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Executive Summary

The NECA IIT Student Chapter performed an assessment of the IIT Tower, a mixed use 
facility  located on the 120-acre Main Campus of Illinois Institute of Technology (IIT), just four miles 
south of downtown Chicago.  Built in 1963, IIT Tower is a 20-story concrete and glass building the 
only mixed-use, high structure of its kind in the area. The building contains 385,921 gross square 
feet (sq. ft.)  with 18 floors of occupancy and a lower-level basement. University Technology Park at 
IIT and a variety of mixed-use tenants, ranging from social and government agencies to research 
startup companies, currently occupy the building.

IIT Tower operates 24 hours, 7 days a week, and while it is the largest building on campus, it is also 
the biggest user of energy. Since  the building is over 60 years old, the building is extremely 
inefficient in regards to energy, as much of the original mechanical and electrical  equipment is still 
being used.  During tours, and the initial assessment of the Tower, our team was able to determine 
several areas that could be addressed to increase the overall efficiency of the building while 
dramatically reducing energy usage and the carbon footprint of the IIT Tower.

The main areas we chose to address and include in our proposal are retrofitting all existing T8 
lighting fixtures to LED, while also adding Green Light Power Pack (GLPP) with occupancy and 
daylight control sensors. The GLPP will provide real time power control and monitoring of the 
lighting system over a network for energy savings up to 45%. The installation of a building 
automation system (BAS), which the Tower currently does not have, is also proposed.  The 
installation of variable frequency drives for the larger pumps  throughout the building which are 
responsible for the HVAC system as a whole is also recommended to further increase efficiency.

Another focal point of our presentation is to add solar carport shading to approximately 20,000 sq. 
ft. of the estimated 50,000 sq. ft. Tower parking lot.  The last major point of our proposal is to 
eliminate the use of the current natural gas fuel back-up generator for the Tower, and utilize a 500 
kW Zinc-Bromide battery (ZBB EnerStore Flow Battery) to act as the emergency back-up for the 
building. 

The ZBB is currently in place and dormant near the Tower and could be utilized to store energy 
generated from wind and solar applications, which are also currently installed on campus. The 
energy stored in the ZBB, when not supplying power as the emergency power source for the 
Tower, can be used as a frequency regulator. When used with the frequency regulation 
mechanism, the ZBB can  supply energy back to the utility company. This will create an additional 
source of income for the university that it is currently not receiving. 

Mission Statement

The NECA IIT Student Chapter is dedicated to providing our clients with feasible, practical, and 
environmentally friendly applications to reduce energy consumption through extensive research, 
cost analysis, and the innovative thinking and collaboration of our diverse group.
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B.1 Project Summary



Project Summary

                                                                                                                                                                                                              iitproposal | 02

Figure 1 - IIT Tower

Client Summary

Illinois Institute of Technology (IIT) is a private university located in Chicago, Illinois and was proudly 
established in 1890. Our motto is: Transforming Lives. Inventing the Future.  Students, faculty, and 
staff demonstrate their dedication to this motto each day by continuing to find new ways to 
innovate.  IIT’s Facilities Department maintains all buildings owned by the University. 

The Office of Campus Energy and Sustainability (OCES) has been a major player in enacting IIT’s 
vision of a more sustainable campus.  In an effort to achieve this vision,  the office has various 
project teams that are actively working to improve the campus in areas such as energy, emission 
of greenhouse gases, healthy water, waste materials, and community sustainability. In addition to 
those projects, OCES hosts guest speakers who lecture on various micro topics pertaining to the 
topic of sustainability.

To take IIT’s vision of a more sustainable campus to the next level, we proposed to retrofit the IIT 
Tower (Figure 1) which is located at the edge of campus in the historic Bronzeville neighborhood. 
The Tower was built in 1963 with 18 floors of occupancy. At the entrance there is a 24-hour door 
guard who is always ready to provide visitors with information. The building serves more people   
than any other building on campus, which is why the IIT Tower was chosen to retrofit because it 
has the most potential energy savings. 

The Tower is home to many businesses who rent out space, such as a café, auditorium, 
conference rooms, gym, classrooms, and many more useful facilities.  The café  named 10 West 
offers students and faculty coffee, breakfast, and lunch.  The auditorium has hosted many 
innovative engineering themed lectures.  These lectures are free to attend and are very 
informative.  For example, one of the lectures dealt with image processing with the guest speaker 
being the well-renowned Edward J. Delp.  The Tower is a very exciting place that features unique 
lectures that would appeal to anyone.    

Even student organizations use the Tower, frequently.  Every year hundreds of student 
organizations hosts  events in the auditorium.   The Tower provides a wonderful experience to 
learn about different cultures.
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The classrooms in the Tower are state-of-the-art facilities that include cameras and monitors.  
The cameras allow the Tower to offer online courses that help national and international students.  
There is nothing that compares to finishing a class and getting up to see the breathtaking view of 
the greatest skyline in the world (Figure 2).    

The Galvin Center for Electricity Innovation is located on the 16th floor and is the center of IIT’s 
push for clean, renewable energy.  The opening of the center was very important to the city of 
Chicago, even bringing Mayor Rahm Emanuel to the ceremony.          

As part of Mayor Emanuel’s energy initiative, the IIT Tower is expected to achieve a 20% reduction 
in gas and electric usage over the next five years. Retrofitting this specific building would produce 
some of the greatest savings of any building on campus;  it serves a large  number of people from 
various backgrounds and has many areas where energy could be saved. We firmly believe that 
with our recommendations in this proposal, we can exceed the 20% reduction that is expected.

Since IIT is a leader in innovation, it only makes sense to retrofit the Tower.  The Tower is the 
perfect place because it encapsulates the core values of the university.  Many innovative ideas 
are being developed with the help of the Tower.    

Figure 2 - IIT Tower view of campus and Chicago
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B.2 Technical Analysis 1: 
   Energy Audit and Benchmark
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Assessment of the Energy System

Our team began its assessment of the IIT Tower by gathering information from original building 

blueprints, interaction with the Department of Facilities and Maintenance Management, from 

scheduled walk throughs and tours, and by utilizing the Energy Star Benchmarking Tool.  Our initial 

assessment was that the IIT Tower, built in 1963, had undergone very few changes to its electrical, 

lighting, and mechanical systems over the last 52 years. 

