of window, which has a U-value of 
.16 and a shading coefficient of .41 (Appendix 
B). 

  
We used the formulas (Appendix B) to calculate the heat transfer in British Thermal Units per 
Hour (BTU/HR) from the windows in each month of the year. The average high temperature in 
the heat gain months and the average low temperature in the heat loss months represent the 
loads (Appendix B). With these transfer rates calculated, we converted BTU/HR to Tons of 
energy per Hour (Ton/HR) with the conversion factor 12,000 BTU/HR=1 Ton/HR. With this 
calculation and knowledge that the air handling units convert 1 ton of energy by using 1.4 
kilowatts of power, we calculated the hourly kilowatts of electricity usage (kWh) and multiplied 
by the amount of hours in each month to find the total kWh usage per month (Appendix B). 

 
By calculating the 
difference in kWhs 
between the existing 
and proposed windows 
with a minimum cost of 
energy at $0.25 cents a 
kWh, there is a 
substantial yearly 
savings, as shown in 
Figure 30. With this 
data, we were able to 
find material costs and 
conduct a return on 
investment analysis, 
the results of which are 
in Table 11. From the 
payback provided by 
the energy cost savings 
for these windows, 
there will be a payback 
in 21.03 years.

Figure 29. Low-E Hinged Glass Panels 

Figure 30. Monthly Savings for Window Replacement 
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This is a short payback period for a retrofit of this size and budget. Also based on the believed 
longevity of Hilton Coliseum, the building should be utilized well beyond the 22.03 year payback 
period. In addition, if we couple the window retrofit with the other renovation projects. The 
payback period for the overall project will be significantly shorter. Based on these reasonable 
assumptions and justifications, a window retrofit is cost effective and feasible. 
 
We also propose the implementation of air curtains over the main entrance and receiving doors 
to create a barrier, or “curtain,” of air between the exterior and interior climates. This will help 
reduce the heating and cooling losses when doors are left open, which frequently occurs at 
events when there are large groups of people entering and exiting the building. This system of 
air curtains, an example of one is shown in Figure 31, will be a more efficient method for 
controlling the heating and cooling losses, resulting in cost savings for the coliseum. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Demolition of Old System $300 Per Window

Demolition $24,000 Total

Add 25% for Triple Pane & Argon Gas $39 Per SF

Labor $7 Per SF

Installation $201 Per SF

Total Window Area 17,720 SF

Installation $3,561,720 Total

Installation & Demolition $3,585,720 Total

Total with Overhead and Profit $3,944,292

Energy Savings $170,293 Per Year

Payback Period 24 Years

Return on Investment 4.32%

Window Wall, Aluminum Stock, 

Including Glaze

Window System

$155 Per SF

Figure 31. Air Curtain 

Table 11. Window Investment 
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To calculate the amount of energy savings that  could be gained from implementing the air 
curtains we used Bernier International Corporation’s Energy Savings Calculator for Air Curtains 
and doors, both of which are located in Appendix B. From this, we calculated the monthly 
energy savings per Heat Gain and Heat Loss Season, as in Figure 32. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
With this data there is a savings of $21,375 in the Heat Loss Season and a savings of $16,568 
in the Heat Gain Season, for a yearly total savings of $37,943. This provides a payback period 
of less than 1 year for the cost of the system installed on all 19 of the main public entrance 
doors into Hilton. 
 

 

 

 

  

Figure 32. Air Curtain Savings 
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PV/WIND ENERGY SYSTEM DESIGN 

 
 

PHOTOVOLTAIC SYSTEM 
 
The roof of Hilton Coliseum and the grassy unused areas surrounding the building provide 
abundant space where a photovoltaic system could be located. We considered placing an array 
of roof-mounted solar panels along the southern roof of Hilton or pole-mounted solar panels 
equipped with trackers to the southeast of the coliseum, both seen in Figure 33. Both systems 
will be connected to Iowa State’s electrical grid and inverters that will log power generation. 
However, we have decided not to pursue any photovoltaic systems for the following reasons. 
 
Roof-mounted solar panels cannot be 
viewed from ground level and could only 
be accessed for service and installation, 
which would limit the green energy 
awareness given to the public. 
 
The disadvantage to installing pole-
mounted solar panels is the relative cost 
and payback period of this type of 
system. Iowa lies in a middle-to-low 
intensity sunlight region of the United 
States, which means that less energy 
can be harvested from this system. We 
propose installing a wind-energy system 
for a higher rate of return that could also 
be used by the university as a 
promotional and educational tool.  

Figure 33. Pole-Mounted Solar Panels 
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WIND SYSTEM 

 
Hilton Coliseum, along with the surrounding parking lot and 
grass areas provide for several wind system options. 
WindCubes and Windspires are two such alternatives. Since 
Hilton Coliseum is a tall structure, a wind harvesting system 
such as WindCubes (Figure 34) could be 
placed on the roof with no obstructions. 
But, because a roof-mounted system 
would not be visible to the public, it is not 
an ideal method for energy awareness 
initiatives.  Further, Wind Cubes require 
stable bases for mounting, as the intensity 
of harvesting the wind through the 
structure may lead to damage, which the 
roof of Hilton is not prepared for. 
 

We propose installing Windspires, which is shown in Figure 35. This 30ft 
tall and 4ft wide structure can easily be placed in the area surrounding 
Hilton Coliseum. This system rotates about a vertical axis instead of the 
traditional horizontal axis like many wind turbines. The Windspire is 
designed to operate in wind speeds greater than 10mph. According to the 
National Oceanic and Atmospheric Administration, the average wind speed 
in Ames is 10.7mph. Figure 36 shows the wind speed data. Based on an 
average wind speed of 11mph, as shown in Figure 37, the annual output is 
2,000kWhs. The turbines produce DC electricity and each unit contains a 
grid-tie inverter. The system will be connected to a service panel in Hilton Coliseum and the 
electricity would be used immediately. An internal wireless modem allows for the power 
production to be monitored.  

 

 
  

Figure 34. WindCube 

Figure 35. Windspire 

Figure 37. Annual Energy Production 
Figure 36. Average Wind Speed 
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As shown in Figure 38, 10 Windspires 
will be placed in a U-shaped pattern in 
the grassy area to the southeast of 
Hilton Coliseum.  A monument with 
NECA and Electri International plaques 
promoting the Live Green! initiative will 
be placed at the center of the layout, 
facing University Boulevard. This wind 
system will be visible to the public for 
more effective energy awareness. 
 
In Windspire structures, extension 
poles are offered in the lengths of 5, 
10, 15 and 20ft for increased height, 
raising the base of the rotor. Using the 
20ft extension poles to raise the turbine 
into more turbulent air will help ensure 

maximum power generation, but the 
cost of the poles doesn’t make this feasible. 
 
The Windspire is a hardy unit designed to last over 20 years with very little maintenance.  The 

units are rated for 2000 kWhrs per year, and ten Windspires will produce an average of 20,000 

kWhrs per year, at 1% of Hilton Coliseum’s annual energy consumption.  Since the cost per 

kilowatt hour is $0.25, this system will save $5,000 per year in energy usage.  As shown in 

Table 12, the total cost is $12,800 per unit, making the overall project $128,000.  The payback 

period for the ten Windspires is 25.5 years.  Because the design life of 20 years is less than the 

payback period, the quantitative value is not economically reasonable.  However, marketing the 

Live Green! initiative has a much higher qualitative value than the quantitative value of the wind 

system. The benefit of the Windspire is in bringing a visual representation of what Live Green! 

and the Green Energy Challenge supports. The Windspire is an attractive structure that can add 

an artistic ambiance to any area and will be painted the school colors of cardinal and gold.  

Overall, the physical structure, color, and location of the Windspires all provide for excellent 

awareness and advertising for the Live Green! initiative at Iowa State. 

Table 12. Windspire Cost per Unit 

 
Iowa State University does not qualify for tax credits since it is a non-profit organization. 
However, in the state of Iowa there is no sales tax on the purchase of a green energy system. 

