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Executive Summary:
For the spring 2012 semester, the Town of Chapel Hill partnered with UNC’s Institute for
the Environment to assess and improve upon recycling habits and energy efficiency within its
public housing units. With supervision and guidance from mentors at UNC and professionals
within the Town of Chapel Hill, eight students undertook four projects to address some of the
goals encompassed in the above mandate. In order to best manage the scope of these projects, we
elected to split the project into four main components, and ultimately took on a fifth. These subprojects included:
1.
2.
3.
4.
5.

Energy Efficiency & Conservation
CFL Replacement
Recycling
Informational Video
Public Housing Lighting Inventory

Energy Efficiency & Conservation
This element of the project focuses mainly on a research analysis of best practices related
to energy efficiency and conservation. This analysis relies heavily on secondary research in the
form of academic and professional publications ranging in focus from case studies to nationwide
surveys. Recommendations include efficiency and conservation steps for lighting, heating and
cooling, water use, and general electricity use.
Goals: The energy efficiency team hoped to provide the Town of Chapel Hill with a toolkit of
useful information and best practices to use in efforts to reduce energy loads in public housing
units. We aimed to enumerate several successful strategies used by other towns and public
entities that are relevant for Chapel Hill by examining several reference cases. We also hoped to
identify relevant ways in which the Town can equip tenants with the knowledge and impetus
necessary to reduce energy use. Lastly, we aimed to investigate several low- and no-cost
solutions that the Town itself can undertake, both in the immediate future and in the longer term.
Deliverables:
 Energy efficiency literature review and compiled references cases
 Recommendations for low- and no-cost projects for the Town to undertake, both in the
short and longer terms
 “Use Less to Save More!” pamphlet aimed at changing tenant behavior to be distributed
at new resident orientation; accompanying research
 Resource Directory of useful materials
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CFL Replacement
Especially pertinent to the Town of Chapel Hill, the second project is an integral aspect
of a larger partnership between Chapel Hill and Duke Energy to replace all bulbs in all public
housing communities with CFL bulbs. To ensure a smooth transition, students researched any
potential hazards of CFL bulbs, as well as proper disposal techniques. To increase uptake and
awareness, financial savings and energy savings are also outlined so as to provide a
comprehensive understanding of the benefits—and detriments—of switching to CFL bulbs. To
complete this project and to ease the transition process for public housing tenants, a brochure
is also included that succinctly explains the overall project and its most significant findings.
Goals:
The CFL sub-group set out to assist with the transition from incandescent to compact
fluorescent bulbs through background research, energy and comparative analysis, and the
creation of a pamphlet providing an overview of the program to be distributed to every
participating household. In conducting lighting technology comparisons and environmental
impact and health safety analysis, this team aimed to use this research and data to provide
suggestions for how to continue the CFL replacement project in the long run and to make
recommendations on other projects that can be initiated to further increase energy efficiency
among the Chapel Hill public housing community.
Deliverables:




Informational CFL pamphlet
Energy, cost-savings, and safety analyses
Comparison between incandescent light bulbs, CFLs, and LEDs

Recycling
Public housing units have historically had lower recycling rates and higher recycling
contamination rates than the average household. The third project undertaken by this capstone
team attempts to quantify and address this issue through waste audits, several interventions, and
recommendations for the future. Main findings show that recycling uptake is the main issue in
Chapel Hill public housing, but community involvement and education interventions show
potential for improving rates.
Goals: The recycling sub-team aimed to assess the current recycling practices in Chapel Hill’s
public housing units in order to create effective and targeted strategies to improve them in the
future. In implementing our intervention and assessing its success and making recommendations,
we hope to provide some context and evidence that the Town can use in strategizing methods to
improve recycling in public housing moving forward.
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Deliverables:





Baseline and follow-up waste audits and accompanying analyses
Community youth education
Distribution of recycling bins, fliers, and posting of informational signs
Recommendations for recycling improvement in the form of a job description for a
community-level Recycling Captain