The lighting in the IIT Tower operates on a 120V system. While roughly half of the light fixtures  have 

been retrofitted to more efficient types, there still remains many T12 fluorescent operating with 

magnetic ballasts.  The mechanical equipment utilizes 120V and 480V electrical supplies, but the 

majority of these pumps and motors are old and very inefficient.  In addition, all pumps, fans, and 

motors operate at maximum speed when in use, as the building does not have a Building 

Automation System (BAS) and very few variable frequency drives (VFDs). 

The heating for the IIT Tower is supplied by high pressure steam and forced air heat, while the 

cooling is supplied by two chillers that operate within the chilled water loop of the south end of 

campus.  Another major factor of the inefficiency of the HVAC system of the building is the building 

envelope. The majority of the building is comprised of glass windows that disrupt the operation of 

the heating and/or cooling system. The windows were also found to have many areas of leakage 

which further reduced the efficiency of the building. Utility costs for IIT Tower for 2014 are shown in 

Figure 3.

Figure 3 - Utility data graph 



Project Summary

 

Figure 4 - Utility cost for Tech Park

Energy Audit/Benchmark 

The energy audit was conducted in two facilities, IIT Tower and Tech Park, utilizing the Energy Star 
benchmarking tool with the information obtained from Facility Management.  After auditing, we 
compared the two buildings’ utilities cost for 2014.  These similar sized facilities were built about 
forty years apart.  IIT Tower was built in 1960s whereas Tech Park was built in 2000s. 

Based on the energy usage data (Table 1), it is clear that IIT Tower is inefficient in energy usage.  
Figure 4 illustrates that about 80% of the utility cost is for steam and about 10% for electricity and 
the rest for gas, water, and chilled water. In comparison, IIT Tower is 35% less efficient than Tech 
Park.

Table 1 - IIT Tower vs. Tech Park: Utility Cost for 2014
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Data for Comparison of Tower and Tech Park Buildings

Electricity Gas Steam Water Chilled Water Total

Tower $ 144,694.77 $ 7,676.84 $ 919,091.47 $ 14,363.72 $ 99,114.62 $ 1,184,941.42

Tech Park $ 86,816.81 $ 4,606.10 $ 597,409.46 $ 10,054.60 $ 69,380.23 $ 768,267.20 



Key Observations and Recommendations

A building automation system is a central control unit that can autonomously or remotely control a 
building's HVAC and lighting systems, via a wired or wireless network, responding to data gathered 
from sensors and optimizing usage.  Recent advancements in technology have made these 
systems relatively affordable to install.  Building codes in Chicago require new buildings to have 
some automated features, but many older buildings like the IIT Tower still do not have them, in spite 
of the many benefits they offer.

If the IIT Tower were retrofitted with a building automation system that incorporated daylight 
sensors, occupancy sensors, and timing mechanisms, lights in the building could be dimmed or 
turned off automatically during periods of inactivity, cutting wasted energy, considerably.  The 
HVAC system could also be fitted with variable speed drives that could respond similarly when 
areas of the building are unoccupied.  In addition to cutting energy usage, a building automation 
system would lower the strain put on the HVAC and lighting systems; thereby, reducing the need for 
maintenance.  The system could also provide timely feedback to maintenance personnel when 
components need to be replaced.

Building automation systems also provide centralized control and monitoring of usage to building 
maintenance crews.  Web interfaces or mobile applications can be used to track usage and detect 
unusual or unexpected activity, providing vital feedback and helping with preventative 
maintenance.

Data visualization could help highlight areas with the most potential for improvement, facilitating 
later renovations to the building.  Reduced maintenance also converts to cost savings from 
improved productivity of workers, who might otherwise be unable to use facilities as they are being 
repaired.

Energy Management Solutions, a contractor specializing in retrofitting buildings with automation 
systems estimates that installation costs are typically about $2/sq. ft.  For the IIT Tower (with 
385,921 sq. ft. of floor space), this translates to an installation cost of $771,842.00.  Utility companies 
typically provide a rebate of about 20%, which would reduce the initial cost of the system by 
$154,368.40, for a total initial cost of $617,473.60.  

With an annual utility cost for the IIT Tower of $289,440.00, it is estimated that the system would 
save $57,888.15 in energy costs (a 15% reduction) and $38,592.10 in maintenance costs (a 10% 
reduction).  Additionally, the system would save $192,960.50 in productivity loss avoidance (a 1% 
improvement).  This totals to $289,440.75 in annual cost savings, which means the system would 
pay for itself in just over two years.

For a university that prides itself on cutting edge technology, particularly green energy technology, 
a modern building automation system like this would serve as a standard to other academic 
institutions considering improvements of their own, and draw attention to IIT for its progressive work 
in improving building efficiency.  Given the short payback period and many upsides to modernizing 
the IIT Tower with a system like this, it is strongly recommended that IIT make this investment.
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Mechanical/HVAC – Fans

The IIT Tower HVAC system uses V-belts in its belt drive system, which are not as efficient as other 
belts. V-belt drives (Figure 5) have a peak efficiency of approximately 95% at the time of 
installation, and require tension checking every three to six months. Efficiency is assumed to be at 
approximately 92% now.

Synchronous belts (Figure 6) are toothed and require the installation of grooved sheaves. These 
belts operate with an efficiency of approximately 98%. A retrofit of existing belt drive systems 
requires both the replacement of the belts and the sheaves.

Due to the cost of retrofitting, it makes financial sense to replace the belt drive systems for motors 
of over 20 hp only. The cost analysis will be conducted under the assumption that the current 
efficiency of the motors is 70% and that they operate at 75% capacity for 16 hours per day. The 
cost of retrofitting includes both the cost of materials and installation (Table 2).

