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Figure 1: NECA-IIT Team 

1. Executive Summary of Proposal
The National Electrical Contractors Association-Illinois Institute of Technology Student Chapter 
(NECA-IIT) selected a building operating with low effi  ciency that serves an important role in the 
Bronzeville, Chicago community. The team audited Near South Health Center, which serves local 
community members in Cook County, and is located a mere 3 blocks from the Illinois Tech 
campus. With a purpose to bring health and wellbeing to the community, and a goal to become 
more modernized, Near South Health Clinic graciously gave NECA-IIT the opportunity to impact 
change in this facility.

Near South Health Center is over 40 years old and it has not received any known energy 
effi  ciency updates in its lifetime. Because of this, the building has poor air handling, uses 
ineffi  cient offi  ce supplies and does not produce any of its own power. Because of these issues, the 
team proposes the following changes to Near South Health Center: 
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1. Replacement of old HVAC systems
2. Replacement of all fl uorsecent bulbs to LED
3. Installation of a rooftop PV system
4. Installation of occupancy sensors

The total cost of these proposed updates to the Near South Health Center is $318,241.28 
fi nanced through private donations, grants, and city rebate opportunities. The total kWh energy 
saved per year is 74,319.25, and this is equivalent to 17.9 tons of waste recycled. The return of 
investment on these updates will be achieved in 3 years, and renovation will last approximately 4 
months. 

Mission Statement
The NECA student chapter at the Illinois 
Institute of Technology (See Figure 1) 
harnesses opportunities to engage engineers, 
designers, contractors, builders, and 
community members in energy conscious 
design through education of green energy and 
sustainable solutions. Implementation is an 
integrated design process used to conceive 
logical and feasible energy effi  cient solutions.
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Team Roles

Core Team Members:

Kevin Dillon-Team Leader, Kevin coordinated meetings, client communication, partner 
communication, and served as the team moderator.

Samantha Blanchard-NECA-IIT Chapter President, Sam coordinated IIT-NECA events, and 
presentations for chapter members.

Massara Haseeb-NECA-IIT Chapter Vice President and video director, Massara assisted the 
chapter president as necessary, as well as managed and coordinated eff orts toward the creation 
of the video.

Christina Hiotaky-NECA-IIT Chapter Secretary and Energy Effi  ciency Team Leader, Christina kept 
accurate records of all chapter meetings, formatted and compiled all components of the proposal, 
and managed the Energy Effi  ciency team. 

Raymond Schroeders-NECA-IIT Chapter Treasurer and Solar Team leader, Raymond tracked all 
chapter fi nances as well as managed the solar team.

Supporting Team Members:

Tristan Meredith-Co-Team Leader

Virgilio Nunez-Lighting Team Leader

Jelena Mihajlovic-Klaric-Finance Team Leader, Volunteer Coordinator
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Dale Hale Williams pioneered open-heart surgery in neighboring Provident Hospital. The YMCA 
on Wabash avenue developed the fi rst Black History month. Many famous musicians and artists 
reigned from Bronzeville, including  Louis Armstrong, Nat “King” Cole, Sam Cooke, Dinah 
Washington, Quincy Jones, Herbie Hancock, and Gwendolyn Brooks. Today’s Bronzeville is 
undergoing a revitalization driven by entrepreneurial African Americans who value its rich history 
and are dedicated to keeping that history and its lessons alive for generations to come. Renovated 
and restored historic homes complement new housing open to all income levels. 

2. Facility Role and Clientele

Facility Role

The Near South Health Center (See Figures 2 & 3) is operated by the Cook County Health 
System, which houses over 25 health centers across Cook County. Cook County Health strives to 
make an impact in their community by identifying and incorporating cutting edge technologies into 
their health centers. Cook County Health has operated for nearly 200 years, and strives to provide 
quality healthcare to all community members, even those who may not have the means to pay. 
The health centers follow three important tenants: Respect, Growth, and Diversity.
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Figure 2: Mike Hickey (left), Samantha Blanchard (middle), and 
Kevin Dillon (right) visit the center for an Energy Audit

Near South Health Center is located 
in Bronzeville, a Chicago 
neighborhood 5 miles south of 
downtown. It was known as an 
epicenter for African American 
history in the early 20th century. 
This “Black Metropolis” was a 
stepping stone for African 
Americans to create business and 
commerce in a previously white 
owned area. Institutions grew 
strong, even in those repressive 
times, as Bronzeville had 
signifi cantly less restrictions during 
this time. 

History was made by Bronzeville’s 
dynamic community members. 
Jesse Binga founded Chicago’s fi rst 
black owned insurance and 
fi nancial institution, Binga Bank.



Clientele

The Near South Health Center serves all members of the Bronzeville community and beyond, 
regardless of their fi nancial situation. The Cook County Health system has also dedicated 
numerous research initiatives towards:

• Prehospital Airway Control Trials
• Flu Prevention
• Heart Disease
• Gun Violence
• Opioid Use
• Suicide Prevention
• Breast Cancer

The health system works with the media and researchers to raise awareness on issues that 
impact the Chicagoland area more than ever. 

The NECA-IIT Chapter discussed 
the vital role Near South Health 
Center plays in maintaining the 
health standards of local community 
members in the Bronzeville area. 
Our leadership discussed with 
maintenance workers, 
management, and doctors to 
discuss the impact they have made 
giving us a better understanding 
of their initiatives. Guests from 
the ECA, Gurtz Electric Company, 
Continental Electrical Construction  Figure 3: Location of Near South Health Center

Community Service
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Company, Maron Electric Company, Connelly Electric, and Build Smart Chicago gave feedback on 
the proposal as well as presented on topics such as achieving net-zero. 

Architectural landmarks, many of which have been restored, include the original Chicago Defender 
Building, Unity Hall, The Chicago Bee Building, Overton Hygienic Building, Michigan Boulevard 
Garden Apartments, The Forum, the Wabash Avenue YMCA, and the Supreme Life Building. 
While restaurants, shops, and other local businesses are fl ourishing, it’s Bronzeville’s profound 
history that remains the primary draw for both locals and tourists.
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Kevin Dillon

Contact InformationContact Information
(630)-373-0019
kdillon1@hawk.iit.edu

EducationEducation
Illinois Institute of Technology
Armour College of Engineering

Major: Computer & 
Cybersecurity Engineering

Expected Graduation:
Fall 2020

SkillsSkills
SPI
I2C
UART Serial 
Communica-
tion
HTML/CSS
Git

Java
Javascript
MySQL
Python & C
AngularJS
TestNG/JUnit
VHDL

 Work Experience Work Experience
Software Developer • Intuit AppConnect • September 2014-De-
cember 2017
Chicago, IL

• Designed unit tests for new and existing Java classes 
using TestNG framework

• Practiced agile working procedures managed by JIRA to 
divide tasks into actionable parts

• Constructed database tables and columns and modifi ed 
existing tables using MySQL queries

• Programmed new Java data objects, functions for exist-
ing classes and some API request endpoints

• Built front-end pages designed for third-party developers 
Including Paypal and Square

Intern • itDuzzit • June 2013-August 2014
Chicago, IL

• Studied APIs from web applications to construct connec-
tions on the itDuzzit Cloud Integration platform

• Learned XML, JSON and csv fi le layouts and how to 
eff ectively parse and construct each

• Programmed Java functions and HTML/CSS/Javascript 
fi les for updating pages, adding new end-user

• callable methods and creating new available web appli-
cation connections

 Leadership Leadership 
Team Leader • NECA-IIT • Spring 2020

• Responsible for coordinating all eff orts towards the 
Green Energy Challenge project.