Orientation Video
The fourth component serves as a way to ensure that all future public housing tenants in
Chapel Hill receive at least a cursory introduction to the main environmental issues and
opportunities that exist for their new home and community. After extensive background research
and stakeholder involvement, a short informational video has been produced that will be shown
to all incoming tenants during their mandatory public housing orientation.
Goals: The hope in creating this video was to synthesize the gathered energy efficiency and
lighting data in a comprehensible way that will help improve tenant energy practices. This
orientation video should be shown at monthly orientation sessions for new tenants and posted
online where tenants can view it. We hope that providing tenants with continual access to the
video will encourage them to implement these sustainable techniques by serving as a useful
reminder. Digitizing the video also allows for future expansion of the video as a series, as more
videos can be uploaded and the tenants can have access to all of them—a powerful method of
dispersing and sharing information.
Deliverables:
 Orientation video
 Accompanying script
Public Housing Lighting Inventory
During the semester, four members of the Green Public Housing Capstone elected to take
on an additional project in the form of a lighting inventory of the current public lighting
structures in use throughout the public housing units in Chapel Hill and Carrboro. We compiled
our findings into several Google Maps databases.
Goals: The purpose of this additional project was to assist Brian Callaway in determining the
nature and scope of public lighting that the Town currently provides in public housing
communities. This information will be used in order to assess the likelihood of pursuing lighting
retrofit projects to replace some of this inefficient area lighting with more energy-conserving
options, most likely LEDs.
Deliverables:
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Google Maps databases of each of the thirteen public housing units in Chapel Hill and
Carrboro, each containing:
 The geographic location of each light post
 A photo of each post attached to its location tag
 Key information about each post (e.g., wattage, post materials, any additional
relevant information)

Conclusion:
While distinctly individual, all of the aforementioned projects share a common theme of
critiquing current practices, testing potential new practices, and providing recommendations for
future considerations. The Town of Chapel Hill is taking an active and progressive approach to
addressing issues of environmentalism in its public housing communities. With these projects as
a foundation, the opportunities to engage with communities and increase environmental
consciousness will only continue to improve in the coming years.
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Project Background & Goals:
The Town of Chapel Hill currently manages 336 public housing units spread among 13
different neighborhoods in Chapel Hill and Carrboro. Given the rising costs, both environmental
and monetary, of energy and solid waste management, the Town seeks to determine a way to
improve energy conservation and recycling practices among the residents of the public housing
units it oversees. Energy efficiency is often cited as the most cost-effective carbon reduction
strategy for buildings, and can be framed as a pillar of a sustainable future for our community.
Furthermore, improvements made in energy efficiency directly benefit end-users through lower
utility bills, which can be an important savings opportunity for residents of Chapel Hill’s public
housing units. Compared to using virgin materials, recycling is a proven strategy to preserve
landfill space, reduce the consumption of raw materials, save energy, and ultimately reduce
carbon emissions.
Our work this semester has revolved around exploring steps that both the Town of Chapel
Hill, as a landlord, and residents of public housing developments, as tenants, can take to promote
energy conservation and efficiency. We have also investigated potential avenues to improve
recycling practices. We strove to identify low- or no-cost solutions that can be easily
implemented and provide means by which the Town can easily inform incoming and existing
residents about what they can do to save energy and money. This process has involved
significant research, including primary data gathering through waste audits, and secondary data
gathering through literature reviews. We have compiled a best practices guide with key
information for the Town to use in pursuing energy efficiency projects in public housing, created
two informational pamphlets to be distributed to tenants, and filmed an instructional video to be
shared with tenants at residential move-in orientation.
This capstone project was divided into four units, each of which focused on specific
solutions that could be implemented to increase energy efficiency and promote greater recycling
among public housing residents. At the outset of our project, we outlined the following
objectives to pursue:
Objective 1: A report documenting methods, findings, and recommendations, including:
(a) A summary of context-specific interview and waste audit results related to Chapel Hill
public housing recycling behaviors
(b) An analysis of specific recommendations that follow best practices of energy efficiency
in multi-family public and affordable housing for both tenants and the Town
(c) Quantified savings opportunities for identified measures including the CFL program
(d) Proposed suggestions for recycling
Objective 2: A short instructional video for housing orientation detailing energy
conservation practices accompanied by a one-page, easy to understand informational
pamphlet.
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The focus of each unit and the primary deliverables each team produced is summarized in the
chart below.

Energy
Efficiency

• List of best management
practices
• Case studies
• Informational pamphlet

• CFL pamphlet
• Energy, cost-savings, and
safety analysis
• Comparison chart between
incandescent light bulbs,
CFLs, and LEDs

CFL

Green
Public
Housing
Recycling

Multimedia

•

• Baseline and follow-up waste
audits
• Community children
education
• Distribution of recycling bins