Figure 5 - V-belt Drive Figure 6 - Synchronous Belt Drive

Table 2 - Annual Belt Retrofit Energy Savings

No. of 
Motors

hp
Current Annual 
Energy Usage 

(kWh)

Annual Energy 
Savings (kWh)

Annual Energy 
Savings US Dollar 

2 60 559,839.08 34,275.86 $8,568.97

2 50 466,532.58 28,563.22 $7,140.81

2 20 186,613.02 11,425.28 $2,856.32

8 25 933,065.12 57,126.40 $1,4281.60

Total Cost to Replace $11,000 Total Annual Savings $32,847.69

Return on Investment 0.334  year



Project Summary
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Mechanical/HVAC – Pumps

In the IIT Tower there are 44 pumps, many of which have motors less than 5 hp. All of these pumps 
are the original pumps that were installed when the building was constructed. Due to the fact that 
completely replacing all the pumps would be too expensive a project, the most cost-effective route 
to increase efficiency is to install Variable Frequency Drives (VFDs) onto the larger pumps.  

VFDs are extremely effective in cutting costs in HVAC system motors because of the relationship 
between fan speed and power usage. The speed of the motor is proportional to the cube root of 
the power used, so a 10% decrease in motor speed results in a 27% decrease in power usage. This 
means that slightly decreasing the speed of the motor during non-peak hours has the potential to 
save large amounts of electricity. 

The estimates for power usage and cost in Table 3 are based on weekly usage of 70 hours at 65%, 
with motor efficiencies of 90%. The cost to upgrade includes the price of the VFDs, as well as the 
cost of installation, which is estimated to be 50% of the VFD price.  VFDs also enable the pumps to 
be joined into the building automation system, which will enable precise control over the pumps 
and possibly allow for greater savings than predicted.

Mechanical - Building Enclosure

Window Control Film can help reduce heating costs in the winter and cooling costs in the 
summer.  The energy performance of a window is typically rated by the National Fenestration 
Council in two ways: U-factor and Solar Heat Gain Coefficient (SHGC).  The U-factor is a 
measurement of how well a window prevents heat loss out of it.  The SHGC is a dimensionless 
coefficient between 0 and 1 that represents the amount of solar energy transmitted through a 
window.   Windows are exposed to ultraviolet, infrared, and visible light.   

No. of 
Pumps

hp
Annual Energy 
Savings kWh

Cost to Upgrade US Dollars Annual Energy 
Savings US 

Dollar 

5 125 140,167 $58,425 $35,041.75

4 50 224,268 $28,680 $56,067.00

2 40 89,706 $13,656 $22,426.50

1 25 28,033 $4,318 $7,008.25

7 20 156,989 $22,092 $39,247.25

Total Cost to Replace $127,171 Total Annual Savings $159,790.80

Return on Investment 0.796 years

Table 3 - Annual Pump Upgrade Savings



Project Summary
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Modern window control film, which is clear instead of shaded, can be used to reflect the sun’s 
infrared radiation while still allowing visible light to enter the building.  This maintains the amount of 
daylight reaching the indoors and reduces dependence on interior lighting.  Max Performance 
Low-E Film is capable of reducing  a single pane window’s SGHC from 0.81 to 0.17, and the U-
Value from 1.09 to 0.84 BTU/hr*ft2*°F.  

The IIT Tower could reduce its annual heating and cooling energy usage by 15.9% by installing 
Low-E Film on the west, east, and south facing windows.  Low-E Film costs approximately $5 per 
square foot, including materials and installation (Table 4).  Figures 7 and 8 illustrate thermal 
imaging heat loss in the Tower and adjacent building with lower U-Factor. 

Conclusion

The HVAC system includes more than just the fans, pumps, and building enclosures; 
but, information on the chillers and cooling towers, both of which consume significant amounts of 
power, was is presently unavailable.  It is recommended to  determine the current efficiency of the 
three chillers and investigating a possible upgrade.  

We also looked into upgrading the elevators.  The IIT Tower has four elevators that run constantly 
every day.  A cost analysis of current power usage compared with the cost of installation and 
power savings of a more efficient elevator showed that it would not be cost effective to replace the 
existing elevators. After doing a cost analysis of current power usage and comparing it to the cost 
of installation and power savings of a more efficient elevator, we found that it is most cost-
effective to keep the current elevators.

Table 4 - Annual Window Film Installation Savings

Current Annual HVAC 
Energy Usage (kWh)

Annual 
Reduction

Annual Energy Savings 
(kWh)

Annual Energy Savings (US 
Dollar)

2,220,000 15.9% 352,980 $88,245

Cost of Installation $236,000 Return on Investment 2.67 years

Figure 7 - Heat loss in IIT Tower Figure 8 - Adjacent Building with lower U-
Factor 



B.3 Technical Analysis 2: 
   Lighting Retrofit
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IIT Tower Space Assessment

The IIT Tower has gone through very little changes over the  years. Some of the 1’x 4’ T12 fixtures 
have been retrofitted with 2-32 watt T8 lamps.  The ‘exit’ and ‘stair’ signs have  been  retrofitted to 
4.5 watt LED kits (Chicago Building Code approved).  Some of the recessed down-light (cans) with 
incandescent bulbs were also changed to LED.  The Tower has 8,462 fixtures, which consume 
approximately 595,704 watts.  This is equal to 1.54 watts per square foot, or 70.4 watts per fixture.  
Despite these attempts, the energy use is still substantial, see Table 5. 

Recommendations

1.  Install a complete LED, UL listed, rebate approved (Energy Star) lighting retrofit for all recessed   

     fixtures. In office space, meeting rooms, bathrooms and cafeteria. See Figure 9.

2.  Replace all single bulb (100 watt) fixtures in janitor, electrical, storage and office closets with      

      equivalent, 18 watt LED bulbs that are rebate approved (Energy Star).

3.  Replace all down light exterior canopy (150 watt) high pressure sodium bulbs to 27 watt 

     (rebate approved) 150 watt equivalent bulbs. See Figure 10.

4.  Install a Green Light Power Pack (GLPP), 2 channel systems with 1 occupancy  and 1 daylight 

     harvesting sensor for individual zone, for dimming, automation abilities, advance sensing, and 

     network application for monitoring power consumption on each zone. See Figure 11, page 12..

