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I am a fourth year B.S. Sustainable Built Environments 
major with an emphasis in Sustainable Buildings.

I am also a chair for the Energy and Climate 
Committee of Students for Sustainability.

The goal of this project is to reduce energy consumption at the University of Arizona 
by retrofitting the existing light bulbs in the Robert L. Nugent Building. Through 
Students for Sustainability, this project aimed to apply for grant money from the Green 
Fund to make sustainable retrofits to buildings on campus. This capstone project 
serves as a guide for lighting retrofits and explains how to work with organizations on 
campus to reduce energy consumption.Ex
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Light emitting diode’s (LED’s) 

are the most efficient light 

bulb’s on the market today. 

Efficiency in light bulbs is 

measured by the lumen’s 

divided by the watts. 

A bulb that is 100% efficient 

has an efficacy of 683 lm/W. 

LED’s have an average efficacy 

of 85 lm/W. This is a massive 

increase in efficacy compared 

to a regular CFL which has an 

efficacy of 73 lm/W.

The graph to the right is 

from the department of 

energy and shows the rate of 

implementation as a function 

of price. As LED’s drop in 

price, their installation rates 

increase.
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The most recent Commercial Buildings Energy Consumption Survey (CBECS) found 
that 17% of all electricity consumed in commercial buildings goes to lighting (EIA, 
2017). Students for Sustainability will conduct a lighting audit with Facilities Manage-
ment to verify the number and type of bulbs and fixtures. The Electrical Power Plan of 
the Nugent building shows a total of 468 lamps (bulbs) installed in 234 fixtures. After 
conducting an audit we found  only 3  lamps have been replaced with LED’s already. 
This project will replace the non-LED bulbs. Facilities Management will provide sup-
port with technical aspects of this project such as; providing important lighting docu-
ments, calculating energy loads, projecting energy savings, and helping with the cost 
benefit analysis of different lights and fixtures. Working together will ensure accuracy 
in data and calculations and give students exposure to professional sustainability 
projects on campus. The goal of this project is to use reduce the carbon emissions of 
the University of Arizona’s built environment. This will be done using energy efficien-
cy measures to reduce energy demand in buildings. In order to make this project a 
reality a grant was written and accepted by the Green Fund. 
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Light bulbs were invented about 150 years ago. Contrary to popu-
lar belief, but in line with most revolutionary inventions, light bulbs 
were the results of many small innovations in science and technol-
ogy. The light bulb we all know and use today is the result of many 
design failures and success’s. It’s commonly thought that Thomas 
Edison was the inventor of the light bulb. In 1803, the Royal Institute 
in Great Britain watched scientist Humphry Davy demonstrate the 
first arc lamp which provided our world with the first electric lights. 
By the late 1800’s light bulbs were common place and increased 
investment in lighting technology prompted inventors from around 
the world to increase the efficiency and longevity of electric light-
ing. 

At the same time, across the world in Menlo Park, in New York 
City became the mecca of lighting technology when Thomas Edi-
son tasked his researchers with researching incandescent lamps. 
During this time Edison would also suggest that light could be dis-
tributed centrally from a large generator. Later New York City would 
be the location for the first commercial power utility in lower Man-
hattan. Later in the U.S. around 1920 fluorescent light bulbs were 
invented. These tubes were neon tubes with phosphorus coatings, 
these fluorescents were much more efficient than the incandescent 
bulbs. Finally, in 1962 the first Light Emitting Diode (LED) is invent-
ed. Nick Holonyak, a scientist for GE invented the first visible spec-
trum LED. 

As technology continued to improve, the adoption of new technol-
ogy grew. In 1973, an oil crisis put extreme pressure on the ener-
gy sector. With fuel prices shooting up, more efficient bulbs were 
developed to reduce energy use. One solution, invented by Edward 
Hammer at GE, bent tubes into a spiral creating the first Compact 
Fluorescent Light bulb. (CFL). 