Orientation video

Figure 1. Summary of the four elements and deliverables.
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Recommendations for the Town
Recommendations for Energy Reduction
More detailed information about energy efficiency and conservation is available in Section 1.
More detailed information about compact fluorescent light bulbs is available in Section 2.
In conducting our research about potential short-term energy efficiency projects, we
found that the vast majority of low- and no-cost solutions that can result in energy savings for
residents will need to come from the residents themselves. Tenant behavior will be the key to
reducing the energy load in Chapel Hill’s public housing units, and one of the most effective
tools for behavior change is empowerment through education. In order to lessen the broad
detrimental effects that stem from excessive energy use at relatively small scales, the Town
should enact initiatives to increase tenant knowledge about the importance of energy efficiency
in public housing units. Any training conducted or information shared must be relevant to the
tenants in their daily lives, so clearly demonstrating the relationship between the use of various
appliances or electronics and fluctuations in energy bills will be essential to incentivize adapted
behavior. Here we recommend some potential avenues to pursue to follow up on the pamphlet
we have created to hand to tenants at orientation:

Potential Avenues for Encouraging Behavior Change in Tenants




Conduct trainings, hold Q&A sessions, or sponsor regular Energy Savings 101 seminars,
interactively highlighting the materials in the informational video & pamphlet.
Pilot after-school outreach programs to reach children.
Partner with Duke Energy to create an incentives program for greatest energy reduction
(e.g., free CFLs for the greatest percent reduction).

Focus Areas for Tenant Training Materials
Detailed information and pamphlet available in Appendix A
Lighting:
 Turn off lights when leaving a room
 Limit the number of lights used to those in the immediate surroundings
 Use natural light whenever possible
 Use compact fluorescent light (CFL) bulbs rather than incandescent bulbs
(more information on CFLs available in Section 2)
Heating and Cooling:
 Turn the thermostat up in the summer and down in the winter
 Close doors to rooms not in use
 Turn air conditioning off when leaving the house for an extended period
 Take advantage of natural daylight in the winter, and block it in the summer
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 Open windows rather than using air conditioning whenever possible
 Use window or portable fans in place of air conditioning, especially at night
Appliances & Power Management:
 Unplug appliances when not in use
 Use power strips for grouped electronics and switch to “off” when not in use
 Use hibernation mode on computers and avoid screen savers
 Use cold settings in the washing machine
 Wash and dry only full laundry and dishwasher loads
 Air-dry laundry whenever possible
Water Conservation Tips:
 Use cold water and the shortest wash cycle possible for laundry loads
 Fill up sink basin to wash dishes and vegetables, rather than running the faucet
 Turn off the faucet when brushing teeth & shaving
 Limit shower time and reduce overall number of baths

Low- and No-Cost Solutions for the Town
Detailed information available in Section 1.3
While funding is not readily available and the Town has asked us to focus on low- and
no-cost solutions for this particular project, we believed it also is important to investigate
potential energy-saving measures that can be implemented in the future when the Town has
access to more resources. While low- and no-cost solutions are an important intermediary step,
the success of these measures will depend mainly on behavioral change, and therefore the tenants
are of primary focus. It is important for the Town to consider future avenues to take should the
opportunity present itself, and to formulate a comprehensive plan that will assist in targeting
specific goals and seeking out resources to achieve them. We have divided our recommendations
into three categories:
 Immediate or Ongoing Projects
 Recommended Long-Term Projects and Investments
 Long-Term Projects for Future Investigation and Review

Immediate or Ongoing Low- and No-Cost Projects:





Replace air filters regularly
Ensure that all windows and air conditioning units are fully sealed
Vacuum refrigerator coils regularly
Emphasize importance of CFL use for tenants who have moved in after the
distribution of free CFL bulbs from Duke Energy and accompanying pamphlet
(pamphlet available in Appendix B)
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 Before making significant investment in items like programmable thermostats or
central air conditioning units, ensure that there are adequate materials and
resources available to change tenant behavior (see Focus Areas for Training
Materials)

Recommended Long-Term Projects:





Invest in low-flow showerheads and faucets
Invest in central air conditioning units
Expand installed clotheslines
Improve lighting efficiency in public areas

Potential Projects (further research needed on financial feasibility and practicality):
 Install programmable thermostats
 Install tankless water heaters
 Install high-performance windows

Recommendations for Recycling Practices
Detailed information about recycling and waste practices is available in Section 3
In order to make sustainable and lasting change in each of the public housing
communities, we developed the idea of a recycling captain. In these communities, if an adult is
unemployed he or she will need to complete eight hours of community service a month to remain
eligible for public housing. After meeting with Valeretta Roberts, a housing officer, to discuss
the project, we got approval to develop a job description. Orange County solid waste planner
Blair Pollock also was consulted about this position to make sure this proposal will work in the
public housing communities. The job description, monthly assessment, and weekly assessment of
the recycling captain are provided in Appendix J.