Project Leader • IIT-IPRO Program • Fall 2019
• Lead Watson Communication group to establish IoT 

publish/subscribe communication for IBM Remote Tele-
scopes IPRO class in Fall 2019

Member • IIT Esports Event Planning Team • Fall 2018

3. Team Resumes
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Samantha
Blanchard

Contact InformationContact Information
(661)-317-0910
sblanchard@hawk.iit.edu

EducationEducation
Illinois Institute of Technology
Armour College of Engineering

Major: Mechanical Engineering

Expected Graduation: Spring 
2022

SkillsSkills
MATLAB
Python
GSAS
Expugui
TGA
Excel
AutoCAD

Javascript
MovieMaker
Event Planning
Public Speak-
ing
Conversational 
Spanish

 Work Experience Work Experience
Undergraduate Researcher • Illinois Tech • July 2019-Present
Chicago, Illinois

• Work with Northwestern Post Doctorate to conduct re-
search on Lithium Ion Batteries, with Manganese Dioxide 
as a cathode material

Campus Manager • Fresh Prints Company • August 2018-Au-
gust 2019

• Establish a client base on campus by networking with 
campus organizations

• Mentored by CEO of Fresh Prints Company
• Work with online databases and outside distributors to 

fi nd apparel specifi c to each client

Lifeguard • City of Palmdale • July 2016-July 2019
Palmdale, California

• Responsible for light facility maintenance work, active 
surveillance of all patrons, and regulating and enforcing 
all facility rules

 Leadership Leadership 
Board Member • Chicago Undergraduate Research Symposium 

• Work with individuals from universities across Chicago 
to conduct the largest research symposium in the city, 
annually.

VP of Academic Aff airs • SGA • Spring 2020
• Meet with campus administration to make changes to 

university policy
President • NECA-IIT • Spring 2020

• Conduct energy audits of local facilities and compete in 
Green Energy Challenge

Vice president • Electrochemical Association
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Massara
Haseeb

Contact InformationContact Information
(708)-737-9923
mhaseeb1@hawk.iit.edu

EducationEducation
Illinois Institute of Technology
Armour College of Engineering

Major: Mechanical Engineering

Expected Graduation: Fall 
2020

SkillsSkills
Revit
Fusion 360
Inventor
Microsoft 
Offi  ce
MATLAB

C++
Customer Ser-
vice
Arabic
Laser 
Cutting
Sales

 Work Experience Work Experience

 Leadership Leadership 

Moraine Valley Community 
College • Transferred Spring 
2018 

Mechanical Engineering Intern • dbHMS • January 2020-March 
2020
Chicago, Illinois

• Developed a working knowledge of Revit MEP
• Gathered knowledge of the project in order to perform 

calculations and draw air fl ow diagram to prepare layouts 
of systems

• Designed components or portions of duct and piping 
systems while also modifying existing designs to improve 
upon them

• performed routine tasks under supervision using well-de-
fi ned engineering standards and procedures

• Drafted plans, airfl ow diagrams, detail sheets, and equip-
ment schedules

Manager/Painting Instructor • Art a la Carte • September 
2016-November 2018

• Taught 70 children and 45 adults on average per week 
the process of completing a masterpiece in numerous 
steps

• Established and executed new plans on creative paint-
ings for classes

Vice President • NECA-IIT • Spring 2020 
• Assisted the president in running chapter meetings and 

delegating important information
Executive Board Member • Muslim Student Association • Fall 
2018-Present

• In charge of forming a community between members 
with monthly group events and biweekly discussion top-
ics



Aquatics Coach • Midtown Athletic Club • May 2019-March 
2020
Chicago, Illinois

• Coached children and adults of various ages in order 
to develop and refi ne their technique while continually 
enforcing water safety practices

• Communicated directly with clients for scheduling.
• Implemented sales techniques to gain and retain clients.

Lifeguard • Keating Sports Center • August 2017-March 2020
Chicago, Illinois

• Responsible for light facility maintenance work, active 
surveillance of all patrons, and regulating and enforcing 
all facility rules.

Assistant Manager • Cranbrook Swim Club • May 2017-April 
2019
Southfi eld, Michigan

• In charge of daily operations including employee man-
agement, facility maintenance, customer service, and 
crisis management as necessary.

Secretary • NECA-IIT • Spring 2020
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Christina
Hiotaky

Contact InformationContact Information
(248)-506-2092
chiotaky@hawk.iit.edu

EducationEducation
Illinois Institute of Technology
Armour College of Engineering

Major: Architectural 
Engineering

Expected Graduation: Fall 
2021

SkillsSkills
First Aid
CPR
AED
Lifeguarding 
Communica-
tion
Photoshop
Illustrator

Word
Excel
Rhino
SketchUp
AutoCAD
Revit
MATLAB
InDesign

 Work Experience Work Experience

 Leadership Leadership 

• Responsible for keeping accurate notes during all chap-
ter meetings.

Floor Representative • IIT RHA • Fall 2017-Spring 2018
• Responsible for issues in the residence halls for respec-

tive fl oor in biweekly meetings.
College of Architecture Senator • IIT SGA • Fall 2017

• Responsible for voting on new student organizations and 
worked on the Communications Committee to provide 
awareness of SGA to the student body.

Member • IIT Varsity Swimming • Fall 2017-Current
• Devote 20+ hours/week towards training
• Attend various team functions/meetings
• Travel for competitions



Treasurer • NECA-IIT • Spring 2020
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Raymond
Schroeders

Contact InformationContact Information
(941)-894-8285
rschroeders@hawk.iit.edu

EducationEducation
Illinois Institute of Technology
Armour College of Engineering

Major: Aerospace Engineering

Expected Graduation: Spring 
2021

SkillsSkills

Autodesk 
Inventor
Word
Excel
OSHA 30-Hr 
Construction
NFPA 70E

Fusion 360
MATLAB
Python
XFLR5

 Work Experience Work Experience

 Leadership Leadership 

• Responsible for organizing and tracking all chapter 
fi nances

Captain • IIT Varsity Swimming • Fall 2019-Current
• Organize, schedule, and manage off season practices, 

meetings, and events held on and off  campus.
• Relay messages and send reminders to keep events 

running smoothly.
• Provide recruiting assistance through campus tours, 

phone calls, and scheduling to potential and new swim-
mers.

Engineering Intern • Blue Sky Homes • May 2019-Present
Tampa, Florida

• Headed the creation of the company website in order for 
contractors to submit bids and customers to see progres-
sion of their home and make selections

• Responsible for troubleshooting and adding multiple fea-
tures to the current company software in order to make  
company processes smoother and faster

• Headed the creation of multiple company software fea-
tures including one that used the company’s scheduling 
data to show when capital would need to be withdrawn 
as well as deposited

Engineering Intern • Blue Sky Construction Management • 
June 2018-August 2018
Tampa, Florida

• Worked on electronics, wiring, and systems within a 77 
mega-watt solar array

• Responsible for communications between weather sta-
tions and trackers on site

• Responsible for set up of the communication network on 
site between all inverters and the power station



1. Electrical Systems Assessment

The NECA-IIT Student Chapter organized an energy analysis on the Near South Health Center 
to develop energy saving measures and incorporate distributed energy resources to obtain a Net 
Zero Energy facility. The 8,855 ft2 center used 215,320 kWh of electricity and required 11,098 
therms of natural gas per year. Converted to energy use intensity (EUI), the center required 
225.47 kBtu/ft2.

Lighting Controls

The lighting in the center is controlled manually through switches. 
Energy improvements are possible by decreasing the amount of 
time that the bulbs are on, such as by installing occupancy 
sensors as shown in Figure 5. Without the use of lighting controls, 
workers may leave rooms with the lights on which increases the 
amount of electricity consumed. Occupancy sensors at their 
greatest potential have the capacity to reduce electrical 
consumption by 60%.

Figure 4: Patient Room

Technical Analysis 1: 
Energy Effi  ciency Analysis
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Figure 5: New Controls

Lighting Fixtures
The current lighting fi xtures (See Figure 4) are mainly 
fl uorescent, rather than the more effi  cient Light Emitting 
Diode (LED) bulbs. The fi xtures are primarily recessed 
ceiling and wall mounted. The patient/exam rooms and the 
offi  ce spaces utilize ceiling mounted 2 ballast F32 T8 3 or 
4-bulb-fi xtures, and the washrooms use wall mounted single 
ballast F25 T8 2-bulb-fi xtures. The hallways use recessed 
ceiling FB32 2-bulb-fi xtures which house U shaped 
fl uorescent lamps. Overall, the center contains 
approximately 11,713 bulbs, leading to a lot of energy 
savings potential in a lighting retrofi t.



2. EPA Portfolio Manager Tool
The EPA (See Figure 7) Portfolio Manager Tool was utilized 
to measure and track energy consumption. This software 
compares and ranks a building’s energy performance 
based on building size, function, and geographical location. 
Buildings receive a score between 1-100, with a higher 
score indicating high effi  ciency, and is compared to other 
buildings nationwide. According to historical energy data 
provided, the health center received a rating of 3. This 
indicates that the center has poor performance compared 
to other similar properties. The Near South Health Center 
will need to implement lots of energy effi  cient improvements 
to raise their EPA score.