                                      

Table 5 - IIT Tower kWh energy consumption-Current

Figure 10 -  South canopy lights   Figure 9 - Cafeteria 6th floor      

Estimated Hours / Week Day 12 Estimate Hours/ Weekend Day 8

Daily kWh 6,605.616 Daily kWh 4,603.744

Monthly kWh 188,753.504

Monthly Cost $47,188.38

Annual Cost $566,260.51



New System Design

Based on the new system design several implementation ideas have been developed such as:

1. Utilize takeoff software to generate an exact count of fixtures and lamps for retrofit.

2. Identify areas of most sunlight to install daylight sensors, to dim fixtures and save energy.

3. Identify the best place for occupancy sensors in office spaces, hallways and other rooms.

4. Create scope of work to produce labor cost and organize a realistic schedule.

5. Order all necessary materials and coordinate with building maintenance to perform work.

6. Develop recycling plan for old ballast and fluorescent lamps.

7. Retrofit  1’x4’,  2’x2’  and 2’x4’  recessed and surface  fixtures with ERG, LED retrofit kits.

8. Replace all down light fixtures with equivalent wattage LED lamps or bulbs.

9. Install  all daylight and occupancy sensors and connect to GLPP  lighting automation 

system (Figure 11).

Project Summary
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Figure 11 - Green Light Power Pack for Lighting Automation and ERG Lighting Retrofit Kit 

ERG Lighting Retrofit Kit

Crestron Green Light: GLPP-
1DIMFLV2EX-PM

Crestron Green Light: GLS-ODT-C-500

Crestron Green Light: GLS-LCL

Crestron: Type J 
Switch / Optional



  Proposed Reflected Ceiling Plan 
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N

Figure 12 - IIT Tower 2nd Floor Reflected Ceiling Plan Typical for all 18 Floors

Reflected Ceiling Plans

The reflected ceiling plans for the IIT Tower have  never been updated. Figure 12 shows the 2nd 
floor reflected ceiling plan, which is a typical reflected ceiling plan for all floors up to the 19th 
floor. The first floor and the basement have the same area, but a different floor layout. The 
lighting team decided to use the 2nd floor drawing since it seems to resemble the majority of 
the other floors’ reflected ceiling plans and fixture count.

The proposed reflected ceiling plans would consist of a GLPP system for each office space 
(Figure 13, page 14).  The GLPP  system is a retrofit friendly component that can be installed 
using existing line feed.  This component would be installed  above the ceiling using two 4” x 4” 
deep electrical boxes. 

Each GLPP would control one room with up to  48 fixtures with a current draw of 12.96 amps, 
which is below its maximum of 16 amps.  It would also control two ceiling mounted motion 
sensors that would turn room lights on or off. Photo sensors will  dim all building perimeter 
lights, 15 feet horizontally  from window and 2 feet on each side of the width of the window, to 
comply with the  Illinois Energy Conservation Code (IECC) C405.2.2.3.2 (Figure 14, page 15). 

The hallways, offices, bathrooms and other rooms not along the perimeter would  be 
controlled by motion detectors only. A great advantage of the GLPP is the capability to give 
real time power monitoring and providing  an annual  energy savings of $309,472.92.
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 Occupancy Sensors

 Daylight Harvesting Sensors

 1’x4’, 2’X4’ and 2’x2’  LED Retrofit Fixtures as detailed in Figure 12 

 Green Light Power Pack

Figure 13 - IIT Tower Proposed Reflected Ceiling Plan

 N

Table 6 - Lighting and Control Quantities

Table 6 shows the amount of occupancy sensors, Photocells and Green Light Power Pack (GLPP) 
needed for the IIT Tower proposed LED lighting retrofit as highlighted in Figure 13. 

Type Model Quantity

Creston 120v Power Pack GLPP- IDIMFL V2EX- PM 162

Creston 120v Power Pack GLPP- 1SW3EX 154
Creston 120v/ 277v
Occupancy Sensor

GLS- ODT- C- 500 1278

Creston 120v/ 277v
Photo Sensor

GLS- LCL 612

ERG 1’ x 4’ LED Retrofit
Kits

ERGL14L26D- 3000K 7774



Cost and Benefit Use
There are substantial benefits to the new system design:
1.  The annual electricity expense savings of $309,472.92.
2.  A one time ComEd incentive savings of $157,252.50
3.  A savings due to daylight harvesting sensors of an additional $50,803,20 annually.

Table 8, on page 16, shows the cost of materials purchased from five vendors (Crestron, ERG, 
GE, CREE and KOBI). Cost was  important, so the best prices for quality were considered.  A unit 
labor  price of $86 was estimated with the help of a NECA contractor. 

I

Impact on Day LIghting and Calculations of Cost and 
Benefits

Day lighting Impact/Energy Use

The IIT Tower has a great amount of ambient light that we can take advantage of by installing 
harvesting sensors in each office space to dim lights 15 feet from windows (Figure 14). The  Green 
Light Power Pack will then transmit real-time data to achieve a maximum energy savings.  The 
impact on daylighting is shown on Table 7.  
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Figure 14 - C405.2.2.3.2 Automatic 
Dimming

Table 7 - Savings Due to Daylight Sensors

Number of Perimeter Fixtures 1,764

Total Wattage (kW) 56.448

Average # of Hours of Acceptable 
Sunlight

10

Total Saved Daily (kWh) 564.58

Total Saved Monthly (kWh) 16,934.4

Total Saved Annually ($) $50,803.20



Table 8 - Estimated Material, Labor,and ROI

                                                                                                                                                                                                                           iitproposal | 16

Description # of Units Unit Material Cost ($/Unit) Total Material Cost ($) Unit Labor Cost ($/Unit) Total Labor Cost ($) Total Material & Labor Cost ($)

Crestron (GLPP-DIMFL V8-PMPOWER PACK) 162 $ 1,482.00 $ 240,084.00 $ 86.00 $ 13,932.00 $ 254,016.00

Crestron (GLPP-18W3EX/POWER PACK) 144 $ 336.30 $ 48,427.20 $ 86.00 $ 12,384.00 $ 60,811.20

Crestron (GLS-ODT-C-500/OCCUPANCY SENSOR) 1278 $ 100.32 $ 128,208.96 $ 28.62 $ 36,576.36 $ 164,785.32