Much later, from 2002-2008, LED’s hit the residential building mar-
ket. At fist LED adoption was small. In 2011 Philips, a technology 
and lighting company,  won the L Prize, a prize given to the winner 
of a competition to design an ultra-efficient lighting product which 
will completely replace common lighting i.e. CFL’s. Philip’s LED light 
won the competition and are the benchmark for LED’s today. As of 
The Department of Energy published that there were more than 49 
million LED products installed in 2012. This would save $675 million 
in annual energy costs.

History of the Light Bulb

Literature Review

Edison’s Incandescent Bulb Patent, 
1880, Department of Energy, 2013

Tungsen Filament Bulb, National 
Museum of American History, 1904
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Prepared by:
Harvard Green Building Services
Harvard Facilities Maintenance Operations
Harvard Campus Services

Location:
74 Mount Auburn Street
Harvard Faculty of Arts and Sciences

In 2011, the Faculty of Arts and Sciences worked with the Green 
Building Services and Facilities Maintenance Operations jointly 
performed a comprehensive energy audit at the above address to 
identify opportunities to save money and energy and reduce GHG 
emissions associated with building energy use. The audit meets 
and exceeds ASHRAE’s Level II requirements for energy audits and 
serves as the standard for all campus energy audits. The report 
includes a historic analysis of building utility consumption, specific 
energy efficiency improvement recommendations, and detailed fi-
nancial analysis for recommendations. This report provides detailed 
structure and framework for conducting level II energy audits. Using 
consumption data the team found the audit building spent $16,928 
on utilities. They identified 18 energy conservation recommenda-
tions. They identified changes that would reduce GHG emissions 
by 26% from GY2011. Potential energy reduction was calculated to 
be 25%. The payback period was 45 months. For lighting, the audit 
team found the building is lit by T8 linear fluorescent fixtures, with 
usually 2 32-watt linear fluorescent lamps. The fixture is the mount 
for the lamp. Fixtures are set in the ceiling and house the light bulbs 
(lamps). All of the lights used on/off manual wall switches. This 
team went beyond the lamp replacement and changed the fixtures 
as well as the manual switches. Switching fixtures reduces lighting 
energy demand even further. Installing movement sensors or an 
occupancy schedules for the lights also reduces demand, this also 
ensures lights aren’t left on overnight or during school breaks. 

ASHRAE Level II Energy Audit

Literature Review
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Methodology

To propose a project of this scale required the platform of Students for Sus-
tainability. Individually, Facilities management changes CFL’s to LED’s as they 
are called in for maintenance. By requesting a large amount of funding from 
the Green Fund this project can replace CFL’s for LED’s in one move. By le-
veraging student agency and support we had the platform to reach out to the 
institution and start the project. Funding came from the Green Fund awards 
$400,000 a year to sustainable projects. The money from the Green Fund 
would cover a majority of the retrofitting cost. Annual Grants have no mon-
etary ceiling and therefore could fund the entire project. However, projects 
that have a single source of funding rarely are awarded grants. By working 
with Facilities Management we avoided a lot of labor costs, and offered some 
funding to offset Green Funds. Grants are submitted until January 28th. The 
current state of this projects grant is below. 

Background

+ +
Special Interest Committee 

w/ workforce
Project Management, 

Oversight, and Electrical 
Shop

Green Fund Administration 
and funding

The audit team is a collaboration between Facilities Management and the Ener-
gy and Climate Committee. Mike Hoffman operated as the Facilities Management 
point of contact. He gave our committee the necessary resources to conduct this 
retrofit. Mike Hoffman is an Energy Manager at the University of Arizona. The 
Green Fund funded our portion of the project and Facilities Management paid for 
the other half. A full financial analysis will be included in this report. 