  

Unit Cost

Windspire 8,000$      

Concrete Foundation 600$         

Labor/Installation 3,400$      

Paint 800$         

Total Cost: 12,800$    

Figure 38.  Proposed Windspire Installation 



 

33 
 

SCHEMATIC ESTIMATE AND SCHEDULE 

 
 
SCHEMATIC ESTIMATE 
 
In order to improve the efficiencies of Hilton’s primary HVAC and lighting systems, the following 
changes should be made: upgrade light fixtures, installation of fan motor variable frequency 
drives, installation of air curtains, and replacement of windows.  Along with these improvements, 
Windspires will be installed for green energy and awareness purposes. 
 
The breakdown of costs for each of the three major upgrades for the project is outlined in Table 
13. Each major upgrade is further divided, providing an even more detailed breakdown of costs, 
as seen in Appendix C. This estimate includes a 10 percent contractor markup, which is an 
accurate estimate for this project. The total cost of the project is $4,888,591, most of which is 
from the window replacements. 
 
 

 
 
 
 
 
 
 
 
 
This estimate includes all of the upgrades and retrofits that are the most feasible and useful to 
Iowa State University and Hilton Coliseum. The wind cube and new air handling units are 
among the proposed ideas that were excluded. 
 
Lighting 
In the lower level of the lighting renovation, the installation of the occupancy sensors is the bulk 
of the new work. The material cost for the sensors includes the sensors themselves as well as 
any wiring required to install them. The new fluorescent lights do not require any additional work 
but rather, new lamps in the existing fixtures, which will be the only material cost. There are 180 
new LED fixtures that will be installed in the lower level. There is work required on the existing 
fixtures in order to retrofit the LED lamps to them. The material cost for the LED lights include 
the LED lights and the retrofitting kits as well as any wiring required to install the kits. The 
material cost for all parts of the lower level include the cost of the electrician and any lifts or 
small equipment needed. 
 
The concession stand renovations simply require old lamps to be replaced with new. The 
material cost includes the new lamps and the labor cost of an electrician. 
 
In the seating area, LED lights will replace all of the existing lamps, which require new fixtures. 
The material cost for the seating area includes the LED lights and fixtures. The labor cost is 
again only for the electrician to do the installation. 
 

Total Material 

Cost ($)

Total Labor 

Cost ($)

Total Contract 

Cost (With O&P)

Lighting $454,130 $210,540 $731,137

Energy Use $3,494,644 $156,860 $4,016,654

PV and Wind $94,000 $34,000 $140,800

Total Contract $4,888,591

Table 13. Schematic Estimate Overview 
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The work done on the main floor is the most expensive part of the lighting renovation and also 
the most time consuming. The estimates for the material and labor cost for the new metal 
halides were provided to us from Musco Lighting. 
 
The exterior lighting renovation consists of replacement LED lights. These LEDs, like the other 
LEDs, require retrofit kits. The material cost includes the LED lights and the retrofit kits required 
to use the LEDs. The labor cost includes work of the electricians and the equipment they require 
to install the new exterior lights. 
 
Energy Use 
The windows in the Energy Use section are the most expensive part of the project due to 
material price and labor. The estimate for the material cost was calculated by adding the base 
cost of triple pane windows with an argon fill. The windows are also the most time consuming 
and so the installation of the windows has the second highest labor cost out of any other item. 
 
Another cost factor in Energy Use is the air curtains. The material cost for the air curtains 
includes the fans and the wiring they require. The labor cost is simply the cost of hiring 
electricians to install the air curtains. 
 
The VFDs are another rather expensive item in this project. The material cost includes the 
Variable Frequency Drive as well as the sensors in the duct that feed it information. There are 
16 air handling units and we need a VFD for each air handling unit.  The labor cost includes the 
cost to install the VFD next to the fan with the sensors. 
 
PV and Wind 
The only item from the PV and Wind section that we are proposing is the installation of 
Windspires. In the estimate, the material cost for this item includes the Windspire itself, paint, 
and pre-cast concrete for its base. The labor cost includes the machines and labor needed to 
excavate the base, pour the base, and install the Windspire.   
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SCHEMATIC SCHEDULE 
 
Hilton Coliseum is the home to Iowa State’s basketball, gymnastics, volleyball, and wrestling 
teams. The building is also used to host concerts, career fairs, and several other large events. 
This makes construction during the summer ideal due to low building use. Construction will 
commence on May 7, the first week after spring classes end. Construction will be complete by 
July 23 and will not interfere with the start of the fall sports seasons. Figure 39 below was 
generated through the use of SureTrak and displays the proposed schedule for the project. 
 

 
Figure 39. Construction Schedule 

One of the biggest improvements that Hilton will be receiving is new triple pane windows.  As 
illustrated in the schedule, this part of the renovation is the most time consuming and will last 
the duration of the project. Installation of the air curtain, Windspires, and VFDs are independent 
of the other aspects of the project. These three parts of the renovation will be finished 
approximately two weeks into the project.   
 
The lighting replacements and retrofits will last half of the summer but will be complete well 
before project closeout. Most of the work to be done on the lights is simple replacement of 
lamps and is time consuming due to the sheer volume of work required. The occupancy sensors 
and LED retrofits are the only parts of the lighting portion that will require labor other than 
replacing lamps. 
 
Installation of the variable frequency drives will take approximately 1 week to complete. This 
process will not take a significant amount of time due to the small number of air units (16) to be 
installed. The only other time associated with this installation is the calibration, which will need 
to occur after the VFDs have been placed on the units. 
 
Before the new triple pane windows can be installed to the building envelope, the existing 
windows must be replaced. Window removal will take approximately 3 weeks and installation 8. 
The replacement of the windows occurs along the critical path, which therefore governs the 
project completion date.  
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FINANCING PLAN 

 

 
Iowa State is a nonprofit organization and as a university, is tax exempt at the federal and local 
level. Therefore, it is not eligible for many of the various tax incentives that are generally 
lucrative for owners’ use in funding their sustainable projects. What Iowa State does have the 
ability to take advantage of in being a nonprofit educational school is three low to no interest 
loan programs. 

 

LIVE GREEN!  0% INTEREST LOAN 

 
The first is a loan program funded by Iowa State's sustainability Live Green! Initiative. This is a 
$1 million dollar revolving door loan program set up so that different departments on campus, 
which are independently run and funded with the overshadowing of the university, can use this 
0% interest loan program to fund “green” projects of their own. The principle is that everything 
funded for by this program must have tangible savings so that the payback is achieved through 
the savings and not from the budget. The full $1 million dollars will be obtainable for this project, 
pending approval from the loan advisory council and president of the university.  The main 
restriction is that anything funded must have a payback within 5 years in order to pay off the 
loan. 
 
ALTERNATE ENERGY REVOLVING LOAN PROGRAM  

 
For any funds that are not met with the initial Live Green! Loan or for 
any items that need to be financed outside of the 5 year payback 
period, there are two other potential loan programs. The first is the 
Alternate Energy Revolving Loan Program (AERLP). This is a loan 
program administered by the Iowa Energy Center and funded by Iowa’s investor owned utilities, 
and is meant to provide funds to organizations that plan to build renewable production facilities 
in Iowa. The utilities in Hilton are non-regulated as they come from the campus power plant. The 
maximum loan that is available is $500,000 dollars with 50% being 0% interest and 50% at a 
lender market rate. The loan has a maximum term of 20 years and as it is for renewable energy 
production facilities only it could be used to fund the PV/Wind systems that will be implemented. 
  
IOWA ENERGY BANK LOAN 

 
The last loan program that could be used to fund the 
project, particularly for our non-energy production retrofits with payback periods of over 5 years, 
there is a Low Cost Financing loan fund available for public facilities. This fund is state-
sponsored by the department of administrative services and is $12.5 million state revolving fund 
with no exact individual loan maximum. The loan’s terms are that it has 1% interest, a 2% 
closing costs rate, and a 0.25% annual outstanding balance servicing cost. Beyond that, it can 
be used for capital necessary for cost-effective energy projects that will save money, improve 
building, or enhance local economies and must be paid back within fifteen years. All of the 
expenses in the Cyclone Energy retrofit should fit the criteria for this loan. 
 