Crestron (GLS-LCL/PHOTOCELL) 612 $ 95.76 $ 58,605.12 $ 28.62 $ 17,515.44 $ 76,120.56

ERG Lighting (ERGL 14L26D-3000K LED 1'x4' KIT) 7774 $ 64.80 $ 503,755.20 $ 21.50 $ 167,141.00 $ 670,896.20

General Electric (GE 66362 LED PAR3818 WATT) 600 $ 18.00 $ 10,800.00 $ 5.71 $ 3,426.00 $ 14,226.00

CREE (BA21-1650QMF LED BULB 18 WATT) 126 $ 20.67 $ 2,604.42 $ 4.30 $ 541.80 $ 3,146.22

KOBI (KIN3-DIMMABLE 40 LED 27 WATT) 74 $ 42.65 $ 3,156.10 $ 7.16 $ 529.84 $ 3,685.94

Misc. Electrical Material and Wire 347409 $ 0.26 $ 90,326.34 $ - $ - $ 90,326.34

Clean-up/Recycling and Disposal 7902 $ 0.71 $ 5,610.42 $ 5,610.42

TOTAL PROJECT COST $ 1,343,624.20

COMED INCENTIVE RETURN $ 157,252.50

PROJECT COST $ 1,209,693.70

TOTAL SAVED ANNUALLY $ 360,276.12

RETURN ON INVESTMENT (YEARS)  3.36 



The building receiving the energy audit is the Illinois Institute of Technology Tower at the IIT’s main 
campus.  The client of the IIT Tower is the Office of Facilities and Public Safety.  IIT Tower provides 
many different services including: academic offices, classrooms, and rental spaces. The 
occupants range from the Department of Defense to WISER, the Wanger Institute for Sustainable 
Energy Research.  With so much important research and data, the IIT Tower needs a microgrid 
with its own generation and back-up.  In Chicago, energy efficiency has become more widely 
discussed.

B.4 Critical Load Analysis
   and Microgrid Concept

Nature of the Facility and the Client

The Illinois Institute of Technology began integrating the first functional smart grid in 2008.  As a 
result, all of the buildings are part of perfect power loops that can prevent line power loss in case of 
an outage.  The Tower is on its own loop that includes the cogeneration plant and the south 
substation.  Figure 15 shows the entire IIT microgrid.  The IIT Tower is the large building circled in 
blue on the right.

The first of its kind implementation allows the whole campus to go into island mode if necessary. If 
this happens, the cogeneration plant can start outputting around 8 MW of power, which would be 
enough to run the campus during normal loads.   The peak load of the entire campus is around 11 
MW.  The turbines can run with diesel or natural gas, but have been using exclusively natural gas 
for some time. 

Along with producing the power, the plant uses the exhaust to heat the entire campus using steam 
pipes. The turbines are very efficient, with a rating of about 96% at optimal conditions. There is not 
much room for improvement in terms of upgrading the cogeneration plant. However, we have 
found other ways to improve efficiency, redundancy, and usefulness of the grid in which IIT Tower 
is connected.

The grid that has been implemented at the Illinois Institute of Technology is nearly perfect.  The grid 
can isolate a fault and restore power to other buildings that were on the fault’s loop.  It can 
accomplish this feat by rerouting the flow of the power.  Since the different loops are intertwined, 
power can be routed between different loops.  

Figure 15 -  IIT Microgrid
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Analysis of Critical Loads

Based on information obtained by the facility department and from an on-site assessment of the 
tower, the emergency lighting system, the fourteenth floor data center, and one elevator are 
considered critical loads. 

One elevator is considered a critical load because during an emergency or power loss an elevator 
needs to be operational to meet ADA guidelines.  One elevator requires 30kW for operation.  We 
recommend a ZBB EnerStore flow battery, as outlined in the following section.

The emergency lighting system includes emergency signage (EXIT and STAIRS), shown in Figures 
16 and 17, and emergency lights (EM lights). There are sixteen exit/stair signs on every floor. Since 
the IIT Tower has twenty floors, there are a total of 320 emergency signals. These signals need a 
total energy of 1.440 kW. Also, there are twenty two emergency lights per floor, with a total of 440 
emergency lights in the building. These emergency lights need a total energy of 14.1 kW. 

Figure 16 -  Emergency signage (STAIRS) Figure 17 - Emergency signage (EXIT)

The IIT Tower contains many offices such as the Admission Office, Academic Affair Office, Student 
Health and Awareness Center.  Also, there are research centers that are important to the 
university.  These offices and research centers are critical because of the data storage that they 
contain. 

The importance of these offices and centers make them an important part of the critical loads of 
the IIT Tower.  These data centers have their own back-up emergency plan which consists in UPS 
systems.  Even though these data centers have their own back-up system, it has been proposed 
that in the case of an emergency the back-up power to the data centers needs to last longer than 
the UPS systems provided.     

In conclusion, the critical loads of the IIT Tower are one elevator, Emergency signals, Emergency 
lights, and Data Centers.  The energy needed for these critical loads, (Data Centers not included) is 
50 kilowatts.  To meet the critical loads requirements, a back-up emergency plan has been 
proposed consists of a ZBB EnerStore flow battery.  This battery can meet these critical loads for 
four hours, which gives enough time for any emergency evacuation plan. This back-up emergency 
plan will be explained in the next section.
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Concept to Meet Critical Load Requirements

Back-up Concept

Energy storage is the key to overcoming our increasing global demands.  Electricity can be stored 
by converting it to other forms of potential, kinetic, and chemical energy.  Battery energy storage 
systems can deliver power quickly, and have emerged as one of the most efficient energy storage 
methods.  They can be used for peak shaving, frequency regulation, renewable energy storage, 
microgrids, and emergency back up plans.  We propose that the IIT Tower use a ZBB EnerStore 
Flow battery.  We suggest this battery because it is already connected to the existing campus grid 
(Figure 18), it can work with the proposed solar panels, and is sufficient to meet the building’s 
critical loads.