Technical Analysis 1:
Energy Effi  ciency Analysis

11

HVAC Motor Controls
Currently, the center’s HVAC system is centered around 
6 Air Handling Units (AHU). An audit revealed the entire 
system needs to be replaced. The recommendation is 
to install high effi  ciency units with Variable Air Volume 
boxes (VAV) and a Smart Thermostat (See Figure 6). By 
upgrading the motor controls, the system will be able to 
quickly adapt to the changing environment, display the 
temperature in each room, notify the user when 
something is wrong with the system, runs less often 
when away, and keeps all occupants comfortable, all 
while staying energy effi  cient (See Appendix, page 1-1). 
All of these features, when used at their fullest potential 
can reduce energy costs by up to 30%. Figure 6: Smart Thermostat

Figure 7: EPA Logo

3. DOE Building Asset Score Analysis
The Department of Energy’s (DOE) Asset Score Analysis Tool evaluated the energy consumption 
of the Near South Health Center. The DOE Asset Score allowed the NECA-IIT Student Chapter to 
construct and simulate a model (See Figure 8) of the current building and its mechanical systems. 
The score is a range from 0 – 10, with a higher number indicating higher effi  ciency and this tool 
makes recommendations for the building envelope, and mechanical and lighting systems. 



The current building design received a score of 4.0. This is a low score for a building aiming to 
become a Net Zero Energy facility. 

Technical Analysis 1:
Energy Effi  ciency Analysis
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The DOE tool determined that the 
building has the potential to score 
a 9.0 with a total estimated savings 
of 52%. The score improvement 
comes from upgrading all lighting 
fi xtures to LEDs, adding 
occupancy sensors, installing 
continuous insulation in the roof 
and walls, proper sealing of 
windows and doors, and a full 
renovation of the mechanical 
system of the building. Figure 8: Building Model

4. Building Recommendations

Long-Term Improvements

Long-term improvements for the center include replacements to the air handling system and 
motor controls, a new water heater, as well as a replacement in their current windows. The new 
air handling units would provide accurate, digital temperature control, energy and GHG 
emissions reductions, and an overall system renewal to modernize the center’s HVAC equipment 
and serve the building for the next 20 years and beyond. The new water heater will signicantly 
reduce the natural gas consumption and better suit the needs of the center.The new windows 
would be a simple but highly effi  cient replacement to their current system.

Air Handling Unit Replacement
When choosing the new equipment several things were considered. First, Carrier was selected as 
the brand to ensure the existing cavity will align properly. Second, the combination of new units 
would be able to handle the appropriate amount of heating and cooling necessary. Third, since 
the existing equipment was last implemented in 2004, the electrical branch loads for the units are 
considered to be up to code standards. Finally, the highest Energy Effi  ciency Ratio (EER) deter-
mined the replacement. Table 1 shows the savings at maximum output for each unit (See Appen-
dix, page 1-2).
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AHU # Existing EER New EER Improvement 
1-4 11 20.5 46.3%
5 11.3 16 29.3%
6 11.2 16 30%
Average 42.7%

Table 1: Energy Effi  ciency Ratio Improvements in HVAC System

Figure 9: Tankless Water Heater Diagram

Water Heater
The center currently utilizes one 
Rheem Universal Heavy-Duty 75 
Gal. 125K BTU Commercial Natural 
Gas Tank Water Heater 
(See Appendix, page 1-3). The tank  
operates on 80% effi  ciency and the 
boiler requires 8 hours of usage per 
day. On average, this heater con-
sumes 431,999,984 BTU of energy 
and 4,320 Therms per year which 
costs about $4,708.80 per year. 

Replacing the current water heater 
with a tankless water heater (See 
Figure 9) decreases yearly operating 
cost, is more effi  cient and requires 
less time for hot water to reach its 
destination. The Rheem Commercial 
9.5 GPM Natural Gas High Effi  ciency 
Indoor Tankless Water Heater (See 
Appendix, page 1-4) runs on 96% 
effi  ciency and does not require a 
specifi c time of usage per day. One 
tankless water heater uses approx.
182 therms/year and two of these units satisfy the usage requirements of the center which leads 
to a savings of 3,956 Therms per year which is a 92% improvement. The upfront cost of the tank-
less water heaters is $3,056.00 and the installation cost is around $1,000.00-$2,000.00 depend-
ing upon the contractor. The reduction in natural gas consumption saves about $4,312.04 per 
year. Even with two of these tankless water heaters installed, it would be far more effi  cient than 
the tank heater they currently use, and would greatly increase their overall energy effi  ciency.



Short-Term Improvements

Refrigerators
Two of the refrigerators in the facility are not 
EnergyStar rated and therefore require more 
energy than necessary for functionality. The 
facility runs the refrigerators 24/7 for the staff  
room and offi  ce room. Each refrigerator currently 
uses approximately 1,539 kWh of energy per year 
for a total of 3,078 kWh per year; combined, the 
two refrigerators cost $221.60 per year. To convert 
to a GE applicance, the Energy Guide estimated 
kWh per year for both appliances is 800 kWh, and 
the estimated price is $57.60. This leads to a 
savings of $164.02, and an energy 
savings of 2,278 kWh per year.

Window Replacement
The windows in the lobby are all single-pane windows that are not energy effi  cient and are poorly 
insulated. The recommendation for the center is to switch over to double pane windows as shown 
in Figure 10. The replacement of the single pane windows to the ENERGY STAR double pane 
windows will result in a 22% average cost savings for each window. There are 24 windows in the 
center, with an estimated $323.00 saved per window per year, the center would save $7,752.00.

Figure 10: Double Pane Window 
Diagram

Technical Analysis 1:
Energy Effi  ciency Analysis
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Printers
The center utilizes 10 large all-in-one offi  ce printers. Half of them are older models that consume 
substantial amount of power in general and 95W of power consumption in standby mode (See 
Appendix page 1-5). The other half are EPEAT Gold-Certifi ed with only 1W of power consumption 
in standby mode (See Appendix, page 1-6). Recommendation for the center is to implement a 
printer consolidation strategy called “Workgroup printers”.

Most organizations can achieve a ratio of one device (typically a networked multifunction device) 
per ten or more users. Based on the number of employees at the center, this would remove the 
fi ve older models. Benefi ts include lower costs for hardware, consumables (paper, ink, and toner), 
electricity, and maintenance. Representative savings run between 30 and 40 percent per year 
and can range as high as 60 percent of total printing costs, according to various vendors. Each 
old equipment uses approximately 1,720 kWh of energy per year with the cost of $192.70, which 
leads to a possible savings of $963.50. 



5. Net Zero Recommendations
Near South Health Center has the potential to drastically decrease energy consumption in the 
building. With the improvements, the center can reduce its energy consumption by 75% 
including the photovoltaic (PV) system. As shown in Figure 11, the existing EUI of the center is 
225.47 kBtu/ft2, and with the improvements made, the new EUI is 54.6 kBtu/ft2.

Technical Analysis 1:
Energy Effi  ciency Analysis
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Figure 12 shows that about 391,228.1 kBTU/
year is needed to achieve net zero status, and 
is possible with some other techniques. This 
includes: researching ways to implement new 
renewable energy sources, adding roof 
insulation, and refl ective windows. Currently, 
the natural gas consumption is responsible for 
1,109,800 kBTU/year. After the 
recommendations to the heating system, 
natural gas consumption went down by 44%. 
This reduction in natural gas leads to an 
estimated $5,389.56 saved per year in heating 
and cooling costs.

Figure 11: Old EUI vs. New EUI

Figure 12: Total Energy Used

If the center incorporates renewable energy 
sources, such as geothermal technology, the 
center would then be able to achieve net zero. 
In order to achieve this, the center will require 
a complete overhaul to their current 
heating system, including replacing the 
existing ductwork, and new wall and door 
insulation. A complete overhaul to the heating 
system requires the center to close for at least 
2 to 4 months and costs anywhere from 30 to 
50 thousand dollars to install.