With these three loan programs available, the capital needed to do all of the proposed 
renovations will be covered. The loans will primarily be paid back by the energy savings but also 
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any additional year end excess budgeting by the athletic department, which will be put towards 
paying off the revolving loans. 
 
Table 14. Payback Analysis 

 
 
Since Iowa State University owns its own power plant, which provides all of its electricity, a 
Power Purchase agreement is not an option. Further, after contacting the Windspire dealer, we 
have determined that leasing is not an option. However, there are other loan programs that will 
cover the cost.  

 
 
 
 
 
 

 

  

System
Total Initial 

Cost

Yearly KWH 

Savings

Yearly 

Savings 

Payback 

Period   

(Years)

Loan to Finance

Windspires 140,800$           20,000 5,000$             29 AERLP

Windows 3,944,292$        681,172 170,293$         24 Iowa Energy Bank Loan

Air Curtains 10,010$             151,772 37,943$           1 Live Green

VFD 47,260$             354,605 88,651$           1 Live Green

Lighting 731,137$           519,648 129,912$         6 Live Green

Overall 4,873,499$        1,727,197 431,799$         12
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LEED FOR EXISTING BUILDINGS REVIEW 

 

 
LEED-EB SUMMARY 
 
We identified twenty-one (Yes) points were attainable in the LEED-EB Rating System for our 
proposed retrofits and renovations. Figure 40 provides a summary of the points achievable by 
category.  This summary includes thirteen points under Energy and Atmosphere, three points in 
Materials and Resources, three points in Indoor Environmental Quality, and two points in 
Innovation in Operations.   
 
In order to fully analyze this building, we researched current practices performed at Iowa State 
University. We identified sixty-six (Yes) points, with an additional 10 possible (Maybe) points 
achievable through our proposed retrofits and current practices performed by Iowa State 
University. Figure 41 illustrates the breakdown of these points by category.   
 
We have provided LEED-EB checklists in this section to highlight specific credits and points 
attainable.  Additionally, a credit-by-credit narrative is provided in the Appendix D. 
 

 
Figure 40. LEED EB-Summary, Green Energy Challenge Scope 
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Figure 41. LEED-EB Summary, GEC and Current Practices 
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SUMMARY OF CATEGORIES 

 

Sustainable Sites 
Iowa State is already implementing many environmentally friendly practices. These practices 
include using environmentally friendly pesticides and cleaning products. The CyRide bus 
system on campus is very popular. Not only does use of CyRide cut down on emissions by 
eliminating the use of single passenger vehicles, but Iowa State has also recently started to 
purchase buses that are 25% more efficient. Iowa State is currently experimenting with LED 
lighting for street lights.  Since LED lights give a very direct light, light pollution will be cut down 
significantly since the lights will be hung high and pointed down. Overall, Iowa State has a 
number of policies that make earning these credits very easy. 
 
 

Water Efficiency 
Iowa State does not irrigate its grounds, which minimizes potable water consumption. Also, the 
university meters the utility usage of each building.  Hilton Coliseum was recently renovated in 
which most of the plumbing fixtures were replaced with automatic fixtures. Iowa State currently 
uses LEED’s best management practices (BMPs) concerning cooling towers. However, Iowa 
State does not measure its potable water usage for cooling towers. 
 

Energy and Atmosphere 
Hilton Coliseum, as part of the Iowa State campus, receives its power from the on-campus 
cogeneration plant. With this plant currently operating at a high efficiency compared to other 
coal burning plants, Iowa State keeps this same standard true for its buildings on campus.  
Therefore, in addition to keeping the number of pollutants released to a minimum, a nearby 
wind-farm produces wind energy to help power the campus. Also, with a building automation 
system already in place across campus, minimizing the amount of energy used helps improves 
the efficiency across campus. This, along with the energy use analysis provided in this report, 
will help develop an ongoing commissioning plan for the building which can in the future serve 
as a basis to replace major equipment. 
 

Material and Resources 
Iowa State’s current green initiative program stipulates both the purchasing and waste removal 
programs located on campus. Therefore, the University’s current practices already exceed the 
requirements laid out by the credits in the materials and resources section of LEED-EB making 
all of these credits easily obtainable. 
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Indoor Air Quality 
For LEED Indoor Air Quality the project could achieve 4 out of the fifteen points possible. Plans 
for the project include installing indoor lighting control systems. The new air handlers will also 
have adequate air filters to reduce the number particulates in the system. During construction 
the building could also meet construction environment air quality standards to earn a credit. 
 

Innovation in Operations 
For LEED Innovation in Operations the project could earn 2 out of the 6 points possible. The 
project could easily achieve credits for having LEED accredited professionals on the project 
team as multiple employees of ISU are LEED certified. It is also possible to earn credit for 
documenting building performance over the next five years and possibly for documenting 
building improvement in operation as well. 
 

Regional Priority Credits 
For Regional Priority Credits in the 50011 zip code, it is possible to achieve the credits for 
sustainable purchasing and solid waste management. These credits could not be earned under 
the scope of the Green Energy Challenge, but have been documented in the additional 
checklist. 
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LEED-EB CHECKLISTS 
 
The LEED-EB Checklists are provided to highlight the specific credits we identified during the 
Green Energy Challenge. Figure 42 is the project checklist showing the twenty-one credits 
identified by our team as achievable with the proposed Green Energy Challenge retrofits and 
renovations.   
 

 Figure 42. LEED-EB Checklist for GEC 

As discussed earlier, because of Iowa State’s commitment to sustainability, we determined a full 

analysis for LEED-EB was warranted. Figure 43 highlights the sixty-six (Yes) points and 10 

(Maybe) points identified by our team if our project was combined with the current green 

practices ongoing at Hilton Coliseum. 
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Figure 43. LEED-EB Checklist for GEC and Actual 

As discussed earlier, because of Iowa State’s commitment to sustainability, we determined a full 

analysis for LEED-EB was warranted. Figure 43 highlights the sixty-five (Yes) points and 10 

(Maybe) points identified by our team if our project was combined with the current green 

practices ongoing at Hilton Coliseum. 

We have provided a credit-by-credit narrative in the Appendix D to further expound these 

credits and how we intend to achieve them.   
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CAMPUS ENERGY AWARENESS 

 

 
We will create and implement a three-part plan tailored to Iowa State University and our client’s 
interests in order to increase student awareness of energy usage on campus.  We will be 
partnering with existing green organizations on campus such as the Live Green! Initiative, to 
promote the improvements to Hilton and reach out to the Cyclone community with information 
regarding energy efficiency on campus. We have held conference with Merry Rankin, Director of 
Sustainability at Iowa State University and Kerry Dixon-Fox, Coordinator of Sustainable Design 
and Constructions at ISU for feedback on the Campus Energy Awareness plan. 
 
The first part of the plan involves establishing a social media campaign centered on the work 
being done to Hilton Coliseum. Using a team Facebook page, we will provide regular updates 
on the project progress, facts and statistics about Iowa State University’s energy usage and the 
projected efficiency of the new Hilton, and quotes from coaches, players, and fans in regards to 
the improvements to Hilton and support of energy awareness on campus. We will interact with 
the social media pages for Live Green!, Cystainability, the Green Umbrella, and other student 
organizations’ pages to strengthen relationships and increase an audience base. 
 
The second is to promote the increased energy efficiency that will result from the planned 
renovations to Hilton through traditional methods.  We will utilize the scrolling marquee on the 
interior advertising the improvements: “The home of Cyclone sports is getting greener.”  When 
work is completed on Hilton, a larger interactive display will be placed in the building for visitors 
to learn more. Outside of Hilton we will install a monument, as seen in Figure 44, in the area 
with Windspires to draw more attention to the project. This will reach a wide audience and spark 
interest in the project and energy awareness in other areas of campus.   
 
Finally, we will work with Cyclone Alley to create an event at a men’s basketball game held in 
Hilton where student members of the Alley will wear green shirts, turning that section of the 
coliseum “green,” to increase awareness through a very visual and public event. This will be co-
sponsored by Cyclone Alley and ISU Live Green!. 