Battery Back-up Emergency Plan for the IIT Tower (ZBB EnerStore Flow 
battery)

The battery that we are proposing as a back-up plan for the IIT Tower is a ZBB EnerStore Flow 
battery.  This is an electrochemical system that stores energy in two solutions containing different 
redox couples (Figure 19). 

The main purpose of using this battery as a back-up system is because the ZBB battery has many 
merits. First of all, this battery is connected to the grid of IIT. The battery will charge by absorbing 
energy from the solar panels that are connected to the grid, and when a power loss occurs in the 
tower, the battery will provide the energy needed for the critical loads.   

The ZBB EnerStore flow battery can provide a power of 250 kWh. The critical load for emergency 
back-up system of IIT Tower is about 50 kWh for emergency lights and an emergency elevator. 
However, the ZBB battery will be able to meet and sustain the IIT Tower critical load system for 
about 4 hours. In addition, ZBB battery has an expected life of greater than 20 years for the 
electrolyte, controls, mechanicals, DC/AC converters and the enclosure. 

This battery, while primarily being used as a back-up power source, also has many advantages 
related to the efficiency of the energy used in the tower.  One advantage is that batteries are an 
energy storage system with a faster response to power losses. Furthermore, the ZBB battery is a 
more environmentally friendly alternative compared with the current generator, which uses natural 
gas fuel to operate. 

Figure 19 -  Shows the ZBB EnerStore flow battery. 

Provide by ZBB battery. 

Figure 18 -  ZBB Battery on the IIT 

Tower.
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The cost of a flow battery is around $300 to $500 per kWh, which is significantly high.  However, 
since the university already owns a ZBB EnerStore Flow battery, this issue would not be a 
disadvantage for us.  Overall, using this ZBB EnerStore Flow battery will bring security by 
responding faster and eliminating data loss, provide clean energy generated through the solar 
panels, and profit through using the battery for frequency regulation (Figure 20). 

Figure 20 -  ZBB battery Connected to the Grid. Provided 

by ZBB

To maximize the usefulness of the ZBB EnerStore flow battery, a frequency regulation mechanism 
is recommended.  The Frequency Regulation Mechanism will create economical and energy saving 
benefits.  Since the battery will be connected to the microgrid, the ZBB EnerStore battery will be 
able to perform both tasks: frequency regulation and provide emergency back-up power.

When the microgrid is on, no emergency back-up power plan is needed since the microgrid is 
providing all the energy to the system.  Only when the microgrid is off (power outage) will an 
emergency back-up power plan be needed.  Therefore, we propose that when the grid is on, the 
battery is used as a 500 kW frequency regulator system and when the grid shuts down 
automatically, the battery switches on and serves as an emergency back-up power plan for critical 
load systems. 

On a normal day, load variations can occur spontaneously.  These deviations can create economic 
problems, increasing electrical cost.  A major problem with power systems is ensuring a consistent 
phase angle on the AC frequency.  Frequency regulation is a mechanism that balances these load 
variations creating a relief in the electrical system.  The frequency regulation is the use of a 
frequency controller to provide a small injection or removal of power into the system to ensure that 
it operates at the desired frequency (Figure 21).

IIT Tower

Figure 21 - Plot of Load vs. Time shows how Frequency 
Regulation Operates
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ZBB EnerStore Flow Battery as a Frequency Regulator

Currently, frequency controllers used in power plants are not very stable.  Immediate response is 
handled by generators, which are poor candidates since they are rotating machines and very 
sensitive to load fluctuations.  Battery back-up systems can also be used for frequency regulation.

The ZBB EnerStore flow battery is perfect for a frequency regulation system because it can 
perform high cyclic energy storage without degradation in performance.  PJM (Pennsylvania, 
Jersey, Maryland Power Pool) will pay IIT to use the battery for frequency regulation, which will 
offset the electrical costs of the building (Figure 22).

Table 9 - Cost for the Battery

Figure 22 -  Sample of Freq. Reg. working with energy 

Storing Systems 

Another important characteristic of using the ZBB EnerStore Flow Battery as a frequency regulator 
is that it can be connected and controlled from the IIT microgrid. The IIT microgrid consists of many 
clean energy resources like solar panels and wind turbines. The battery can be connected to this 
power and it will provide clean energy for frequency regulation. Using clean energy for this process 
will not only be eco-friendly but will also reduce the IIT Tower electrical cost.  Without any doubt the 
ZBB EnerStore Flow battery is a great source of energy savings and financial relief. 

Equipment/System Cost ($) Revenue ($)
 250 kWh ZBB EnerStore 
Flow Battery + Installation. 

0 (already installed in 
campus.)

250kW Frequency 
Regulation Installation 
System + Installation. 

204,200.00 72,000.00 per year.

Total 204,200.00 72,000.00 per year

As seen in Table 9 above, the cost of buying a 250 kWh ZBB EnerStore Flow Battery is about 
$100,000 with installation included. However, IIT currently has a ZBB EnerStore Flow Battery at the 
IIT Tower, so the cost of buying the battery can be omitted. The 250 kW Frequency Regulation 
Installation System will cost approximately $204,200.00 with PJM contract and installation. The 
proposed frequency regulation system can generate revenue of approximately $72,000.00 per 
year.  In a 20 year period this system could generate about $1,440,000.00, out scoring the initial 
investment by 21.125%.



On-Site Generation Concept

After initial assessment of a solar plan, we found that placing panels (Figure 23) on the roof was not 
feasible for many reasons.  The cost of cranes for a building of such height, plus the square footage 
was not desirable. We also found wind turbines not to work because lack of space and wind. 

However, we found that the parking lot across the street was perfect as shown in Figure 24.  The 
parking lot is tied to the exact same line as IIT Tower, eliminated the need to dig trenches across a 
busy road for power.  

Since there is no shade to the South and minimal to the East and West.  Placing the panels in a 
carport structure in the center of the lot allows for easy installation, maximum clearance/sun, and 
low cost.  This installation simply requires removing light poles from the center and moving them to 
the West side of the lot.  We would then install the inverters and other equipment at the North end 
where there is wasted space.  

Batteries are not needed because it will be connecting to a preexisting system discussed below.  
The PV size would be about 20,000 sq. ft., this should generate about 250 kW of power according to 
multiple sources.  