1. Lighting System Recommendation
A lighting audit of the Near South Health Center was conducted and revealed the current lighting
situation. There are eighty seven 2’ by 4’ drop ceiling lights with varying bulbs per fi xture located
on the fi rst and only fl oor of the facility. There are an additional twenty 2’ by 2’ that house a U
style bulb. These types of light fi xtures utilize T8 fl uorescent bulbs which provide approximately
2,300 lumens and each consume roughly 25 to 32 watts per bulb. There are currently no dimmer
switches or daylight sensors. Some of the areas of the building do not receive necessary 
luminosity levels or achieve ideal color temperature for this workplace environment. It has also 
been noted that the heat distribution in this facility is ineffi  cient and would greatly benefi t from a 
more energy effi  cient lighting solution.
As seen in Figure 13, there are 
a total of 54 rooms. The spaces 
consist of fi fteen offi  ce like 
spaces, eighteen exam rooms, 
one mechanical room, four 
storage rooms, fi ve bathrooms, 
and ten miscellaneous use 
rooms such as lobby and 
reception areas. Drop ceiling 
lights are the only type of lights 
used and are thus able to be 
retrofi tted with LEDs. Although 
there are windows in the 
building, they are only present 
on the south wall of the 
reception area. The windows 
span the top 2’ of the south wall 
but are under the roof’s 
overhang thus limiting the direct 
sunlight entering the reception 
area.

The NECA-IIT Chapter has
detailed several changes to the
current lighting system that will
not only be code-compliant but
also cost and energy effi  cient.

Technical Analysis 2:
Lighting Retrofi t
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Figure 13: Floor Plan of Near South Health Clinic



Negative Attributes of the Existing System

As seen in Figures 14 and 15, some of the ceiling lights are spaced too close to one another, 
leading to an ineffi  cient use of the available lighting; however, the placement is necessary in many 
areas due to lux requirements for specifi c medical rooms. It was also observed that the lights 
remained on even outside of the regular business hours despite not off ering overnight services. 

Figure 14: Exam Room Figure 15: Conference Room

two-to-four times longer than most fl uorescent, 
metal halide, and sodium vapor lights. This is over 
40 times as long as the lifespan of an average 
incandescent bulb. It is believed that the LED bulb 
lighting retrofi t project will result in a 30% reduction 
in its energy consumptions for lighting purposes. 
LEDs are dimmable, which is a feature that not 
only decreases the cost more, but it is also 
essential in order to imitate natural daylight cycles, 
which is the most benefi cial pattern of lighting to 
the center’s patients, since it helps modulate their 
circadian rhythm. They do not produce UV rays, 
they work well in a wide range of operating 
temperatures with very small levels of degradation.

Technical Analysis 2:
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Positive Impact of the 
New System

The replacement of the 
original system with LEDs 
can have a positive impact 
on energy consumption and 
cost. LEDs light up in 
nanoseconds, which means 
that the bulbs remain 
operational for exceedingly 
small times, increasing their 
lifespan tremendously. It is 
estimated they can last

Finally, they are a lot more environmentally friendly than the other lighting systems because of the 
lower energy consumption and they do not contain toxic elements, such as mercury. Figures 16 
and 17 demonstrate the impact of the proposed lighting system change.

Figure 16: Proposed Lobby Lighting



2. Product Selection

Customer’s Needs
The recommendation is to replace the existing 
fl uorescent light bulbs with LED equivalents while 
keeping with the current lighting troff ers. The light-
ing troff ers that are placed too close to one anoth-
er will either be moved further apart or removed if 
unnecessary. These changes will lower operating 
costs while fi xing the lighting distribution.  

The installation of occupancy sensors in all rooms 
is also recommended since currently there are 
none in place. This will also help in reducing the 
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or clinical exam rooms, it is recommended that those areas meet or exceed lux readings of 1,000 
lumens/m2. The squares represent the 2’x2’ troff ers with 2 U shaped lamps. These are only found 
in the hallways or small storage areas where it is recommended lux readings only exceed 100 
lumens/m2. Finally, the long rectangular boxes represent the 1’x4’ troff ers with 2 lamps per troff er. 
These only appear in the maintenance room and janitor’s room where lighting is recommended to 
exceed 200 lumens/m2.  The current placement of the troff ers is conducive to the recommended 
lumens/m2 in each room.

Figure 17: Proposed Hallway Lighting

energy consumption for lighting to achieve the net zero rating for the whole building. Figure 18 
displays the proposed occupancy sensors.

3. Refl ected Ceiling 
Drawings

Figure 19  and Table 2 highlight 
the troff er placements in the 
Near South Health Center.The 
larger rectangles in the drawing 
represent the 2’x4’ lay-in troff ers 
with 4 lamps per troff er. Due 
to the functionality of certain 
rooms, such as the triage room

Figure 18: Occupancy Sensor Diagram



Count Manufacturer Catalog 
Number

Fixture 
Description

Lamp 
Type

Input 
Watts

Luminosity Initial Color 
Temperature

20 PL & T LEDT-
10069CS

2’x2’ Troff er 
(2 U-lamp)

U-TLED 18 W 2200 lm 4000 K

87 TCP 88LT8000021 2’x4’ Troff er 
(4 Lamp)

TLED 22 W 2800 lm 4100 K

Table 2: Lighting Fixture Schedule List
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Figure 19: Refl ected Ceiling Drawing



4. Photometric Analysis Drawing

See Figure 20 for the photometric Analysis Drawing of the Near South Health Center.

IES Illuminance Recommendations

The Illuminating Engineering society publishes a handbook listing specifi c standards that guide 
lighting professionals. These standards propose certain levels of light intensity, measured in 
footcandles (fc), a unit measuring illuminance on a one square foot surface from a uniform source 
of light. Table 3 is the recommended illuminance values, as well as the illuminance values for 
the existing and the proposed lighting systems, which show how the proposal is aligned with the 
recommendations of the Illuminating Engineering Society:
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Figure 20: Photometric Analysis Drawing



Room Type (IES) Suggested 
Illuminance, fc

(Current) Actual 
Illuminance, fc

(New) Actual 
Illuminance, fc

Warehouses 150 150 150
Patient Room 1000 800-1000* 800-1000*
Normal Offi  ce 500 800 600-900*
Lab 750-1200 900 800
Corridors 100 50-700* 100-500*
Locker Room 100-300 500 400*
Restrom 100-300 300-500* 300-400*
Waiting Rooms 200-300 400-700* 550-1000*
Conference Room 300-500 300-450* 300-650*

Table 3: Suggested vs. Actual Illuminance
*= range of values, varying with specifi c rooms or segments of larger space

Negative Impact of Poor Lighting Levels

If lighting is implemented in the specifi c pattern that imitates day cycles, which has been proven 
to be the most benefi cial to patients by modulating the body’s circadian rhythm, most benefi ts 
come from using brighter settings. However, there are a few potential negative outcomes that 
might occur as a result of overexposure to light in health-care settings.  Another issue that 
correlates to excessive brightness is potential retinal damage in preterm infants, since they have 
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Figure 21:  Eff ects of Color Temperature on Mood

thinner eyelids and have 
not yet developed the 
ability to constrict their 
pupils in response to 
light exposure. As seen 
in Figure 21, color tem-
perature can have very 
specifi c eff ects on the  
work environment when 
the lighting levels are 
inadequate, resulting in 
the rise of  staff -related 
errors, like medication 
dispensing error rates in 
pharmacies, which can 
be life-threatening to 
patients.
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5. Return on Investment Report
The retrofi t expects a return on investment in 10 years. The initial cost of installation is 
estimated at $26,000 without additional funding factors.The comprehensive lighting project will 
result in a 20% reduction in energy usage. Cost over time in years for the lighting installation is 
shown in Figure 22. 

Figure 22: Installation and Retrofi t Cost over time

According to the Energy 
Information 
Administration, lighting 
in commercial buildings 
makes up between 17% 
and 38% of the total 
energy cost. The health 
center currently uses 668 
4ft F32T8 lamps and 40 2ft 
FB32T8 U-lamps. These 
are connected electrically 
to a combined fl uorescent 
ballast count of 124 per 
based on the audit. The 
fi rst segment of Table 4 
displays monthly costs of 
each product including replacement per ballast.

Some speed of electricians are assumed per new installations: about 3 ballasts removed and 
re-wired fi xtures per hour, 10 minutes to rewire existing lighting controls to utilize occupancy 
sensors, 10 minutes to replace and test bulbs per fi xture. The wage package for electricians work-
ing this job is $85.79 according to calculations from the fi nance section of the report. The second 
segment of Table 4 contains more detail on the calculations for how many labor hours and the 
installation total cost. Lamp and sensor pricings come from current bulk pricing related to the 
selected products (See Appendix, page 1-7). The total cost of the initial installation with parts and 
labor is shown below as $26,722.60.