Recycling Captain Position:
 Choose a recycling captain in one public housing community as a pilot
 If successful, expand recycling captain position to all communities in Chapel Hill
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Research and Analysis
Section 1: Energy Efficiency and Conservation
1.1Background
Energy efficiency has become one of the most pressing issues in modern society as we strive to
improve the economic and environmental state of our nation. This report focuses on how the
Town of Chapel Hill can contribute to energy efficiency goals by significantly decreasing the
energy usage in its public housing units by implementing long-term energy efficiency
improvements and educating the residents about low- and no-cost energy saving tips.
According to the Department of Housing and Urban Development (HUD), of the $6.8
billion required to operate public housing annually, over $1.5 billion is spent on utilities.1 From
benchmarking data, HUD found seven characteristics that have a statistically significant effect
on building energy use: (1) gross floor area, (2) number of units, (3) building age, (4) presence of
central laundry, (5) climate, (6) percent of building that is heated, and (7) whether or not the
building is a multifamily walk-up. The data also showed that average energy use intensity (EUI)
was higher for public housing than for other U.S. residential areas, (Figure 2).2

Figure 2. Comparison of the EUI of Public Housing and U.S. Residential Areas
Image Source: Benchmarking Utility Usage in Public Housing, p.7.
1
2

Benchmarking Utility Usage in Public Housing. (2007). D&R International, Ltd, p. 3.
Benchmarking Utility Usage in Public Housing, p.7.
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Additional research revealed that energy use within public housing varies significantly
from unit to unit, (Figure 3).3 This suggests that there is an opportunity for public housing
residents to save a significant amount of money from energy efficiency efforts if all households
are able to achieve the levels of energy use closer to those of the most efficient households. As
shown in Figure 3, multifamily walk-up units have the most room for improvement because they
have the largest variance in energy use, although each housing type has potential for savings.
Mayor Thomas Menino of Boston, who implemented the largest public housing energy
efficiency project in the nation, said that reducing public housing energy costs by 10% could
save the United States almost $200 million per year in operating expenses.4

Figure 3. EUI Distribution by Building Type
Image Source: Benchmarking Utility Usage in Public Housing, p. 8.

Given the potential of such large savings from reducing energy usage in public housing
across the United States, there clearly is opportunity to significantly cut costs for the Town of
Chapel Hill by implementing energy-efficient practices in the public housing units of our own
city. According to the United States Department of Energy, a typical American family spends
about $2,000 a year on energy bills; however, by implementing energy-saving tips, such as the
3

Benchmarking Utility Usage in Public Housing, p. 8.
Mayor Menino to Kick-Off Largest Public Housing Energy Efficiency Project in Nation's History. (2010). City of
Boston Massachusetts. Retrieved 17 Apr. 2012 from <www.bostonhousing.org/pdfs/>.
4
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ones provided by the U.S. Department of Energy, those prices can be cut by up to 25%.5 Energy
bill data for a typical public housing unit is harder to come by due to variation in who pays the
bills (the town or the residents), but decreasing average energy usage by 25% in the public
housing units of Chapel Hill would generate tremendous environmental and monetary gains.
While cost savings is the most attractive benefit of energy conservation improvements for
public housing authorities, there are other important reasons for creating more energy-efficient
developments. Replacing old, inefficient equipment with more modern upgrades will increase
the long-term property value of the units and the energy savings from the new installments will
eventually cover their own costs.6 These updates will also increase the comfort, health and safety
of residents. Improvements such as sealing and insulation simultaneously improve indoor air
quality, reduce heating and cooling costs, and keep houses at a comfortable temperature. The
final advantage, which is often overlooked by residents, is environmental protection. Energyefficient housing decreases greenhouse gas emissions and improves air quality by reducing the
need for electric power plants and the burning of oil, gas and propane. Energy conservation also
lessens the reliance on nuclear power plants and the drilling and transportation of oil.7
Currently, public housing tenants in Chapel Hill do not receive any education on energy
efficiency practices. Past success stories (see Section 1.3: Reference Cases) demonstrate that
public housing authorities have combined energy-efficient appliances and resident education to
maximize energy reduction in public housing units. Additionally, the main focuses of successful
housing authority projects have been efficient lighting of both residential and common areas,
low-flow water appliances and efficient water heater systems. Figure 4, taken from the U.S.
Department of Energy, demonstrates that water heaters have the most potential for energy saving
out of all household appliances.8
The potential environmental, social, and economic benefits of public housing energy
efficiency projects make pursuing energy efficiency installments a worthwhile endeavor for the
public housing management of every city in the United States, including Chapel Hill.