  

Figure 44. Monument 
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FEEDBACK LETTER FROM CLIENT 
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ARTICLE FOR DEPARTMENT NEWSLETTER 

 
 

Student members of the ISU chapter of the National Electrical Contractors Association, team 
Cyclone Energy, have selected Hilton Coliseum as their client in the 2012 Green Energy 
Challenge. Home to men’s and women’s basketball, volleyball, gymnastics, and wrestling 
teams, Hilton is a major center for Cyclone sports. The building is also used to host concerts, 
career fairs, and other large events, furthering the relationship between the community, fans, 
and the university. 
 
Hilton Coliseum has undergone many renovations and improvements since its addition to Iowa 
State University’s campus in 1971. Most recently, the building saw renovations after water 
damage from severe flooding in the summer of 2010. The ISU Green Energy Challenge team 
will be evaluating the current energy efficiency of the Coliseum and creating a proposal to 
improve the efficiency in several areas of the building, including lighting, energy use, and 
PV/wind energy system design. 
 
Team members include: Justin Wenger (Construction Engineering), Eric Ryan (Construction 
Engineering), Alex Weiss (Electrical Engineering), Bryan Whitson (Civil Engineering), Paul 
Speed (Civil Engineering), and Megan Vollstedt (English), Nyudu Bagnabana (Electrical 
Engineering), William Hennings (Civil Engineering), Erik Johnson (Construction Engineering), 
Andy Rondon (Construction Engineering), Brandon Schwinghammer (Construction 
Engineering), Caitlin Weber (Civil Engineering). Cyclone Energy is coached by Beth Hartmann, 
PE, LEED AP. Hartmann is a registered professional civil engineer and a Construction 
Engineering and Civil Engineering Lecturer.  
 
Sponsors for the ISU Green Energy Challenge team are: NECA of Iowa, Metro Electric, Baker 
Electric Inc., and Nelson Electric Co. 
 
The team’s final submission, due by April 15, in the Challenge will be scored on the technical 
content, project management, experience and outreach, and professionalism in executing the 
project. Three finalist teams will receive up to $2000 in travel and accommodation support to the 
NECA Convention, a plaque, and a check for the university program. Finalists receive 
complimentary registration to the September convention in Las Vegas, where team 
presentations are made and final standings awarded. 
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LOCAL NECA CHAPTER INTERACTION 

 
 

 
Robert Dandurand 

Project Manager 
Metro Electric 

Sioux City, Iowa 

 

Chad Layland 
Project Manager 

Baker Electric 
Des Moines, Iowa 

 

TJ Meiners 
Project Manager 
Nelson Electric 

Cedar Rapids, Iowa 
 

Jonathan Perrone 
Assistant Director 

Iowa NECA 
Des Moines, Iowa 
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Cyclone Energy thanks the following additional team members for their work: 
 

  Nyudu Bagnabana: (Junior, Electrical Engineering), Lighting Analysis 

 William Hennings: (Senior, Civil Engineering), PV/Wind Energy System Design, 
Outreach 

 Erik Johnson: (Senior, Construction Engineering), Energy Use Analysis 

 Andy Rondon: (Junior, Construction Engineering), LEED Existing Buildings Review, 
Schematic Estimate and Schedule 

 Brandon Schwinghammer: (Junior, Construction Engineering), Site Assessment, 
Financing Plan  

 Caitlin Weber: (Senior, Civil Engineering), Project Manager 
 
The team is grateful for the valuable input provided by the following contributors: 

 

 Jenny Baker, PE, LEED AP:  Lecturer, Civil, Construction & Environmental Engineering 
Department, Iowa State University 

 Kerry Dixon-Fox, LEEP AP: Coordinator of Sustainable Design and Constructions, 
Facilities Planning and Management, Iowa State University 

 Tim Drost: Musco Sports Ligthing (Rep) 

 Dave Fritz: Innovative Lighting 

 Randy Larabee, PE: Electrical Engineer, Facilities Planning and Management, Iowa 
State University 

 Matt McLeod: Athletic Department, Iowa State University 

 Jason Odefey: Mayfield Lighting (Rep for Beta LED) 

 Brad Perkins, PE, LEED AP:  Lecturer, Civil, Construction & Environmental Engineering 
Department, Iowa State University 

 Merry Rankin: Director of Sustainability, Iowa State University 

 Jon Schrobilgen: (Senior, Construction Engineering), President, ISU NECA Student 
Chapter 

 Kossi Sessou: (Senior, Electrical Engineering), Vice President, ISU NECA Student 
Chapter 

 Katherine Whisler: (Junior, Architecture), Logo Design 
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SOURCES 

 
 

OTHER RESOURCES USED 

 http://www.betaled.com/us-en/home.aspx 

 http://www.kimlighting.com/ 

 http://www.innovativelight.com/ecobrite.html 

 http://www.gelighting.com/na/ 

 http://www.walmart.com/ip/GE-Compact-Fluorescent-Bulb-26-Watt-T3-Spiral-Soft-

White/16945075#ProductDetail 

 http://www.officedepot.com/a/products/306997/GE-Spiral-Compact-Fluorescent-Bulb-

Soft/ 

 http://www.lithonia.com/commercial/L.html?pt=Commercial%20%26%20Industrial%20Fl

uorescent 

 http://www.wattstopper.com/products/details.html?id=101&category=43&type=Commerci

al 

 http://www.weather.com/weather/wxclimatology/monthly/graph/USIA0026  (temperature 

graph) 

 http://www.pellacommercial.com/overview/glazing.asp (glazing information) 

 http://www.dynaforce.com/LoPro_air_curtain.html (air curtain picture) 

 http://www.buildinggreen.com/live/index.cfm/2012/3/27/Window-Performance--the-

Magic-of-Lowe-Coatings (low e coating picture) 

 http://www.globalindustrial.com/p/hvac/air-curtains/tpi/air-curtain-36-w-with-remote-

control  (price of air curtain) 

 http://en.wikipedia.org/wiki/Hilton_Coliseum 

 http://www.fpm.iastate.edu/utilities/billing/benchmarks_building.asp?building=HILTON 

 http://oee.nrcan.gc.ca/sites/oee.nrcan.gc.ca/files/pdf/industrial/equipment/vfd-

ref/pdf/variable-frequency-drives-eng.pdf 

 http://www.engineeringtoolbox.com/affinity-laws-d_408.html 

 http://www.sbt.siemens.com/sbttemplates/library/pdf/154042.pdf 

 http://www.usgbc.org/DisplayPage.aspx?CMSPageID=221 

 http://lwf.ncdc.noaa.gov/oa/climate/online/ccd/avgwind.html  

 http://www.getsmartenergy.com/windcube/index.aspx 

 http://www.windspireenergy.com/windspire/photos-and-videos/?album=9&gallery=36 

 http://www.fpm.iastate.edu/utilities/billing/benchmarks_building.asp?building=HILTON&

meter_num=E0039 

 http://www.alternative-energy-news.info/mariah-power-low-cost-wind-energy/  (cost) 

 http://www.livegreen.iastate.edu/loan/docs/objectives.pdf (Live Green! 0% interest loan) 

 http://www.energy.iastate.edu/AERLP/index.htm (Alternate Energy Revolving loan 
program) 

 http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=IA05F&re=1&ee=1 
(Iowa Energy Bank Load) 