Cost Estimate

The cost estimate for the purchase of the materials is $594,000.  We received this number by 
estimating the square footage of the area that we thought to be the best fit.  The square footage 
was 21,798 square feet.  With our estimate of the square footage and using $5 per watt, the cost is 
roughly $1.25 million.  By taking out the federal and state incentives, our estimate is dropped to 
about $845,000.   

With those numbers in mind, we began researching the cost and found a 250 kW system that 
covers roughly 20,000 square feet.  The system costs $594,000, with the installation costs being 
roughly $435,000 for the contractors and labor.  We also wanted to install 5 electric car charging 
stations, estimated to be about $80,000 with  installation.   After state and federal tax credits, the 
cost is $900,800.  The system will save about $94,500 each year.  With that number, it will take 9.53 
years to get the value back and to make money. The overall money saved after paying off the initial 
costs is $989,200 over a 20 year period.  

Figure 23 -  Location of Proposed    
Solar

 Figure 24 -  Image of a similar structure
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B.5 Schematic Estimate,
   Schedule, and Finance Plan
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Cost Estimate

After our thorough analysis and audit of the IIT Tower, the proposed total project cost is 
$4,000,609.30. Our cost estimate includes all materials and installation costs associated with 
each of the installed systems in the proposal.  The estimate also includes all applicable 
incentives and rebates available to each specific recommendation made by our team.  All 
general requirement costs, contractor costs, bonds, and contingency costs are also included in 
the final cost estimate displayed below in Table 10.

 

Table 10 - Total Cost Estimates for Retrofit
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Project Schedule

The project proposed by the NECA IIT Student Chapter has an initial installation start date of May 9, 2016 
and a closing date of September 2, 2016.  We chose this start date, as it gives us enough time to acquire the 
financing, contractors, permits, and materials all needed to begin the project (see Figure 25, page 25).  
Assuming that our proposal is selected, we would like to have our financing in place shortly after being 
awarded the project.  After acquiring financing, a pre-construction meeting will need to take place, by the 
beginning of February, 2016, with IIT administration to develop project plans and technical specifications of 
equipment to be installed.  Once all the drawings and specifications have been stamped and approved, we 
will put the project out for bid to contractors and award the contracts shortly after.  Once the contractors 
are secured, we can then begin to purchase all of the materials needed for the project.

The Low-E film installation will begin on April 19th, and this phase of the project has a duration of 38 work 
days.  The windows on each floor of the IIT Tower will be completed in two days by three installers.  The 
expected completion of the Low-E film installation is June 9th.  The mechanical/HVAC retrofit is scheduled to 
begin on May 9th.  Replacement of the belts and sheaves for the fan motors will not affect operations in the 
IIT Tower, as only one fan will be worked on at a time.  This portion of the project will be performed by 
Department of Facilities Maintenance and Management staff. It is expected that each fan will be retrofitted 
in one day with two maintenance personnel.  The completion date for the fan motors is May 26th.  The 
installation of the VFDs for the pump motors discussed in this proposal will also begin on May 9th.  The VFDs 
will be installed by one journeyman electrician and one apprentice electrician.  With the proper preparation 
prior to installation, it is expected that one VFD will be installed per day.  With one VFD being installed per 
day, there will be no interruption to university operations.  The expected completion of the installation of 
VFDs is June 2nd.  The building automation system (BAS) installation will begin on May 9th.  One journeyman 
electrician and one apprentice electrician will install the conduit, wiring, and system components, and make 
final terminations.  The BAS installation will take 58 work days, with an additional 5 days needed for testing.  
This phase of the project is expected to be completed on July 27th.  The lighting retrofit phase of the IIT 
Tower is scheduled to begin on May 27th.  The lighting retrofit phase covers the installation of all interior and 
exterior fixtures and lamps, sensors, switches, and controls addressed in the lighting retrofit section.  This 
phase of the project will be completed by three journeyman electrician and three apprentice electricians in 
61 work days. The expected completion for this phase of the project is August 19rd.

 
The pre-production tasks of the photovoltaic system are extensive, and will begin immediately after being 
awarded the project.  The first step will be to consult with an engineer about our proposed installation, which 
is expected to last 5 days.  After consulting, the engineering design will require approximately 30 work days.  
In the meantime, we will work with our supplier for the solar PV system, Upsolar, to find a contractor to install 
their product.  This process is expected to last roughly 30 days.  The City of Chicago has an expedited permit 
processing service, Chicago Solar Express, for solar PV system installation permits.  We expect to acquire 
the permits for our installation within 14 work days.  Once permits are acquired, we have to purchase and 
get the materials delivered, which have an eight week lead time.  We anticipate being able to order the solar 
PV system by April 20th.  Two weeks prior to receiving the purchased solar materials, June 7th, construction 
can begin in parking lot.  Removal of the existing pole lights will last 3 days.  The relocation of pole lights and 
pouring concrete bases for new pole lights, as well as for the solar PV system structural components are 
expected to be 10 work  days.  Next is the installation of new components.  New pole lights will be installed in 
2 work days. Installation of the inverters and charging stations, and connecting those components to the 
existing grid will last 10 work days.  The installation of the solar panel system itself will then begin, and be 
completed in 15 work days.  After installation is complete, the system needs to be tested, analyzed to ensure 
proper operation, as well as a needed  safety test.  The after installation testing can be completed in 2 days, 
as our main priority is to complete each task with the highest levels of safety.  The work on the solar PV 
system and the relocation of the parking lot pole lights will be performed by two journeyman electricians and 
two apprentice electricians.  Expected completion for the entire solar PV system installation is August 20th.       
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 Project Schedule - Gantt Chart with CPM

Figure 25 - Schedule for the retrofit 
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Finance Plan  

The finance plan for this project consists of three different parts.  The first part of the finance plan 
would be to partner with the companies that have worked with IIT through the 16th floor.  These 
companies include Exelon, ComEd, Schneider Electric, and  Intelligent Generation, LLC.  From 
these and many other companies, we are confident we can secure approximately $500,000.  
These partners have been very generous to the university in the past and initial feedback 
suggests these companies  would enjoy being part of such an innovative project. In addition, we 
expect to obtain conservatively $500,000.  Many buildings on campus have been built using a 
large portion of donation money comparatively.  