Audit Team
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Methodology

The goal of this project is to upgrade existing lighting on campus to Light 
Emitting Diode (LED) equivalent lighting. Starting with the Robert L. Nugent 
building, Students for Sustainability will replace current bulbs and fixtures 
with energy efficient alternatives. In partnership with Facilities Management, 
we will conduct a baseline lighting demand calculation along with a cost 
benefit analysis of different bulbs and fixtures. We will then replace current 
bulbs and fixtures with sustainable alternatives. After the replacement, a sec-
ond lighting demand calculation will confirm projected savings. Energy costs 
associated with standard light bulbs are high, but easily mitigated through 
the use of Certified LED bulbs. Certified bulbs use up to 90% less energy 
than incandescent bulbs (Energy Star, 2019). This project will be led by Stu-
dents for Sustainability in partnership with Facilities Management. With stu-
dents as the project managers, we will gain first hand experience conducting 
energy efficiency measures on campus.  

Project Description

• Greenhouse gas emissions and energy reduction
• Short payback period
• Student lead project with Facilities Management (FM)
• Green Fund grant covers half the cost with FM paying for the other half

Project Benefits
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Methodology

Data was gathered from the Robert L. Nugent building first from elec-
trical shop floor plans from FM. The images shows below, are the floor 
plans to the building with every light fixture and bulb. After creating a 
walk-through plan with the Energy and Climate Committee, we audit-
ed the floor plans to make sure they were accurate. After a first walk 
through conducted in early January, we found the light bulb count on 
the floor plans did not match what the buildings lamps actually were. 
Our committee decided to conduct another walk-through to get a true 
count of lamps. We conducted our official audit with an Electrician 
from FM. D
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Financial Analysis

The two main costs for this project are material and labor. The cost of mate-
rials is the total cost of buying replacement bulbs and fixtures for the build-
ings. Labor costs come from Facilities Management and are required for both 
re-lamping and retrofitting fixtures to ensure the replacements are profes-
sionally installed and verified by Facilities Management. Working with the 
electrical shop supervisor we received cost and payback period for lighting 
replacements. Students from the Energy and Climate Committee received 
electrical lighting layouts for each floor and conducted an audit in Decem-
ber, 2019. Data from the audit provided a basis for examining the benefits 
of lighting efficiency measures. The audit found 145 fixtures and 381 lamps. 
Facilities Management and the electric shop calculated the energy savings of 
re-lamping 2x4 troffer’s in the Nugent building. The avoidable energy is 9,500 
kWh/year, with an avoidable cost of $835.98/year. The cost to install the units 
is $4,520. The savings from this project accumulate to the initial cost for a 
return on investment in 5.73 years. To calculate the return on investment and 
the payback period FM conducted a re-lamping calculation. It assumes: 

Cost Benefit Analysis

10



Financial Analysis

Costs
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The existing lamps run at 29.5 Watts, the replacement LED lamps run 
at 9 W.
In the Nugent building, the corridors, stairwells, and restrooms are 
lit 24/7 (8,760 hr/year), and occupied spaces are lit during business 
hours (2,401 hr/year).
The electric shops rate is $45.25/hour. Each fixture takes 30 minutes 
to replace.
The lamps cost $8 per unit. TEP offers a rebate of $4 per unit. Facili-
ties assumed $6 per unit for sundry materials such as wiring and fit-
tings. 
A 6% contingency cost ($334) is included in order to address any un-
expected costs.
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April 10, 2020 

Dear Sasha, Sylvester and Estella,        

Due to the COVID-19 pandemic, the Annual Grant Meeting was not open to the 
public. The committee, with the approval of Kendal Washington White, made the 
following funding decisions regarding FY 2021 funding. The University of Arizona 
Green Fund Committee is pleased to inform you that “Robert Nugent Building 
LED Retrofit” GF 21.16 has been awarded funding from the Green Fund in the 
amount of $3,100. This amount will be allocated over a period of three years.  