http://www.betaled.com/us-en/home.aspx
http://www.kimlighting.com/
http://www.innovativelight.com/ecobrite.html
http://www.gelighting.com/na/
http://www.walmart.com/ip/GE-Compact-Fluorescent-Bulb-26-Watt-T3-Spiral-Soft-White/16945075#ProductDetail
http://www.walmart.com/ip/GE-Compact-Fluorescent-Bulb-26-Watt-T3-Spiral-Soft-White/16945075#ProductDetail
http://www.officedepot.com/a/products/306997/GE-Spiral-Compact-Fluorescent-Bulb-Soft/
http://www.officedepot.com/a/products/306997/GE-Spiral-Compact-Fluorescent-Bulb-Soft/
http://www.lithonia.com/commercial/L.html?pt=Commercial%20%26%20Industrial%20Fluorescent
http://www.lithonia.com/commercial/L.html?pt=Commercial%20%26%20Industrial%20Fluorescent
http://www.wattstopper.com/products/details.html?id=101&category=43&type=Commercial
http://www.wattstopper.com/products/details.html?id=101&category=43&type=Commercial
http://www.weather.com/weather/wxclimatology/monthly/graph/USIA0026
http://www.pellacommercial.com/overview/glazing.asp
http://www.dynaforce.com/LoPro_air_curtain.html
http://www.buildinggreen.com/live/index.cfm/2012/3/27/Window-Performance--the-Magic-of-Lowe-Coatings
http://www.buildinggreen.com/live/index.cfm/2012/3/27/Window-Performance--the-Magic-of-Lowe-Coatings
http://en.wikipedia.org/wiki/Hilton_Coliseum
http://www.fpm.iastate.edu/utilities/billing/benchmarks_building.asp?building=HILTON
http://oee.nrcan.gc.ca/sites/oee.nrcan.gc.ca/files/pdf/industrial/equipment/vfd-ref/pdf/variable-frequency-drives-eng.pdf
http://oee.nrcan.gc.ca/sites/oee.nrcan.gc.ca/files/pdf/industrial/equipment/vfd-ref/pdf/variable-frequency-drives-eng.pdf
http://www.engineeringtoolbox.com/affinity-laws-d_408.html
http://www.sbt.siemens.com/sbttemplates/library/pdf/154042.pdf
http://www.usgbc.org/DisplayPage.aspx?CMSPageID=221
http://lwf.ncdc.noaa.gov/oa/climate/online/ccd/avgwind.html
http://www.getsmartenergy.com/windcube/index.aspx
http://www.windspireenergy.com/windspire/photos-and-videos/?album=9&gallery=36
http://www.fpm.iastate.edu/utilities/billing/benchmarks_building.asp?building=HILTON&meter_num=E0039
http://www.fpm.iastate.edu/utilities/billing/benchmarks_building.asp?building=HILTON&meter_num=E0039
http://www.alternative-energy-news.info/mariah-power-low-cost-wind-energy/
http://www.livegreen.iastate.edu/loan/docs/objectives.pdf
http://www.energy.iastate.edu/AERLP/index.htm
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=IA05F&re=1&ee=1
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 http://das.gse.iowa.gov/energybank/index.html (Iowa Energy Bank Loan) 

 http://www.dsireusa.org (Energy Loan Database) 

 http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=IA01F&re=1&ee=1 

 Mechanical and Electrical Systems in Buildings, 4th Edition, by: Richard R. Janis & 

William K.Y. Tao (r-value exterior wall and SHGF) 

http://das.gse.iowa.gov/energybank/index.html
http://www.dsireusa.org/
http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=IA01F&re=1&ee=1


APPENDIX A 
 
 

PROPOSED LIGHTING FIXTURE CUT SHEETS    



 



 



 



 



 



NCAA BROADCAST LIGHTING LEVELS 
 



MUSCO LIGHTING DESIGN 



 



 



 



 



EXTERIOR LIGHTING RETROFIT KITS 



 



 



 



 
 
 

APPENDIX B 

 
 
NEW WINDOW PERFORMANCE TABLE 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
WINDOW HEAT TRANSFER EQUATIONS 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
AVERAGE HIGH AND LOW TEMPERATURES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
HEAT GAIN MONTHS’ LOADS 
 

       

       

May Outside Temp: 73° F Inside Temp: 72° F

Current A(SF) SC SHGF U TD

N 3,385.00 0.88 32.00 0.90 1.00

NW 1,687.00 0.88 40.00 0.90 1.00

W 2,099.00 0.88 149.00 0.90 1.00

SW 1,706.00 0.88 187.00 0.90 1.00

S 3,381.00 0.88 116.00 0.90 1.00

SE 1,695.00 0.88 34.00 0.90 1.00

E 2,092.00 0.88 32.00 0.90 1.00

NE 1,675.00 0.88 32.00 0.90 1.00

New A(SF) SC SHGF U TD

N 3,385.00 0.41 32.00 0.16 1.00

NW 1,687.00 0.41 40.00 0.16 1.00

W 2,099.00 0.41 149.00 0.16 1.00

SW 1,706.00 0.41 187.00 0.16 1.00

S 3,381.00 0.41 116.00 0.16 1.00

SE 1,695.00 0.41 34.00 0.16 1.00

E 2,092.00 0.41 32.00 0.16 1.00

NE 1,675.00 0.41 32.00 0.16 1.00

Total Cooling Load 

New Windows 567,791.83 BTU/HR

Old Windows 1,228,537.84 BTU/HR

Difference 660,746.01 BTU/HR

55.06 Tons/HR

55.06 Ton/HR

77.09 KW/HR

$19.27 Per Hour

$14,338.19 For Month

Energy Savings

June Outside Temp: 82° F Inside Temp: 72° F

Current A(SF) SC SHGF U TD

N 3,385.00 0.88 32.00 0.90 10.00

NW 1,687.00 0.88 40.00 0.90 10.00

W 2,099.00 0.88 149.00 0.90 10.00

SW 1,706.00 0.88 187.00 0.90 10.00

S 3,381.00 0.88 116.00 0.90 10.00

SE 1,695.00 0.88 34.00 0.90 10.00

E 2,092.00 0.88 32.00 0.90 10.00

NE 1,675.00 0.88 32.00 0.90 10.00

New A(SF) SC SHGF U TD

N 3,385.00 0.41 32.00 0.16 10.00

NW 1,687.00 0.41 40.00 0.16 10.00

W 2,099.00 0.41 149.00 0.16 10.00

SW 1,706.00 0.41 187.00 0.16 10.00

S 3,381.00 0.41 116.00 0.16 10.00

SE 1,695.00 0.41 34.00 0.16 10.00

E 2,092.00 0.41 32.00 0.16 10.00

NE 1,675.00 0.41 32.00 0.16 10.00

Total Cooling Load 

New Windows 593,308.63 BTU/HR

Old Windows 1,372,069.84 BTU/HR

Difference 778,761.21 BTU/HR

64.90 Tons/HR

64.90 Ton/HR

90.86 KW/HR

$22.71 Per Hour

$16,353.99 For Month

Energy Savings



 
 
 

      

      

July Outside Temp: 84° F Inside Temp: 72° F

Current A(SF) SC SHGF U TD

N 3,385.00 0.88 32.00 0.90 12.00

NW 1,687.00 0.88 40.00 0.90 12.00

W 2,099.00 0.88 149.00 0.90 12.00

SW 1,706.00 0.88 187.00 0.90 12.00

S 3,381.00 0.88 116.00 0.90 12.00

SE 1,695.00 0.88 34.00 0.90 12.00

E 2,092.00 0.88 32.00 0.90 12.00

NE 1,675.00 0.88 32.00 0.90 12.00

New A(SF) SC SHGF U TD

N 3,385.00 0.41 32.00 0.16 12.00

NW 1,687.00 0.41 40.00 0.16 12.00

W 2,099.00 0.41 149.00 0.16 12.00

SW 1,706.00 0.41 187.00 0.16 12.00

S 3,381.00 0.41 116.00 0.16 12.00

SE 1,695.00 0.41 34.00 0.16 12.00

E 2,092.00 0.41 32.00 0.16 12.00

NE 1,675.00 0.41 32.00 0.16 12.00

Total Cooling Load 

New Windows 598,979.03 BTU/HR

Old Windows 1,403,965.84 BTU/HR

Difference 804,986.81 BTU/HR

67.08 Tons/HR

67.08 Ton/HR

93.92 KW/HR

$23.48 Per Hour

$17,468.21 For Month

Energy Savings

August Outside Temp: 83° F Inside Temp: 72° F

Current A(SF) SC SHGF U TD

N 3,385.00 0.88 32.00 0.90 11.00

NW 1,687.00 0.88 40.00 0.90 11.00

W 2,099.00 0.88 149.00 0.90 11.00

SW 1,706.00 0.88 187.00 0.90 11.00

S 3,381.00 0.88 116.00 0.90 11.00

SE 1,695.00 0.88 34.00 0.90 11.00

E 2,092.00 0.88 32.00 0.90 11.00

NE 1,675.00 0.88 32.00 0.90 11.00

New A(SF) SC SHGF U TD

N 3,385.00 0.41 32.00 0.16 11.00

NW 1,687.00 0.41 40.00 0.16 11.00

W 2,099.00 0.41 149.00 0.16 11.00

SW 1,706.00 0.41 187.00 0.16 11.00

S 3,381.00 0.41 116.00 0.16 11.00

SE 1,695.00 0.41 34.00 0.16 11.00

E 2,092.00 0.41 32.00 0.16 11.00

NE 1,675.00 0.41 32.00 0.16 11.00

Total Cooling Load 

New Windows 596,143.83 BTU/HR

Old Windows 1,388,017.84 BTU/HR

Difference 791,874.01 BTU/HR

65.99 Tons/HR

65.99 Ton/HR

92.39 KW/HR

$23.10 Per Hour

$17,183.67 For Month

Energy Savings



 
 