5

U.S. Department of Energy. (2011). Energy Savers: Tips on Saving Money & Energy at Home.
Washington, DC. Retrieved February 13, 2012, from http://www.energysavers.gov/pdfs/energy_savers.pdf.
6
Nolden, S., Morse, D., and Hebert, S. Energy Conservation for Housing—A Workbook. (1998). Abt Associates
Inc.. Retrieved 16 Apr. 2012 from <www.abtassociates.com/reports/d19980034.pdf>.
7
Energy Conservation for Housing—A Workbook, p. 1-2.
8
Energy Savers: Tips on Saving Money& Energy at Home.

12

Figure 4. Annual Electricity Use of Household Appliances.
Image Source: Energy Savers: Tips on Saving Money& Energy at Home.

1.2Goals for Energy Efficiency Project
The energy efficiency section of this Capstone project was undertaken in the hopes of
providing as much information as possible to the Town of Chapel Hill about potential measures
to undertake to decrease the energy loads in Town’s numerous public housing communities. We
hoped to enumerate several successful strategies used by other Towns and public entities that are
relevant for Chapel Hill through examining several reference cases. Additionally, we hoped to
create a useful toolkit to help the Town equip tenants with the knowledge and impetus necessary
to reduce energy use. Finally, we aimed to investigate several low-and no-cost solutions that the
Town itself can undertake in the immediate future and in the longer term to further the ultimate
goal of reducing energy use throughout these housing units.

13

1.3Creating a Successful Energy Management Program
The following section is intended to provide some ideas of the most important aspects to keep in
mind when developing a plan for energy efficiency projects. Emphasizing some form of these
points can help keep projects focused, and ensure that any projects undertaken fall within a
strategic framework designed with long-term intentions.
There are many opportunities to significantly decrease energy use in public housing
developments by installing new appliances and systems. However, in order for improvements in
energy efficiency to have the highest impact possible, they must be part of a successful
implementation and maintenance program set up by public housing authorities. Abt Associates,
Inc., a global leader in program implementation in the fields of health, social and environmental
policy, has identified four characteristics of a successful energy management program: clear
objectives and goals, management commitment to saving energy, energy monitoring system, and
ongoing training/education.9
 Clear objectives and goals. In order for an energy management program to succeed in
public housing units, housing authorities need to start with specific, measurable, and
realistic goals for energy conservation.10
 Management commitment to saving energy. Management up to the highest level must
have a strong commitment to reducing energy usage within the public housing
development. Considering that the maintenance staff is highly involved in energy usage,
management must also make sure that maintenance is committed to any energy-saving
plan being considered for implementation.11
 Energy monitoring system. Before implementing any energy saving plans, housing
authorities must compile information on current energy practices within their
development. To measure improvements, energy expenditures and consumption must be
recorded before and after installation of energy-saving systems.12
 Ongoing training and education. Energy managers should be trained periodically about
energy reduction techniques; maintenance staff needs to be familiar with the operation
and maintenance of new energy-efficient equipment; lastly, residents who participate in
educational or informational programs can most productively pursue energy
conservation, saving themselves money and benefitting the community and society.13

9

Energy Conservation for Housing—A Workbook, p. 2-1.
Energy Conservation for Housing—A Workbook, p. 2-1.
11
Energy Conservation for Housing—A Workbook, p. 2-1.
12
Energy Conservation for Housing—A Workbook, p. 2-2.
13
Energy Conservation for Housing—A Workbook, p. 2-2.
10
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1.4Reference Cases
Here we highlighted efforts of other towns and cities, similar to those Chapel Hill might
undertake in order to provide some context about how projects came about and to display a
cross-section of quantitative and qualitative results. We hope that the Town will be able to pick
out some of the most relevant aspects of these cases and use them in formulating a plan for
improving energy efficiency in Chapel Hill’s public housing projects.
Savings from Energy Efficient Appliances

New York City Housing Authority14
The New York City Housing Authority (NYCHA) began an energy conservation
program with a local power utility, New York Power Authority (NYPA), in 1997 in which the
housing authority received 20,000 new “super-efficient” refrigerators every year for four years.
The refrigerators installed in 1997 used 437 kWh per year, less than half of the 1,100 kWh used
by the old refrigerators per year. The energy savings were estimated to be $53 per year; the
refrigerators were $308, yielding a payback of 5.8 years.
As part of the program, NYPA purchased the refrigerators and also financed the removal
and recycling of the old refrigerators. NYCHA makes monthly payments to NYPA on the loan;
to pay for the debt service costs from the refrigerators, NYCHA receives an “add-on” subsidy
from HUD.
Colorado Springs Housing Authority15
As part of an energy-saving program in 1992, the Colorado Springs Housing Authority
installed water-saving toilets. The cost of the toilets for the four-unit building was $632. The
installation of the new toilets resulted in a 35% decrease in total water usage annually (13,160
gallons of saved water), saving the building $182 per year in water and sewer bills. The payback
time was only 3.5 years. Energy audits will reveal which energy-saving installments will be the
most effective for specific public housing developments.