The monthly cost of the retrofi t installation shows the eff ect of lowering the wattage of lights 
throughout an entire facility. The electrical cost lowers by over $200/mo when factoring the 
occupancy sensors and LED lamps together. With parts and labor, the monthly rate drops by 29% 
between the old and new lighting system.
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(a) Current Cost per month
Lighting Units Lifetime 

(hrs)
Watts Cost/

each
Count $/mo. 

Units
Man hrs/
each

Wage 
Rate

Labor 
cost/
month

Total/month

F32T8 tube 24,000 32 $1.77 668 $15.34 0 $0.00 0 $15.34
F32T8-U 20,000 32 $4.93 40 $3.08 0 $0.00 0 $3.08
T8 4-Line 
Ballast

75,000 -- $14.27 87 $5.16 0.17 $85.79 $5.17 $10.34

T8 2-Line 
Ballast

75,000 -- $7.87 37 $1.21 0.17 $85.79 $2.20 $3.41

Electrical Cost kW 
(total)

kWh/
month

$/kWh Electric 
$/month

Total Month of Current Installation $541.11

Lamp Con-
sumption

22.656 7,068.7 0.072 $508.94 Total/Year of Current Installation $6,493.37

(b) Retrofi t Installation Costs
Item Type Qty. Units Hours/

unit
Labor 
Hours

Wage 
Rate

Labor Cost Unit 
Cost

 Mat. Cost Total Cost

Labor--Bal-
last Bypass + 
Lamp

124 EA 0.33 40.92 $85.79 $3,510.50 -- -- $3,510.53

Occupancy 
Sensors

54 EA 0.17 9.18 $85.79 $787.55 $70.00 $3,780.00 $4,567.55

LED Tube 
Lamps

668 EA 0.17 113.56 $85.79 $9,742.31 $5.00 $3,340.00 $13,082.31

U-LED Lamps 40 EA 0.17 6.8 $85.79 583.37 4.00 $160.00 $743.37
Subtotal $21,903.77

Overhead (10%) $2,190.38
Contractor Profi t (12%) $2,628.45

Retrofi t Upfront Cost $26,722.60
(c) Retrofi t Monthly Costs
Lighting Units Lifetime 

(hrs)
Watts Cost/

each
Count $/mo

Units
Man hrs/
each

Wage 
Rate

Labor 
Cost/
month

Total/month

LED T8 Tube 50,000 22 $8.57 668 $35.73 0 $0.00 0 $35.73
LED T8-U 50,000 18 $13.00 40 $3.24 0 $0.00 0 $3.24

Electrical Cost kW kWh/mo $/kWh Electric Cost/mo Sensor No Sensors

Lamp 
Consumption

15.416 4,809.8 0.072 $346.31 Total/month of New 
Installation

$316.02 $385.28

Sensor 
Adjusted 
Power

15.416 3,847.8 0.072 277.04 Total/year of New 
installation

$3,792.22 $4,623.35

Table 4: Lighting Retrofi t Cost Analysis
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1. Photovoltaic Solar Energy System Evaluation
The Near South Health Center currently doesn’t have a PV system, therefore, the set up is de-
signed from the ground up. The fi rst step is to evaluate the possible locations to place the system. 
Then, evaluate the advantages and disadvantages of Grid-Direct, Grid interactive or Off -Grid for 
energy storage and decide on a system that fi ts the needs of the center. A scaled plan view of the 
system and shading analysis will be provided as a detail to determine the maximum amount of 
sunlight capturable. Then a 3-line diagram of the PV system, including PV panel array, inverters, 
batteries among others will be included to demonstrate the connections between the center and 
other sources. Finally, a summary of all proposed changes will be provided that will list all the 
costs and benefi ts for the center to install a PV system.

Nevertheless, the sun is not in a fi xed location and thus there are diff erent optimal angles 
depending on the season; for summer it would be 18 degrees and for winter 66 degrees. Thus, 
the maximum effi  ciency throughout the year can be achieved by having a tracker, single or dual 
axis. However, it is not recommended to have any mechanical parts located outdoors at such 
heights in an area like Chicago. Due to the high uplift wind loads, wind defl ectors, here would be 
a high maintenance cost and a higher risk for malfunctions. Therefore, the NECA-IIT Student 
Chapter suggests using a fi xed setup with a 20 degree angle for best cost-effi  ciency.

Location Evaluation
The solar panels can only be 
placed is on top of the 6900 ft2 
rooftop (See Figure 23). The cen-
ter is a compact building on a very 
small piece of land. The optimal tilt 
angle for the PV panels in Chica-
go is 40o with respect to the Sun’s 
Azimuth. The optimal tilt angle is 
found when the sun rays hit the 
PV panels directly, and is based 
on 2 factors: where the panels are 
located and the time of year.

The formula to calculate the 
angle for the building’s latitude is:Figure 23: PV Array Location
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2. Photovoltaic Grid System

Grid-Direct:

A grid direct (or grid tied) solar system is connected to the utility power grid and doesn’t make use 
of a battery. The panels generate direct current (DC) electricity which is sent through an inverter 
to convert the power to grid-compatible alternating current (AC) electricity. The advantages of grid 
direct systems are they provide the most stable and effi  cient usage of the solar panels, and it is 
the most economical one through the use of net metering. These installations and the equipment 
are lower in cost, since they don’t require extra batteries or stand-alone equipment. A grid-tied 
system also stores excess electricity onto the utility grid that can be sold to companies commit-
ted to buying energy from individuals with solar panels. With the power grid serving as a battery, 
there is no need for maintenance or replacements, no energy is wasted, and the system is more 
effi  cient compared to battery storage and uses the grid as backup power in case the PV system 
stops generating power. However, using grid-tied solar panels leaves the users still at the mercy 
of the electric companies, which are adding more fees in many areas and reducing the buying 
prices, making the solar users responsible for all the extra strain placed on the grid. In case of a 
blackout of the local electric substation, a grid-tied system is rendered useless and the user has 
no electric power, since the panels are automatically shut off  to protect the electrical workers.

Figure 24: Grid-Interactive System Diagram

Grid-Interactive:

A hybrid solar system 
combines aspects of off -grid 
and on-grid systems (See Fig-
ure 24). This system connects 
solar panels to a battery and 
the grid at the same time. The 
advantages of this system are 
that it is cheaper than off -grid 
systems. There is no need for a backup generator with this system. The battery capacity can be 
downsized, and the electricity from the utility company is cheaper than diesel. With this system, 
the solar battery is used as a backup in case the grid goes down, and the owner can sell power to 
the electric company. This system allows the user to have maintenance support from the electric 
company and saves them the cost of a backup generator. The system has also a lot of potential, 
since the new inverters take advantage of changes in the utility electricity rates throughout the 
day, meaning solar energy can be programmed to be used during peak hours, and the grid power 
during off -peak hours. The excess electricity stored in the batteries can be put on the utility grid



when the user gets paid the most per kWh. Finally, since the battery is being used as a backup 
instead of a full-time dependence, it discharges less frequently, which adds to the battery’s life. 
This means that, since the battery’s life is extended, it needs to be replaced less often. The disad-
vantage of this system is that it is still more expensive than a grid-tied system (but cheaper than 
an off -grid, since there is no need for a backup generator). Also, the battery bank doesn’t charge 
during a power outage, since the grid-tied solar panels are designed to stop producing electricity 
during an outage. This is to protect the electrical workers working on the live power lines, there-
fore, the same battery capacity necessary with this system.
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Figure 25: Off -Grid vs. On-Grid System

Off -Grid:

An Off -Grid system (See Figure 
25) is not connected to the utility 
power grid. This system uses 
the DC power that the PV pan-
els generate and feeds it into a 
charge controller, then a battery 
bank for storage. A power invert-
er is still necessary to convert 
the battery power from DC to 
the 120V AC power that outlets 
use, and an optional backup 
generator. The advantages of an 
off -grid system are that by using 
these panels, the user can 
become energy self-suffi  cient and avoid power failures on the grid.This system can also be 
cheaper than extending power lines in certain remote areas (more than 100 yards from the grid), 
and it off ers almost the same reliability as the grid-tied system. The disadvantages of this system 
are that it needs to have enough battery capacity to store excess energy, and it often requires a 
backup gas generator in cases of emergency, which adds an extra cost to the system. Further-
more, the batteries can be quite expensive, diffi  cult to use, and may decrease the effi  ciency of the 
system. The batteries need to be replaced every 10 years, and can store only a certain amount 
of energy. This can be risky during cloudy times, and may call for a backup generator. Finally, in 
many areas, during the summer, an Off -Grid solar system generates a surplus of energy, and a 
lot of the solar electricity produced during this time goes to waste, contrary to a grid-tied system, 
which distributes it to the electric company’s substation.                                           
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The recommendation for Near South Health Center is the grid-tied solar system. For this building, 
it is more economical (to install and sustain), it is stable, and it is easier to install. This system also 
has the highest ROI (Return On Investment). This is because the panels do not produce enough 
energy for the needs of the center, therefore the facility won’t have a surplus of energy for a bat-
tery bank, which renders the expense of one redundant.