 

       

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

September Outside Temp: 77° F Inside Temp: 72° F

Current A(SF) SC SHGF U TD

N 3,385.00 0.88 32.00 0.90 5.00

NW 1,687.00 0.88 40.00 0.90 5.00

W 2,099.00 0.88 149.00 0.90 5.00

SW 1,706.00 0.88 187.00 0.90 5.00

S 3,381.00 0.88 116.00 0.90 5.00

SE 1,695.00 0.88 34.00 0.90 5.00

E 2,092.00 0.88 32.00 0.90 5.00

NE 1,675.00 0.88 32.00 0.90 5.00

New A(SF) SC SHGF U TD

N 3,385.00 0.41 32.00 0.16 5.00

NW 1,687.00 0.41 40.00 0.16 5.00

W 2,099.00 0.41 149.00 0.16 5.00

SW 1,706.00 0.41 187.00 0.16 5.00

S 3,381.00 0.41 116.00 0.16 5.00

SE 1,695.00 0.41 34.00 0.16 5.00

E 2,092.00 0.41 32.00 0.16 5.00

NE 1,675.00 0.41 32.00 0.16 5.00

Total Cooling Load 

New Windows 579,132.63 BTU/HR

Old Windows 1,292,329.84 BTU/HR

Difference 713,197.21 BTU/HR

59.43 Tons/HR

59.43 Ton/HR

83.21 KW/HR

$20.80 Per Hour

$14,977.14 For Month

Energy Savings



 
 
 

October Outside Temp: 41° F Inside Temp: 72° F

U A TD

Old 0.90 17,720.00 31.00

New 0.16 17,720.00 31.00

Total Heating Load 

New Windows 87,891.20 BTU/HR

Old Windows 494,388.00 BTU/HR

Difference 406,496.80 BTU/HR

33.87 Tons/HR

33.87 Ton/HR

47.42 KW/HR

$11.86 Per Hour

$8,820.98 For Month

Energy Savings

November Outside Temp: 28° F Inside Temp: 72° F

U A TD

Old 0.90 17,720.00 44.00

New 0.16 17,720.00 44.00

48.08 Ton/HR

67.31 KW/HR

$16.83 Per Hour

$12,116.23 For Month

Energy Savings
Total Heating Load 

New Windows 124,748.80 BTU/HR

Old Windows 701,712.00 BTU/HR

Difference 576,963.20 BTU/HR

48.08 Tons/HR

December Outside Temp: 15° F Inside Temp: 72° F

U A TD

Old 0.90 17,720.00 57.00

New 0.16 17,720.00 57.00

Total Heating Load 

New Windows 161,606.40 BTU/HR

Old Windows 909,036.00 BTU/HR

Difference 747,429.60 BTU/HR

62.29 Tons/HR

62.29 Ton/HR

87.20 KW/HR

$21.80 Per Hour

$16,219.22 For Month

Energy Savings

January Outside Temp: 12° F Inside Temp: 72° F

U A TD

Old 0.90 17,720.00 60.00

New 0.16 17,720.00 60.00

Total Heating Load 

New Windows 170,112.00 BTU/HR

Old Windows 956,880.00 BTU/HR

Difference 786,768.00 BTU/HR

65.56 Tons/HR

65.56 Ton/HR

91.79 KW/HR

$22.95 Per Hour

$17,072.87 For Month

Energy Savings

HEATING LOSS MONTHS’ LOADS 

 

 

 

 

 

 

 

 

   

 

 

   

 

 

 

 

 



 
 
 

February Outside Temp: 17° F Inside Temp: 72° F

U A TD

Old 0.90 17,720.00 55.00

New 0.16 17,720.00 55.00

Total Heating Load 

New Windows 155,936.00 BTU/HR

Old Windows 877,140.00 BTU/HR

Difference 721,204.00 BTU/HR

60.10 Tons/HR

60.10 Ton/HR

84.14 KW/HR

$21.04 Per Hour

$14,135.60 For Month

Energy Savings

March Outside Temp: 28° F Inside Temp: 72° F

U A TD

Old 0.90 17,720.00 44.00

New 0.16 17,720.00 44.00

Total Heating Load 

New Windows 124,748.80 BTU/HR

Old Windows 701,712.00 BTU/HR

Difference 576,963.20 BTU/HR

48.08 Tons/HR

Total Heating Load 

New Windows 93,561.60 BTU/HR

Old Windows 526,284.00 BTU/HR

Difference 432,722.40 BTU/HR

36.06 Tons/HR

36.0602 Ton/HR

50.48 KW/HR

$12.62 Per Hour

$9,087.17 For Month

Energy Savings

   

 

 

 

   

 

 

 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

48.08 Ton/HR

67.31 KW/HR

$16.83 Per Hour

$12,520.10 For Month

Energy Savings

April Outside Temp: 39° F Inside Temp: 72° F

U A TD

Old 0.90 17,720.00 33.00

New 0.16 17,720.00 33.00



 
 
 
AIR CURTAIN ENERGY SAVINGS CALCULATOR 

 
 

 

 

 

 

 



APPENDIX C 

 

 
DETAILED BREAKDOWN OF COST 
 

 

Description
Unit Material 

Costs ($/Unit)

Total 

Material Cost 

Total 

Labor Cost 

Total Material & 

Labor Cost ($)

Total Contract 

Cost (With O&P)
PV and Wind Windspires 9,400$                   10 Ea. 94,000$            34,000$        128,000$                       140,800$                    

Total Contract 140,800$                    

Energy Use Windows 195$                      17720 SF 3,455,400$      144,040$     3,599,440$                   3,959,384$                

Air Curtains 155$                      19 Ea. 6,700$               2,400$          9,100$                           10,010$                      

VFD's 2,034$                   16 Ea. 32,544$            10,420$        42,964$                         47,260$                      

Total Contract 4,016,654$                

Lighting Lower Level - 2'x4' LED Troffer Retrofit Kit 180$                      22 Ea. 3,960$               1,440$          5,400$                           5,940$                        

Lower Level - T8 1'x4' Surf. Mounted Linear Florescent 120$                      42 Ea. 5,040$               2,400$          7,440$                           8,184$                        

Lower Level - DW -100 Wall Mounted Occupancy Sensor 118$                      6 Ea. 708$                  2,000$          2,708$                           2,979$                        

Lower Level - DT -300 Ceiling Mounted Occupancy Sensor 96$                         6 Ea. 576$                  1,600$          2,176$                           2,394$                        

Concession Stand - 26 Watt Compact Florescent 20$                         65 Ea. 1,300$               480$              1,780$                           1,958$                        

Seating Area - LED 8" Architectural Downlight - 28 LED's 419$                      152 Ea. 63,688$            12,160$        75,848$                         83,433$                      

Seating Area - LED 8" Architectural Downlight - 42 LED's 469$                      136 Ea. 63,784$            10,880$        74,664$                         82,130$                      

Seating Area - LED 8" Architectural Downlight - 56 LED's 679$                      156 Ea. 105,924$          12,480$        118,404$                       130,244$                    

Main Floor - Musco Lighting 1000W Metal Halide ShowLight 2,000$                   80 Ea. 160,000$          165,000$     325,000$                       357,500$                    

Ext Light - ET Entablature Large LED Retrofit Kits - 60LED's 625$                      34 Ea. 21,250$            1,020$          22,270$                         24,497$                      

Ext Light - ET Entablature Large LED Retrofit Kits - 120LED's 775$                      36 Ea. 27,900$            1,080$          28,980$                         31,878$                      

Total Contract 731,137$                    

Total Contract 4,888,591$                

Number of 

Units



APPENDIX D 
 
 

LEED-EB CREDIT-BY-CREDIT NARRATIVE 
 
The credit-by-credit narrative is provided to explain in more detail how each credit may be 
attained or why we cannot attain them.  Credits highlighted in RED correlate to those credits 
achievable with the Green Energy Challenge retrofit and renovations.  Credits highlighted in 
TEAL correlate to those credits attainable by current practices at Iowa State University.  Those 
credits unattainable will remain in BLACK. 
 