Lighting

Rockwood Public Housing Development16
This project highlights potential benefits from the LED outdoor light replacement project
the Town of Chapel Hill plans to conduct. The Smart Energy Design Assistance Program
(SEDAC) is a program in Illinois that will focus on installing energy efficient lighting in the
Rockwood Public Housing Development. The target area consists of three high-rise buildings
14

Energy Conservation for Housing—A Workbook, p. 7-142.
Energy Conservation for Housing—A Workbook, p. 7-150.
16
Case Study: An Energy Efficient Upgrade Project. (2010). 2010 Public Housing Authority Efficient Living Energy
Program. Retrieved 17 Apr. 2012 from <http://smartenergy.illinois.edu/pdf/Rockford_Case_Study.pdf>.
15
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that contain 521 total units. From July 2008 to May 2009, the Rockford Public Housing
Authority spent $107,512 to pay for the 1,027,724 kWh required to light the common areas of
these buildings. The housing authority planned to update lighting fixtures, lamps and exit signs;
they set out to replace 316 T12 with more efficient T8 fluorescent lighting, 253 incandescent
lamps with CFLs, and 113 incandescent exit signs with LED exit signs. They project annual
savings of 167,060 kWh and $16,706 which is 16% of current kWh usage and costs. They
estimate a 1.9 year payback without incentives and only a 1 year payback with incentives. After
five years, they estimate $83,530 and 835,300 kWh in savings as well as reduction of carbon
emissions by 186 tons. (See section 2.3: Future of Lighting Technologies for more information
on LEDs)

Increasing Long-Term Property Value

Housing Authority of Springfield Massachusetts17
While replacing old, inefficient equipment with new energy-efficient technology seems
expensive, the update will actually generate profit in the long run by increasing the long-term
property value and reducing energy costs. The Housing Authority of Springfield Massachusetts
was able to save about $54,000 per year from more efficient energy and water usage in its 96
units. These savings were accomplished through an energy performance contract with an energy
services company (ESCO) started in 1990. After completing an energy audit, ESCO determined
that the most improvements in energy savings would be achieved through new gas boilers and
hot water heaters, radiator controls, thermostats, and water-saving toilets and shower heads. The
housing authority installed these changes after receiving financing from a low-interest loan
program through the local gas utility. The company guaranteed at least 33 percent in energy
savings, but the actual savings have been about 45 percent, more than $47,000 per year. The
housing authority has saved another $6,500 per year from the 17 percent reduction in water and
sewer costs. After using a portion of the savings each year to repay the loan that financed the
new installations and to pay a management fee to the ESCO, the housing authority kept $10,000
per year over the twelve-year loan period; they used half of these net savings for programs for
the residents.

Effective Management

Chicago Housing Authority18
The case of the Chicago Housing Authority (CHA) demonstrates how efficient
management of energy saving efforts is also important for reduction in energy costs. The CHA
17
18

Energy Conservation for Housing—A Workbook, p. 1-2.
Energy Conservation for Housing—A Workbook, p. 2-7.
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saved millions of dollars simply by finding lower-cost energy supplies and discovering errors in
its utility bills. The housing authority began a process of purchasing gas directly from the
pipeline when gas prices were low and storing gas when prices were high. This resulted in
savings of more than $30 million between the years of 1993 and 1998. Additionally, by entering
into a contract with a new, independent electricity provider called Wisconsin Electric, the CHA
saved over 50 percent on electricity costs (costs dropped from $0.075 per KWH to $0.03 per
KWH). The energy manager of the housing authority also found more than half a million dollars
of incorrect utility charges by conducting periodic utility bill audits.
Energy managers of public housing can significantly reduce energy costs by being
knowledgeable about the utility market and its suppliers, as well as through assessing the validity
of the public housing’s own utility expenditures.