The second part of the finance plan is a revolving line of credit through HSBC Bank.  With this line 
of credit, we would take out the maximum amount, which is $2 million.  The line of credit would be 
paid back with the savings from the retrofit.   

The third part of the finance plan would be to secure another line of credit through U.S. Bank.  We 
would use the maximum finance plan, which is $1 million.  This would also be paid back with the 
savings from the retrofit.      
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Return on Investment

To calculate the return on investment (ROI) of our proposed project, the yearly savings from each 

of the proposed systems were used. The recommendations in this proposal will produce an annual 

energy savings of $1,097,050. With a total projected cost of $4,000,609, the expected ROI for the 

installation of the proposed systems is 3.65 years.  With the revolving line of credit, we would only 

need the $2 million line of credit because most of the project pays for itself fairly quickly. 

While we do not expect to have to utilize the extra $1 million line of credit from U.S. Bank, we have 

the option to do so if it is needed. There would be a low percentage interest rate around 2% 

annually with both lines of credit.  The HVAC and lighting help lower the years on the return from 

the solar panels.  Since we will not need to take out all of the money at the same time, the return on 

investment should be lower in years than the estimate.  

Using the NECAWORKS software, our team entered all relevant data into the database to predict 

the return on investment of our proposal. The results produced from the use of NECAWORKS 

(Figure 26) are a very similar prediction of ROI to what our team calculated. 

Figure 26 - NECAWORKS information 
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Integration with Existing Programs

The vision of Illinois Institute of Technology in regards to sustainability is to become the most 
sustainable, urban university in the United States.  Building upon the existing initiatives and 
policies already put in place at IIT proved to be a process that required creativity and innovation.  
Being that the IIT Tower is mixed use facility with many leased tenant spaces, it proved difficult to 
implement any major, building-wide campaigns.  Instead, we chose to make the overall 
awareness of energy usage our priority.

Innovation in Program Design

The use of occupancy sensors and daylight sensors will greatly reduce the cost and help improve 
the Tower’s energy usage.  The ideas proposed will help the university’s push towards a more 
sustainable future.  

Feedback   

The Awareness Team conducted a survey in which they interviewed  60 students, faculty, and 
staff.  The questions were meant to find out how important energy conservation was on campus.  
The results were very promising with 80% of the people believe that remembering to turn off the 
light makes a difference.  The results showed us that most of the students are aware; but, we still 
need to make it everyone’s priority to help reduce energy usage.    

Future Plans of Implementation   

Since some of the IIT Tower is rented out, making it difficult to regulate the usage of energy.  We 
have come up with a plan to remind everyone to conserve energy when they can by turning off a 
light or turning off their computer when they leave.  We have created an email to spread the word.  
The slogan for the project is “Help Conserve Power @ IIT Tower.”   Since the university wants to go 
greener we hope that the occupancy sensors will be able to be installed throughout campus.  
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C.2 Client FeedbackC.2 Client Feedback 



C.3 University Newsletter 
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The National Electrical Contractors Association (NECA) IIT Student Chapter will be competing in 
the 2015 Green Energy Challenge.  The purpose of the Green Energy Challenge is to perform an 
energy audit on a specific building.  The students compile a proposal that includes a solution and 
estimates that will be sent into the NECA competition to compete against many other universities.  
This will show IIT how they can improve the energy efficiency and sustainability of the building, 
while saving and earning money.  The NECA IIT Student Chapter has chosen to do an audit of IIT 
Tower. The team is working hard this semester and aspires to win the challenge.  

The NECA student chapter will be competing against a few dozen other Universities across the 
country.  With the assistance of the Office of Sustainability, the team looks to improve on their fifth 
place finish last year.  The campus has made a push to reduce energy consumption, so the 
proposed plan will be reviewed by the Office of Sustainability and could potentially be put into 
action.  The Mayor of Chicago, Rahm Emanuel, has talked with the school about trying to lower the 
energy usage by 20% over the next five years.  

The team consists of diverse students from many disciplines.  The leader of the grid team is Alex 
Wall, an Electrical and Computer Engineering major.  The co-leader of the grid team, Daniel Wente, 
is an Electrical Engineering major.  The leader of the programming team is Ariel Casaca de 
Andrade, an Architecture major.  The team is sponsored by the Chicago and Cook County Chapter, 
NECA.

The Green Energy Challenge is a great opportunity for the students to get involved in real world 
scenarios that are a main focus in society.  Energy audits and retrofits will be a huge part of the 
future making this project so valuable to everyone participating. After a semester of hard work, the 
team hopes to win the 2015 Green Energy Challenge and to begin implementing their proposal.  
The implementation will help the school push a greener Chicago, while saving money and the 
environment.    



C.4 Local NECA Chapter Interaction
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Throughout our project and the development of our proposal, we received a great deal of 
professional insight from many local NECA contractors. We’ve interacted with them to get more 
information about the industry through phone calls, emails, and group meetings which helped us 
put together our proposal. Without their help, we could not have put our proposal together so 
successfully.

Chicago & Cook County Chapter, NECA was instrumental in providing us the interaction with many 
of Chicago’s most well-known electrical contractors. We would also like to thank the Chapter’s 
Student Committee for their assistance and commitment to our group.

Candor Electric, Inc. provided critical feedback in the development of our proposal, as well as 
provided valuable information about the installation of solar photovoltaic systems. 

IBEW/NECA Technical Institute informed us of  industry codes that need to be adhered to in 
regards to the installation of our proposed systems. 

Intelligent Generation LLC provided useful information about how an energy storage system 
benefits the building in financial and non-economic ways, informed us of different options in 
upgrading our emergency power supply and provided information about the installation of building 
automation systems.

International Energy Conservation Consultants, LLC presented information about lighting & 
electrical conservation measures and building energy codes.

Kelso-Burnett Co. provided valuable insight in conducting energy audits and informed us of the 
various methods of retrofitting lighting.

Meade Electric Company Inc. provided information about micro grids and how they operate.
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Carport Mounting System 
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