3. Scaled Plan View
Based on the information given, NECA-IIT decided the best location for the PV panels are repre-
sented in the scaled plan view. Reference back to Figure 26, if needed.

Shading Analysis

Currently, the center is one of the shorter buildings in the area. Thus, the surrouding objects and 
buildings aff ect shading. 

To reveal how the PV panels are aff ected by shadows, Figures 27-38 demonstrate the shading 
eff ects during each season at various times of the day.

Figure 26: Roof Plan
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Figure 27: Fall 09:00 AM Figure 28: Fall 12:00 PM Figure 29: Fall 04:00 PM

Figure 30: Winter 09:00 AM Figure 31: Winter 12:00 PM Figure 32: Winter 12:00 PM

Figure 33: Spring 09:00 AM

Figure 36: Summer 09:00 AM 

Figure 34: Spring 12:00 PM Figure 35: Spring 04:00 PM

Figure 37: Summer 12:00 PM Figure 38: Summer 04:00 PM 



4. 3-Line Diagram
See Figure 39 for the 3-Line Diagram of the proposed PV system

Figure 39: Proposed Schematic 3-Line Diagram

5. Equipment Selection

PV Panels
Solar panels are the main components 
that produce the electricity through PV 
cells. Light from the sun is converted 
into energy making it most effi  cient to 
use these solar panels during the day 
when the sky is clear. The solar panels 
need to be elevated and adjusted per-
pendicular to the sunlight to absorb the 
maximum amount while avoiding shad-
ows. The panels we selected for this 
project are the HiKu_CS3W-MS 435W.

Figure 40: Solar panel
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These panels were selected because they provide 26% more energy than most conventional 
panels. They are also cheaper in upfront cost and in the lifetime of the system, with a 4.5% lower 
LCOE and up to 2.7% lower system cost (See Figure 40).



Solar Inverter
Solar panels generate DC electricity which needs to be converted to AC electricity for use in 
buildings. In a string inverter system, solar panels are linked together in series and the DC 
electricity is brought to a single inverter which converts it to AC power. In a micro inverter system, 
each panel has its own microinverter attached to the backside of the panel. The panel produces 
DC, but is converted to AC on the roof and is fed straight to the electrical switchboard. There are 
more advanced string inverter systems which use small power optimizers attached to the back of 
each solar panel. Power optimizers are able to monitor and control each panel individually and 
ensure every panel is operating at maximum effi  ciency under all conditions. 

Summary of Electrical Components
The following is a list of proposed components from the panels to the existing building system:
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6. Summary Report

Upfront Cost
The complete installation of the solar energy 
system costs about $212,885.00. This 
estimate includes the equipment required for 
the solar energy system as well as the labor 
required to install them. Structural testing of 
the roof must be included for the mounting 
components used for the solar panels. Due to 
the age of the building, the structural 
integrity of the building must be taken into 
account when installing the mounts and racks 
for the solar panels. The weight and 
embedding plays a signifi cant factor when 
designing the system. See Figure 41 for 
energy produced per month by the system. Figure 41: Solar Energy Produced per month

• Canadian Solar HiKu_CS3W-MS 435W solar panels
• Canadian Solar CSI-60KTL-GS/GI Inverter
• Aluminium (AL6005-T5) 20 degree Tilt Mounting
•  2  Pfg 1169 PV1- F 1x4mm2, Black/ Red, TUV certifi cation cabling

More information about the solar panels and solar inverter selected are available for reference 
(See Appendix, page 1-8).



Figure 42: Solar Loss Percentage
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Life Cycle & 
Maintenance
Little maintenance is usually 
required for solar panels. Aside 
from washing off  dirt and dust two 
to four times a year with water, to 
help achieve maximum light 

Grant/Tax Incentives
Solar Renewable Energy Certifi cates 
(SRECs) are solar incentives that allow 
homeowners to sell certifi cates for energy 
to their utility (See Figure 43). A homeowner 
earns one SREC for every 1,000 kilowatt 
hours (kWhs) produced by a solar panel 
system. A SREC is worth $103.55 per 1,000 
kWhs in Illinois. In addition to the Illinois 
solar incentive, the center could also benefi t 
from a federal solar tax credit. Section 25D Figure 43: SRECs

of the Internal Revenue Code provides for a tax credit equal to 26% of the cost of the system 
installed through 2020. Moreover, the Smart Inverter Rebate has a value set at $250.00 per kW 
of the project’s direct current capacity. The program is available only to projects in MidAmerican, 
Ameren, and ComEd utility territories, according to the law. FEJA mandates that only utilities that 
serve more than 200,000 customers in Illinois are required to off er the rebate. 

Energy Generated

Table 5 displays the comparison of kWh used by the center during the diff erent seasons to the 
production of kilowatt hours that the solar energy system will produce. Table 6 provides the 
approximate kWh produced throughout the year. The solar energy system produces more energy 
during the warmer months peaking in July at 20,730 kWh. During the colder months of the year 
(October-February), the system is producing 7,730 kWh. The kWh produced per year shown in

absorption. The specifi c panels suggested for the center last for about 25 years, and have a 12-
year warranty on materials and workmanship. This guarantees that the solar panel output won’t 
fall below a certain level (about 80.2%) during this time. The output decline over one year is 2.0% 
and from years 2-25, it is 0.7%. Figure 42 shows the percentage these losses aff ect the system.



kWh Used in 
Colder months

kWh Used 
in warmer 
months

kWh Used 
per year

kWh Produced 
in Colder 
months

kWh Produced 
in Warmer 
Months

kWh Produced 
per year

125,600 65,400 191,000 97,730 78,057 175,787
Table 5: kWh Produced vs. Used

Month kWh Produced
January 8,985
February 10,828
March 15,053
April 17,669
May 18,848
June 19,913
July 20,730
August 18,566
September 15,862
October 12,458
November 12,160
December 7,730

Table 6: kWh per Month
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Positive Cash Flow
The proposed solar energy system will result in positive cash 
fl ow over the course of 70 months. This is based solely on the 
savings the solar panels generate over the course of the year 
and the SREC certifi cates that are awarded per megawatt hour 

CO2 Pollution Reduction
The EPA estimated that the energy generated by the panels is equivalent to 174,030 pounds of 
CO2. With an estimated a minimum life cycle of 25 years, the PV system will off set over 3,481 
kilopounds in its lifetime. This is the same as 3,153,773 miles driven by a passenger vehicle. 