Energy Education

Housing Authority of Springfield, Massachusett,19
Before installing energy-efficient devices, the residents must first be informed on the
planned improvements, why they are happening, and how the changes will benefit them.
Residents also must be notified of the timing of installation of new devices and systems and of
any inconveniences the installations may cause for them. Through a contract with an energy
services company (ESCO), the Housing Authority of Springfield, Massachusetts, held an
interactive workshop run by the energy education coordinator for residents that addressed all of
these components and also taught residents how to operate the thermostats that were to be
installed and provided general energy saving tips.
After the residents are aware of how to use the energy efficient technology and of its
benefits, it is important to keep residents engaged in the energy saving efforts. The Housing
Authority of Springfield, Massachusetts, also employed energy education workshops twice a
year, in addition to the initial workshop, to continue engagement. These workshops reminded
residents of the importance of energy conservation, highlighted energy savings, and allowed
residents to discuss their experience with conserving energy. The coordinator made the
workshops inviting by offering prizes and snacks.
Housing Authority of Danbury, Connecticut20
One method to continue residents’ participation in energy conservation efforts is creating
incentives for practicing energy efficiency. The Housing Authority of Danbury, Connecticut,
accomplished this by setting up a Resident Program Fund for improvements within their public
housing community. At the end of the year, a set percentage of the energy savings is dedicated to
this fund. The money set aside has paid for playground improvements, locked mailboxes,
19
20

Energy Conservation for Housing—A Workbook, p. 2-10.
Energy Conservation for Housing—A Workbook, p. 2-10.
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doorbells, permit parking, and new house numbers on the apartments. Emphasizing that these
improvements were made possible through conserving energy will help motivate residents to
continue to be energy efficient.
Chicago Housing Authority21
The Chicago Housing Authority started a green jobs program in which CHA trained
residents on how to conduct basic energy audits. This program helped residents to become aware
of not only their own energy usage but also that of their neighbors.

Full-Scale Retrofit

Northgate Public Housing in Burlington, Vermont22
This project embodies most all the keys to a successful energy management program in a
public housing development; the weakness of this project is its lack of education on energy
efficiency and resident participation.
This is an interesting case because it was the first non-profit buyout and rehabilitation of
a HUD housing complex. The work towards rehabilitation began in 1981 when residents started
a tenants’ organization to try to achieve lower energy costs, better maintenance, and improved
management. Eventually, public and private organizations came together to buy out the
developer by creating a non-profit organization, called Northgate Non-Profit, with the mission of
incorporating energy efficiency into the development’s rehabilitation. The deal closed on
December 29, 1989 thanks to $21.6 million from major investors.
Northgate Non-Profit established specific goals to achieve energy conservation through
rehabilitation. They aimed to set rents including utility costs to be 30 percent of income and to
rehabilitate the complex to guarantee a long lifespan. In addition to the objectives to improve
energy efficiency, Northgate Non-Profit set goals to maintain diversity within the public housing
community.
The main goal of this project was to fix maintenance issues and basic site functioning.
However, due to the rough condition of the units from maintenance neglect, most of the
rehabilitation efforts served as energy efficient upgrades as well. Energy efficiency proved to be
the most effective means for decreasing housing costs. The poor condition of the development
required that certain projects come first, such as repairing rotting sheathing on roofs, replacing
doors and windows that could not close properly, installing insulation in interior walls, and
replacing exterior wood siding with insulated vinyl siding. After these improvements, funds were
21
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limited so the project manager chose to only implement the energy efficient improvements that
had the shortest payback time while rejecting other improvements. All public housing
managements face the problem of lacking the sufficient funds for all desired projects. Project
managers must decide which improvements will be most beneficial to their specific housing
communities.
The most significant energy-efficient upgrade the project manager chose was the
replacement of old electric baseboard heaters and electric water heaters with 336 gas-fired
boilers that provided space and water heating. The gas-fired boilers save large amounts of energy
because water is only heated when it is needed by flowing over a heating coil rather than being
stored and kept hot for long periods of time, as in electric water heaters. The total source energy
use of Northgate dropped 41 percent after renovations. Also, the utility bills decreased drastically
because relatively inexpensive natural gas is the power source rather than electricity. Despite
these energy savings, meter measurements and energy use comparisons actually showed that
energy consumption increased by 20 percent from heat and hot water use when electric
appliances were replaced with gas powered appliances. This is because electrical appliances are
more efficient than gas ones. However, generating electricity requires energy from burning coal,
gas, or oil, which wastes about two units of energy for each unit of electricity generated.
Therefore with all processes considered, gas powered appliances save more energy than
electrical ones.
This project was made possible through funding for replacing electricity with natural gas
from a local utility company (Burlington Electric), a grant from the U.S. Department of Energy
for energy education and retrofit measurements, an energy specialist to explain new equipment,
and technical assistance from a Lawrence Berkeley Laboratory research team. After closely
analyzing utility bills, the lab research team determined that annual utility costs for the average
unit were cut by almost 50 percent, decreasing from $1,276 to $676.
While the results of this project seem positive, there are some drawbacks. First off, the
improvements in heating systems resulted in the “Take Back Effect.” Since residents were finally
able to afford heat in their homes due to cheaper utility costs, they turned their thermostats up by
about ten degrees on average, decreasing the benefits of the energy conservation installment.
This shows that they did not seem as concerned with the energy savings as the cost savings or
comfort level; this may present a problem in the long-term sustainability of their energy-saving
efforts. Another setback was complications with the installation and operation of programmable
thermostats. These examples show the importance of energy education in retrofit projects so that
residents participate in the energy conservation methods. More recent public housing energy
efficiency projects have a specific focus on teaching residents energy-saving tips, the importance
of energy-efficient developments, and how to operate new equipment.
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Future Developments