Specific Committee Feedback: 

• I think the proposal and budget were very well written and thorough. The project 
is a great way to start out the campaign of retrofitting buildings across campus with 
LED lighting. I like how the project acts as a way for FM and SFS to get data on the 
process on a smaller scale as they are looking to retrofit more buildings.  
 
• I’m a big fan of teamwork, and I really like this project for that reason. In 
establishing a cost-sharing partnership with Facilities Management and providing a 
thoroughly-accounted for budget, I’m especially confident in the prospects of 
success and the guarantee it can make a lasting impact on campus sustainability. 
Going from fluorescent to LED may not be the most ambitious, but I think there’s 
promise in the scalability of the project. 

Attached to this email is your Letter of Agreement, funding spreadsheet and if 
necessary your Partial Funding Form. Please fill out the forms, attain signatures and 
return the signed document(s) electronically to rudnick1@email.arizona.edu . 
Transfers are traditionally made sometime in August. Every effort will be made to 
follow this plan, however, the pandemic might affect the timing of this transfer.   

Thank you again for your interest and participation in the Green Fund and for your 
desire to help make the University of Arizona a more sustainable place to work, live, 
and learn.  If you have any questions, please contact Julia Rudnick at 
Rudnick1@email.arizona.edu.   

Sincerely,  

The University of Arizona Green Fund Committee 

Committee Members 
Allison Doty 
Chair 
Reed Hirshman    
Vice Chair  
Amanda Lipp       
Secretary  
Ashlyn Bauman 
Treasurer 
Aaron Nach 
Public Relations 
Gavi Aryeh     
Graduate Student  
Alexus Hurtado 
Undergraduate Student 
Daniel Palomares                  
Graduate Student 
Meck Slagle 
Graduate Student 
Noah Thompson 
Undergraduate Student                           
Committee Advisors 
 
Chrissy Lieberman 
Associate Dean of Students, 
Dean of Students Office 
 
Julia Rudnick 
Financial Advisor, Green Fund 
 
 
 
 
 
 

Green Fund Grant

Grant Acceptance
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Students for Sustainability and the Energy and Climate Committee 
wish to continue increasing the awareness of sustainability on cam-
pus. The Energy and Climate Committee contributes to this mission 
by studying the built environments effect on our climate. Through a 
long partnership with Facilities Management our committee found 
energy efficiency measures to be the most effective way of reducing 
energy use on campus. Energy efficiency measures are actions that 
can be taken within a building to lower its energy use. Re-lamping 
existing fluorescent lights with LED’s is an efficient and profitable way 
of reducing energy use. Facilities Management provided the space for 
our committee to make changes on campus. This grant will allow Stu-
dents for Sustainability to fund an energy efficiency measure which 
will replace current inefficient CFL’s with LED’s through Facilities 
Management.O

n 
Th

is
 P

ro
je

ct

As chair for the Energy and Climate committee it is of utmost impor-
tance to ensure to continuity of the committee. A special note should 
be made to ensure occupant participation of the building retrofits. 
Our team was required to alert the building occupants of the retro-
fit. Talking to building occupants is a great way to build a network, 
and ensure building occupants are on board with the changes being 
made. Even though FM owns the buildings, getting permission from 
occupants can ease the walk-through hand replacement process. Af-
ter a short graduation ceremony in the program new chairs were hired 
to replace graduating chairs, such as myself. Part of the goals for this 
project is to create a rubric for the committee to continue retrofitting 
buildings. I am hopeful that every semester a green fund grant is filed 
to retrofit a new building. As our committee continues to retrofit build-
ing we’d expect that scale to increase. The goal of the committee is to 
eventually retrofit all lights on campus and ensure new buildings are 
already.O
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Students for Sustainability
Energy and Climate Committee

Pictured from left to right;
Sasha Evans, Trent Rodriguez, Chelsea Mendonza, 
Samantha Wallace, Lillian Witting, Cassandra Smith, 
Finley Parsons, Nick Nguyen, Phoenix Eskridge-
Aldama, and Tyler Rodshagen
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