Cost of 
Project

kWh Produced 
per year

Savings per month on 
energy production

SREC 
Certifi cation

Total Amount of 
Savings per year

Payback Period 
(Months)

$212,885.00 175,787 $18,353.00 $18,202.7 $36,555.74 70 
Table 7: Payback Period

Table 6 and Figure 41, this includes the potential losses of the solar energy system. Shading and 
soiling are two common occurrences that aff ect the production of the solar panels. Increased 
maintenance can help reduce these eff ects to achieve maximum effi  ciency. Before taking into 
account the losses shown in Figure 42. The production output of the system is calculated at 
152.25 kWh, which is 75.29% effi  ciency.

produced. The 2020 solar investment tax credit accumulates to 
$18,202.74. However this value only applies to the taxes which 
the center must pay annually. This remaining credit cannot be 
refunded, but can be rolled-over into the following year. Table 7 
details these credits.
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Technical Analysis 1: Energy Effi  ciency Analysis

Item Qty. Units Man 
Hours/
Unit

Labor 
Hours

Wage Rate Labor Cost Unit Cost Total Material 
Cost

Labor + 
Materials

Refrigerator-GE 2 EA 1 2 $20.12 $40.24 $96.00 $192.00 $232.24

JELD-WEN V-4500 White Vinyl Sliding Window 24 EA 1 24 $40.00 $960.00 $280.00 $6,720.00 $7,680.00

Carrier WeatherExpert AC, 6 ton 4 EA 6 24 $40.00 $960.00 $3,706.00 $12,304.00 $13,264.00

Carrier WeatherExpert AC, 4 ton 1 EA 5 5 $40.00 $200.00 $2,498.00 $2,498.00 $2,698.00

Carrier Weather Expert AC, 3 ton 1 EA 4 4 $40.00 $160.00 $2,235.00 $2,235.00 $2,395.00

Rheem Commercial Natural Gas High Effi  ciency 
Tankless Water  Heater

2 EA 3 6 $40.00 $240.00 $1,528.00 $3,056.00 $3,296.00

Subtotal $29,565.24

Overhead (10%) $2,956.52

Contractor Profi t (12%) $3,547.83

Total $36,069.59

Technical Analysis 2: Lighting Retrofi t

Item Qty. Units Man 
Hours/
Unit

Labor 
Hours

Wage Rate Labor Cost Unit Cost Total Material 
Cost

Labor + 
Materials

Labor--Ballast Bypass + Lamp 124 EA 0.33 40.92 $85.79 $3,510.53 -- -- $3,510.53

Occupancy Sensors 54 EA 0.17 9.18 $85.79 $787.55 $70.00 $3,780.00 $4,567.55

LED Tube Lamps 668 EA 0.17 113.56 $85.79 $9,742.31 $0.00 $0.00 $9,742.31

U-LED Lamps 40 EA 0.17 6.8 $85.79 $583.37 $0.00 $0.00 $583.37

Subtotal $18,403.77

Overhead (10%) $1,840.38

Contractor Profi t (12%) $2,208.45

Total $22,452.60

Technical Analysis 3: Solar Energy System

Item Qty. Units Man 
Hours/
Unit

Labor 
Hours

Wage Rate Labor Hours Unit Cost Total Material 
Cost

Labor + 
Materials

Panels 350 EA 0.67 228 $25.00 $5,700.00 $339.00 $118,650.00 $124,350.00

Inverter 3 EA 76 228 $25 $5,700.00 $3,499.00 $10,497.00 $16,197.00

Mounting 1 EA 609 609 $25.00 $15,225.00 $33,495.00 $33,495.00 $48,720.00

Wiriing 1 EA 457.5 457.5 $25 $11,437.50 $12,180.00 $12,180.00 $23,617.50

Subtotal $212,884.50

Overhead (10%) $21,288.45

Contractor Profi t (12%) $25,546.14

Total $259,719.09

Table 8: Cost Estimate

1. Cost Estimate
The NECA-IIT Student Chapter has calculated estimated 
costs of parts and labor required for this project as shown in 
Table 8. For Technical Analysis 1, the estimated cost before 
overhead and contractor profi t comes to $29,565.24. Includ-
ing overhead and contractor profi t, the 
estimated cost is $36,069.59. For Technical Analysis 2, the 
estimated cost before overhead and contractor profi t comes 
to $18,403.77. Including overhead and contractor profi t, 
the estimated cost for the lighting retrofi t is $22,452.60. For 
Technical Analysis 3, the estimated cost before overhead 
and contractor profi t comes to $212,884.76. Including over-
head and contractor profi t, the estimated cost for the solar 
energy system is $259,719.09. This brings the total cost of 
the project to $318,241.28.

Summary of Schedule

Lighting will be installed between August 17th, 2020 
and August, 24th, 2020. A crew of four will work on 
lighting installation, dividing the clinic into manage-
able segments so as to work effi  ciently but also to 
maximize the usable space within the clinic. While 
lighting is being installed, the new refrigerators will be 
brought into the clinic. The windows will be installed 
on the weekend of August 22nd so that windows can 
be installed on a Saturday in patient rooms that are 
not being used and on Sunday when there are no 
patients in the clinic. A crew of two will work on the 
window installations. This will allow for a more speedy 
installation process. The AC units will be installed on 
Sundays, beginning August 22nd, 2020,  each unit 
with its own particular Sunday.  This is so that the 
clinic has working AC during its operational days of 
the week. It will take a total of six weeks to fi nish the 
installation of all of the units, fi nishing on September 
26th. The water heater will also be installed on Sep-
tember 26th. The installation of the solar system will 
begin on September 7th with a crew of four, starting 
off  with wiring which will take 21 days. Next, mounting 
will be installed beginning September 29th, 2020, 
taking 28 days. Then, panels will be installed 
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beginning October 28, 2020, taking 8 days. Lastly, inverters will be installed beginning November 6, 2020, taking 8 days. The project end date for the entire project will be November 
16th, 2020. The Gannt chart in Table 9 displays this progression of work. It is worth noting that this schedule takes into account both work and allotted break time for workers. 
 
The spread of dates ensures minimal disruption of current operation. Lighting and window installation has the most potential for disruption, but splitting the center into smaller and more 
manageable segments will minimize or eliminate disruption. The installation of AC units, the water heater, refrigerator, and solar panels are predicted to have very little to no impact on 
the way the clinic is running its day to day activities.

3. Financing Plan

Table 10 shows that the changes in the Technical Analysis 1 section will result in a savings of $16,361.66 per year. With a total project cost of $35,923.00, the projected return on in-
vestment is three years. This is a conservative estimate, rounded up from 2.20 years projected return on investment. Positive net cash fl ow will occur in the third year of operation. The 
implementation of solar energy would greatly reduce the cost of electricity used for lighting. The projected returns on investment for the upgraded lighting with and without solar power 
to display the positive impact solar power would have on the ability of the Near South Health Center to pay back the investment and begin generating positive cash fl ow. The lower 
estimate on projected ROI would achieve a positive cash fl ow after 4 years, rounded up from the raw calculation of 3.14 years. 
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Energy Effi  ciency Analysis
Total Cost of Project: $35,923.00

Itemized Savings per Year
Water Heater $4,312.04

Windows $7,752.00
Refrigerator $249.00

Printers $963.50
HVAC $2,085.12

Total Savings per Year: $16,361.66
Projected Return on Investment: 3 years

Lighting Retrofi t
Total Cost of Project: $22,452.60

Yearly cost of New vs. Old Installations
Type Cost

Old $6,493.37
New-Without Solar 

Power
$3,434.68

New-With Solar 
Power

$595.92

Projected ROI without Solar Power: 8 
years

Projected ROI with Solar Power: 4 years
Solar Energy System

Total Cost of Project: $259,719.09
Financing Opportunites

Incentive Cash Gain
ComEd Rebate $38,000.00

Federal Tax Credit $55,350.00
SREC $273,041.00

Total Finances: $366,391.00
Savings per Year: $18,353.00

Projected Return on Investment: 3 years
Table 10: Projected ROI per Analysis Section

The SREC will be paid out over fi ve years to the Near South Health Clinic, bringing in a cash fl ow of $54,608.23 per year over the fi ve 
year period. Thus, the solar system will have paid for itself by the third year of operation, and will produce a net positive cash fl ow in the 
third year of operation. This is a conservative estimate rounded up from 2.36 years.

4. Positive Cash Flow
The total project cost is $318,241.28 and is represented in blue in Figure 44. The 
cash infl ux is determined by the piecewise equations in Figure 43. The equation 
for cash infl ux was determined to be the amount of savings per year and funding 
received from grants or other sources as a function of time in years. Cash infl ux 
is represented in red in Figure 44. The point at which the red and blue lines inter-
sect, marked ‘Intercept’ in Figure 44, is the breakeven point. Thus, the Near Figure 43: Cash Flow Equation

Figure 44: Cash Flow Chart

South Health Center will achieve a positive cash fl ow in 2.39 years after the beginning of the project. Assuming the project begins on 
August 17th, 2020, then the date on which the Near South Health Center achieves a positive cash fl ow is January 8th, 2023.
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Summary of Campaign
The NECA-IIT Student Chapter created an Energy Awareness campaign (See Figure 45) that 
would benefi t the campus community and surrounding neighborhood. First, the student newspaper 
provided a platform to inform fellow students, faculty, and staff  of the eff orts of the chapter. This 
action spread the meaning of net zero and described the resulting positive environmental impact, 
as well as increased participation throughout the campus community.