 

Sustainable Sites 
 
SS Credit 1:  LEED Certified Design and Construction 

0/4 points  
We will be unable to get this credit because Hilton has no prior LEED accreditation.  This 
credit is unattainable and is outside the scope of the Green Energy Challenge. 
 

SS Credit 2: Building Exterior and Hardscape Management  
1/1 point 
Iowa State currently uses environmentally friendly cleaning products and ice removal 
methods.  Iowa State also does a well good job of maintaining its hard surfaces including 
Sidewalks and Pavements.   
 

SS Credit 3: Integrated Pest Management, Erosion Control and Landscape Management Plan 
1/1 point 
Iowa State currently uses environmentally friendly pest management products.  The 
natural areas on campus are very well protected also.   
 

SS Credit 4: Alternative Commuting Transportation:  
10/15 points (Yes); 5/15 points (Maybe) 
At Hilton Coliseum, most of its occupants use the CyRide, a campus and city wide bus 
system, to travel to and from the building.  On game days, most occupants either walk or 
ride the CyRide.  A very small minority drives and those who do usually car pool.  10 of 
the 15 credits will be easily attainable.  The remaining 5 credits will depend on how 
many occupants LEED allows to claim with CyRide.   
 

SS Credit 5: Protect or Restore Open Habitat 
1/1 point 
Iowa State currently uses native vegetation or a native “hybrid” everywhere on campus.  
The building might be able to get 25% vegetation coverage excluding the building 
footprint.  Obtaining the 5% vegetation coverage counting the building footprint is a lot 
more attainable.   
 

 
 



SS Credit 6: Storm water Quantity Control 
0/1 point 
Iowa State does not collect storm water.  Storm water collection is very rare in Iowa due 
to water not being scarce in Iowa.   

 
SS Credit 7.1: Heat Island Reduction-Non-Roof 

0/1 point 
Hilton Coliseum’s parking lot will not be covered. 
 

SS Credit 7.2: Heat Island Reduction – Roof 
1/1 point 
Hilton Coliseum’s roof is white and has an SRI exceeding that required for this credit. 
 

SS Credit 8: Light Pollution Reduction:  
1/1point (Maybe) 
Most of the outdoor lights are covered as specified in this credit.  However, it is unclear 
whether or not Hilton will be able to pass the after-hours portion of this credit which 
requires lights be off during after-hours.  Since Hilton is an arena, a good portion of its 
usage is during the night when games are being played.  This credit might be attainable 
and is outside the scope of the Green Energy Challenge. 

 

Water Efficiency 
  
WE Credit 1: Water performance Measurement 

1/2 points (Yes); 1/2 (No) 
Iowa State meters its utility usage including potable water.  However, Iowa State does 
not track the specific usage for which potable water is being used.   
 

WE Credit 2: Additional Indoor Plumbing Fixture and Fitting Efficiency 
4/5 points (Yes); 1/5 points (Maybe) 
Automatic fixtures are present throughout the building.   
 

WE Credit 3: Water Efficient Landscaping 
4/5 points (Yes); 1/5 points (Maybe) 
Iowa State does not irrigate its grass or vegetation.   
 

WE Credit 4.1-4.2: Cooling Tower Water Management 
 1/2 points (Maybe); 1/2 points (No) 

Iowa State has a central plant that has cooling towers.  Although there is no cooling 
tower on site, Hilton does use a cooling tower.  Iowa State has made upgrades to the 
cooling towers on campus that increase water efficiency.  Also, Iowa State addresses 
chemical treatment, bleed-off, and biological control in accordance to this this credit.  
Iowa State does not measure non-potable water usage in its cooling towers.  Therefore, 
the first part of this credit (1 credit) is attainable and the other part is unattainable.   

 



Energy and Atmosphere 
 
EA Credit 1: Optimize Energy Efficiency Performance 

4/18 points (Yes); 14/18 points (No) 
As part of the Green Energy Challenge competition, at least 4 points are obtainable.  
Using EPA’s Energy Star Portfolio Manager for Hilton Coliseum, it was found that this 
facility had a Performance Rating of 75.  This corresponds to 4 points in LEED-EB; 
however, more points are believed to be obtainable as most of the inputted data itself 
was conservative.  The summary of the rating provided by the Portfolio Manager can be 
found later in this Appendix (D). 
 

EA Credit 2.1: Existing Building Commissioning—Investigation and Analysis 
2/2 points 
An energy use analysis was performed for the heating, cooling, and lighting systems 
from the facility.  From this assessment, it could be determined if the building 
system/equipment was being utilized to its potential.  If an item was not, it was replaced 
by a piece of equipment which would perform in a more efficient manner.  In addition to 
this, an ongoing commissioning plan for the building will be developed based off the 
energy use analysis provided in this report. 

 
EA Credit 2.2: Existing Building Commissioning—Implementation 

2/2 points 
It is desirable to implement low-cost operational improvements to promote sustainability, 
as well as to reduce costs for the owner.  The energy use analysis was performed to 
develop a basis to replace major pieces of equipment.  Using that analysis, a retrofit was 
performed which in time would both save the owner money as well as allow the system 
to operate more efficiently.  

 
EA Credit 2.3: Existing Building Commissioning—Ongoing Commissioning 

2/2 points 
By creating an ongoing commissioning program, it will ensure that all installed 
equipment is performing as expected.  Additionally, it will provide a good determination 
of when future development should be considered, saving both time and money.  The 
energy use analysis provided in this report will serve as the basis of creating the ongoing 
commissioning program. 

 

EA Credit 3.1: Performance Measurement—Building Automation System 

1/1 points 
Across campus, Iowa State University already has installed a building automation 
system.  This system is operated using Johnson Controls.  With this system already in 
place, this credit is easily obtainable.  

 
EA Credit 3.2: Performance Measurement—System-Level Metering 

0/2 points 
To achieve this credit, each system for the building along with each system’s 
components must be monitored.  Although installing a system-level metering system is a 
possible, it would come at a great cost for the owner and therefore is not recommended. 



 
EA Credit 4: On-site and Off-site Renewable Energy 

6/6 points 
Based upon the PV/Wind energy system design, it is expected that XX% of the total 
energy consumed at Hilton will be produced on-site through renewable sources.  In 
addition to this, Iowa State University owns its own wind farm which has the capability of 
producing 10% of the total amount of consumed energy by the University in January.  
Therefore, with these two systems in place, 6 points will easily be obtained.  

 
EA Credit 5: Enhanced Refrigerant Management 

0/1 point  
Hilton receives all of its power from the Cogeneration plant located on Iowa State 
University’s campus.  Using option 2 provided by the LEED-EB handbook, the plant’s 
current operations produce slightly above the limit of ozone-depleting substances.  
However, currently the plant has scheduled to replace an existing generator which when 
installed, will reduce this number making this credit obtainable. 
 

EA Credit 6: Emissions Reduction Reporting  
1/1 point 
Since Hilton Coliseum receives its power from Iowa State’s University’s cogeneration 
plant, the pollutants here are monitored.  With the cogeneration power plant operating at 
an efficiency of 65%, when compared to the national average efficiency of 45%, it is 
considered to be one of the nation’s cleanest coal plants making this point easily 
obtainable. 

 

Materials and Resources 
 
MR Credit 1: Sustainable Purchasing—Ongoing Consumables 

1/1 Point 
Iowa State University’s current purchasing program already exceeds the requirements 
apart of this credit, thus easily achieving this credit. 
 

MR Credits 2.1: Sustainable Purchasing 
1/1 point 
As determined in the energy use analysis/retrofit, it was estimated that a number of new 
components should be added to Hilton’s system.  In order to achieve this credit, 40% of 
the total electric-powered equipment purchases will be either Energy Star qualified or 
replace conventional gas-powered equipment. Iowa state University’s green initiative 
program contains purchasing requirements which already satisfy this credit. 

 
MR Credit 2.2: Furniture 

1/1 point 
Although the scope of the Green Energy Challenge project does not include this credit, if 
this project was to be completed, 1 point would be obtained. As part of Iowa State 
University’s current green initiative program, the requirements for this credit will easily be 
satisfied. 

  
 



MR Credit 3: Sustainable Purchasing—Facility Alterations and Additions 
1/1 point 
As part of the Green Energy Challenge competition, 1 point is obtainable.  Again, based 
upon Iowa State University’s current purchasing program, the requirements laid out in 
this credit will easily be met. 

 
MR Credit 4: Sustainable Purchasing—Reduced Mercury in Lamps 

1/1 point 
As part of the Green Energy Challenge competition, 1 point is obtainable.  Since there 
are currently no lamps which contain mercury, none will need to be phased out.  Then, 
as mentioned in the lighting retrofit, with many lights being phased out and replaced by 
LEDs and other less energy consuming lamps, this will decrease the operating costs and 
reduce the amount of energy used. 
 

MR Credit 5: Sustainable Purchasing—Food 
1/1 point 
Although the scope of the Green Energy Challenge project does not include this credit, if 
this project was to be completed, 1 point would be obtained.  Use of concessions at 
Hilton Coliseum is quiet frequent due to the many events which are held here.  Apart of 
Iowa State University’s current food buying policy with vendors, the requirements in this 
policy meet those specified in this credit. 

 
MR Credit 6: Solid Waste Management—Waste Stream Audit 

1/1 point 
Although the scope of the Green Energy Challenge project does not include this credit, if 
this project was to be completed, 1 point would be obtained.  Again, a part of Iowa State 
University’s current green initiative program, the requirements for this credit will easily be 
satisfied. 

 
MR Credit 7: Solid Waste Management—Ongoing Consumables 

1/1 point 
Although the scope of the Green Energy Challenge project does not include this credit, if 
this project was to be completed, 1 point would be obtained.  Again, a part of Iowa state 
University’s current green initiative program, the requirements for this credit will easily be 
satisfied. 

 
MR Credit 8: Solid Waste Management—Durable Goods 

1/1 point 
Although the scope of the Green Energy Challenge project does not include this credit, if 
this project was to be completed, 1 point would be obtained.  Again, a part of Iowa state 
University’s current green initiative program, the requirements for this credit will easily be 
satisfied. 

 
MR Credit 9: Solid Waste Management—Facility Alterations and Additions 

1/1 point 
Although the scope of the Green Energy Challenge project does not include this credit, if 
this project was to be completed, 1 point would be obtained.  Again, a part of Iowa state 
University’s current green initiative program, the requirements for this credit will easily be 
satisfied. 



Indoor Environmental Quality 
 
IEQ Credit 1.1: IAQ Best Management Practices – IAQ Management Program 

1/1 point 
Iowa State University could develop an IAQ management program for the building. 
 

IEQ Credit 1.2: IAQ Best Management Practices – Outdoor 
1/1 point 
Iowa State University already has Johnson Controls in place that continuously monitor 
systems for outdoor ventilation flow rates.  
 

IEQ Credit 1.3: IAQ Best Management Practices – Increased Ventilation 
0/1 point 
This project would not be able to provide the necessary increase in ventilation required 
to earn this credit. The nature of the use of the building does not allow for a practical 
solution in an attempt to earn this credit. 
 

IEQ Credit 1.4: IAQ Best Management Practices – Reduce Particulates in Air Distribution  
1/1 point 
This project does include the installation of equipment with particle filters that have a 
MERV of 13 or greater. We can include this credit. 
 

IEQ Credit 1.5: IAQ Best Management Practices – IAQ Management for Facility Alterations and  
Additions 
1/1 point 
This credit could be earned easily by doing particulate testing during the construction 
phase of this project. 
 

IEQ Credit 2.1: Occupant Comfort – Occupant Survey 
1/1 point 
Iowa State University already gives an occupant survey for building efficiency 
performance. This credit can be earned. 
 

IEQ Credit 2.2: Controllability of Systems – Lighting 
0/1 point 
This credit is not an option give the nature of the general use of the building. Because 
the building often hosts visitors lighting controls are not a practical alternative. 
 

IEQ Credit 2.3: Occupant Comfort – Thermal Comfort Monitoring 
1/1 point 
The building already has a continuous tracking and monitoring system of indoor comfort 
and conditions in occupied spaces. 
 

IEQ Credit 2.4: Daylight and Views 
0/1 point 
We cannot achieve day lighting in at least 50% of the building’s regularly occupied 
spaces because of the nature of the use of the building. We cannot earn this credit. 
 



IEQ Credit 3.1: Green Cleaning – High Performance Cleaning Program 
1/1 point 
We can earn this credit as Iowa State University has a high performance cleaning 
program. 
 

IEQ Credit 3.2: Green Cleaning – Custodial Effectiveness Assessment 
1/1 point 
We can earn this credit as Iowa State University uses periodic custodial assessments. 
 

IEQ Credit 3.3: Green Cleaning – Sustainable Cleaning Products, Materials Purchased 
1/1 point 
We can earn this credit as Iowa State University uses sustainable green cleaning 
products. 
 

IEQ Credit 3.4: Green Cleaning – Sustainable Cleaning Equipment 
1/1 point 
We can earn this credit as Iowa State University uses sustainable green cleaning 
equipment. 
 

IEQ Credit 3.5: Green Cleaning – Indoor Chemical and Pollutant Source Control 
0/1 point 
No, we are unable to achieve this credit because the vestibules are not large enough to 
accommodate the required length mats. 
 

IEQ Credit 3.6: Green Cleaning – Indoor Integrated Pest Management 
1/1 point 
Iowa State University does use a pest management plan. We can achieve this credit. 

 

Innovation in Operations 
 
IO Credit 1.1: Innovation in Operations: Specific Alternative 

0/4 points 
We are unable to earn these credits. 
 

IO Credit 2: LEED Accredited Professional 
1/1 point 
We have multiple LEED accredited professionals that could be assigned to the project at 
Iowa State University.  

IO Credit 3: Documenting Sustainable Building Costs Impacts 
1/1 point 
We can achieve this credit by documenting building operation costs over the first five 
years after the project to demonstrate improved energy usage. 

 
 
 



Regional Priority Credits 
 
WE Credit 2: Additional Indoor Plumbing Fixture and Fitting Efficiency 

0/1 point 
30% reduction – No, we cannot achieve this credit. The building already uses efficient 
water fixtures and would not be able to achieve a 30% reduction in water consumption. 
 

SS Credit 4: Alternative Commuting Transportation 
1/1 point 
50% reduction – It is unlikely that the project will be able to claim enough regular building 
occupants as using alternative transportation despite the community providing a useful 
Cyride bus system. 

 
SS Credit 6: Storm water Quantity Control 

0/1 point 
Iowa State University does not collect storm water and is unlikely to change its practices 
due to the practicality of the climate. 

 
SS Credit 7.2: Heat Island Reduction –Roof 

0/1 point 
While structures for the roof system that may improve the necessary credentials to meet 
this credit were considered, they were not chosen to be implemented. This credit is not 
able to be earned. 

 
MR Credit 5: Sustainable Purchasing—Food 

1/1 Point 
This credit could be earned but it is outside the scope of the project. Current practices 
already include the sustainable purchasing of food for the concessions and vending in 
the building. 

 
MR Credit 7: Solid Waste Management—Ongoing Consumables 

1/1 Point 
The building currently has a solid waste management plan that would earn this credit. 
However it is outside the scope of the Green Energy Challenge. 

 

 
 
 
 
 
 
 
 
 
 
 
 



EPA STATEMENT OF ENERGY PERFORMANCE 
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