Workshops were held to inform the organization 
on the benefi ts of solar and lighting. In 
collaboration with the campus Citizens Climate 
Lobby group, the NECA-IIT Student Chapter 
learned the basics of climate change and energy 
audit calculations. The use of various social me-
dia platforms encouraged students to speak to 
their local representatives about the Energy In-
novation and Carbon Dividend Act. The combina-
tion of these eff orts reached nearly 3,000 student 
body members, who believe in being better 
educated on their role as environmental activists 
as a result of our eff orts. 

The next step in this process involved engaging 
with Near South Health Center to produce fl iers 
for distribution to patients on ways to reduce 
energy consumption at home and work. The 
fl iers are educational and informative of simple 
practices that can be done with minimal eff ort 
but create a large impact on our societal energy 
consumption. Reaching nearly 300 Bronzeville 
families, this campaign can reduce the 
community’s carbon footprint tremendously.

The NECA-IIT Student Chapter has always been committed to educating people about the 
challenges the world faces in regards to green energy and what can be done to combat this 
change on a personal and societal level, as this is the fi rst step in the existence and growth of 
green energy design.

HELP US SAVE OUR
COMMUNITY!

- Turn Off Your Lights
- Install LED lighting
- Tree planting 
- Garbage clean-up
- Replace slow cookers with high-speed
pressure cookers
- Commute to work via public transport
- Run washers FULL only
- Insulate your house well with updated
windows 

COMMON ENERGY AWARENESS
STRATEGIES THAT YOU CAN DO!

For details on our activities and events, please

reach the National Electrical Contractors

Association  at the Illinois Institute of

Technology. We are planning future events  to

spread information on best practices for energy

efficiency.

Bronzeville
Chicago, IL

Figure 45: Campaign Flyer
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Summary of Volunteer Service
Though constrained by the COVID-19 pandemic, the NECA-IIT Student Chapter worked with the 
Near South Health Center to create fl iers and distribute information on reducing energy consump-
tion. The fl iers catered towards each group: Doctors, Nurses, and other medical staff ; building and 
offi  ce managers; and facility and security personnel. The main contact for distributing these fl iers 
was Keyander Baldwin. In making these fl iers, the joint goal is to help reduce the community’s 
carbon footprint through better information and mindful practices. See Figure 46 for the letter of 
performance from the Near South Health Center.

A log of the IIT-NECA Chapter’s Volunteer Service can be found in the appendix (See Appendix, 
page 1-9).

Figure 46: Letter of Performance



Log of Interaction
• Face-to-face visit with Tim Taylor-Assistant Manager ECA (January 23rd)
• Presentation from Jack Smith-Senior Division Manager Kelso-Burnett Co. (January 30th)
• Site Visit with Keyander Baldwin-Manager Cook County Health Clinic (February 6th)
• Site Visit with Jack Smith-Senior Division Manager Kelso-Burnett Co.(February 10th)
• Planning for Next Chapter Meeting with Tim Taylor-Assistant Manager ECA (February 11th)
• Plan for Site Visit with Mike Hickey-Site Contractor Coordinator Cook County Health Clinic 

(February 19th)
• Discuss energy costs with Tim Taylor-Assistant Manager ECA (February 27th)
• Preparation for COVID-19 Changes with Tim Taylor-Assistant Manager ECA (March 13th)

A log of interaction detailing the IIT-NECA Chapter’s interaction with various local NECA members 
can be found in the Appendix (See Appendix, page 1-10).
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Summary of Interaction
The team consulted various times with Tim Taylor, Assistant Manager of the Chicago and Cook 
County Chapter, NECA. Tim presented his NECA involvement and career early in the project. 
Then Jack Smith and Steve Awe from Kelso-Burnett Co. gave a presentation on Project Man-
agement and PV solar systems (See Figure 47). Tim helped immensely by answering questions 
about the competition and reviewing the proposal for accuracy. Working alongside contractors 
from Cook County Health, the team obtained data from ComEd and drawings from the center. 
See Figure 48 for the letter of performance from Tim Taylor.

Figure 47: Jack Smith and Steve Awe visit NECA-IIT Student 
Chapter Meeting
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Figure 48: Letter of Participation from Tim Taylor



Campus/Local Media Engagement

University Newsletter
See Figure 49 for the news release on the NECA-IIT Chapter.

A copy of the articles published detailing the overview of the project work the NECA-IIT Student 
Chapter has completed throughout the semester can be found in the Appendix (See Appendix, 
page 1-11).

Campus/Local Media 
Engagement
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Figure 49: TechNews Article
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Volunteer Log of Interaction
Student Name What they did Volunteer 

Category
Source/Evidence Hours

Jelena Researched how 
healthcare work-
ers can safely, yet 
more effi  ciently 
during a pandemic

Research Wrote a short summer with tips 2

Jelena Research regard-
ing best practic-
es for Doctors, 
Nurses, and other 
medical staff 

Research http://www.healthcarebusinesstech.
com/best-practices-for-enhanc-
ing-doctornurse-relationships/. 
https://www.ama-assn.org/prac-
tice-management/physician-health/
how-doctors-can-keep-their-families-
safe-after-providing-covid. 
https://www.ncbi.nlm.nih.gov/books/
NBK2637/. 
https://www.ncbi.nlm.nih.gov/pmc/arti-
cles/PMC4949805/

3

Adriana Researched tech-
nology grants

Grants/Fi-
nance

https://freshwaterfuture.org/technolo-
gy-grant-funders/

1

Brian Research improv-
ing energy effi  -
cient behavior

Energy 
Aware-
ness-House-
hold

https://www.ncbi.nlm.nih.gov/pmc/arti-
cles/PMC5579831/

1

Dharmendra Research on En-
ergy Conservation 
Techniques

Conserving 
Energy

https://www.energysage.com/ener-
gy-effi  ciency/101/ways-to-save-ener-
gy/

1

Massara Research for work 
life practices

Work Life 
Energy 
Awareness 
Practices

https://dl.acm.org/doi/
abs/10.1145/1899475.1899495
http://oro.open.ac.uk/40884/1/IHC2014_
camera_Ready.pdf

2

Daniel Research on 
Pervasive Energy 
Awareness for 
Households

Energy 
Awareness 
Strate-
gies-Daily 
Life Practic-
es

https://dl.acm.org/doi/
abs/10.1145/1864431.1864436

1

Miro Internet Search 
posted on Energy 
Awareness

Energy 
Awareness 
Strate-
gies-Daily 
Life Practic-
es

https://dl.acm.org/doi/
abs/10.1145/1864431.1864436

1.5



Peng Researched solar 
panel design con-
siderations and 
drew the 3-Line 
Diagram for the 
solar panel system 
connected to old 
electrical system

Solar Panel 
Design

https://academics.uccs.edu/rtirado/
PES_1600_SolarEnergy/Gevorki-
anCH3.pdf

3

Sam Overall Energy 
Awareness & Con-
servation Tech-
niques

Energy 
Awareness

https://www.energystar.gov/buildings/
facility-owners-and-managers/exist-
ing-buildings/communicate-your-suc-
cess/energy-star-communica-
tions-toolkit/bring-your-green-work-1

2

Tristan Online research 
for facilities staff 

Security & 
facilities up-
keep staff 

https://www.environmentalleader.
com/2019/10/three-ways-facility-man-
agers-can-improve-energy-effi  cien-
cy-of-building-systems/
https://www.pnnl.gov/main/publications/
external/technical_reports/PNNL-13890.
pdf

1

Kevin Research Clinic 
Best Practices & 
Summary

Clinic Best 
Practices

https://www.ncbi.nlm.nih.gov/books/
NBK316131/

1

Virgilio Research ways 
to work while 
staying safe with 
COVID-19

Research https://www.nationalnursesunited.org/
covid-19

2

Christina Research for Work 
Life Best Practices

Energy 
Awareness

http://www.srpnet.com/energy/biztips.
aspx.

1

Sonia Research Ener-
gy-Effi  ciency  in 
low income com-
munities

Social/Eco-
nomic

https://www.edf.org/sites/default/fi les/
documents/liee_national_summary.
pdf

1

Sonia On-Site Research 
at the health cen-
ter

Research Visited site on Feb. 20 from 3-5 pm 2

Volunteer Log of Interaction Continued
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