Boston Housing Authority23
The Boston Housing Authority efficiency project is a promising recent development that
considers energy education in its remodeling. Mayor Menino announced the largest public
housing energy efficiency project in the history of America. The Boston Housing Authority
facilities are to receive $63 million for improvements in energy efficiency.24 The project covers
three million square feet which includes thirteen housing developments and a total of 4,300
units.25
It plans to replace toilets, showerheads and faucet aerators, install energy efficient
lighting, Energy Star fiberglass windows, cool and reflective roof membranes, and co-generation
and Photovoltaic Electric systems; upgrade or replace old central heating plants; and convert
electric heat to gas. Natural gas systems save energy overall when compared to electrical systems
but they are not as efficient as electrical systems: a typical gas furnace wastes 10-20% of its
energy.26 BHA plans to improve these natural gas systems through boiler plant decentralizations
with steam-to-hydronic conversion, new boiler and apartment temperature controls, new risers
and distribution repair, thermostatic radiator valve or thermostat controls, and steam trap
replacement. They will also standardize equipment in order to simplify operation and
management; for example, they will install a 60 kW packaged cogeneration system to replace all
domestic hot water and provide all electrical output for the development. The output will reach
10 kW solar photovoltaic systems at each apartment building.27
In addition to implementing the new infrastructure measures, residents will be informed,
trained, and placed in an employment program in order for the project to have maximum
benefits.28 Residents will have the chance to work with BHA programs during construction after
receiving education and training for the specific installation and construction plans for their
housing community.
Over the next 20 years, the project is estimated to save the Boston Housing Authority
(BHA) about $56 million in energy costs by reducing water use by 37 percent, natural gas use by
36 percent, and electrical use by four percent.29 The improvements also will reduce CO2
emissions by 13,000 tons each year;30 this carbon reduction is equivalent to the removal of 2,181
cars from the road or the powering of 1,652 average-size homes.31 Additionally, the project will
stimulate the local economy by creating about 600 jobs as the designs are put into place.32
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The project was made possible by a partnership, also referred to as an energy
performance contract, between BHA and one of the leading energy efficiency and renewable
energy services providers, known as Ameresco. Ameresco is providing all of the finances for the
improvements, as well as engineering, designing, and implementing the efficiency measures. To
ensure the long-term success of the project, Ameresco will also be responsible for training
residents and staff in energy efficiency practices, measuring and verifying savings, and
performing site inspections.33 They will be repaid over the 20 years that the contract lasts by
sharing a portion of the savings. Due to the funding from Ameresco, taxpayer money will not
have to be used.34 Due to the predicted energy savings achieved through standardized and
energy-efficient equipment, educated residents, and critical funding from Ameresco, the BHA
energy efficiency development is projected to be successful.

1.5 Long-Term/Ongoing Landlord Projects to Consider
Here we expand upon the recommendations for energy efficiency projects for the Town to
undertake moving forward referenced in our Recommendations section. In order to provide some
relevant applications for some of the least expensive projects undertaken in the background and
projects listed above, we elected to highlight what we found to be the most potentially useful
undertakings for the Town. In order to demonstrate their feasibility and implementation timeline,
we elected to split them into three categories:
 Immediate or Ongoing Projects
 Recommended Long-Term Projects and Investments
 Long-Term Projects for Future Investigation and Review

Recommended Immediate or Ongoing Projects
1. Replace air filters regularly
Clogged air filters force fans to work harder to distribute air throughout duct
systems, which consumes more energy, raising electricity costs. Maintaining a
clean air filter can lower the typical air conditioner’s energy consumption by
anywhere from 5% to 15%.35 The rule of thumb for air filters is to check them at
least every month and replace them at least once every three months.36
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2. Seal Existing Window Units and Other Air Leaks
A great deal of thermal energy can be lost through poorly sealed window units. If
warm or cool air is allowed to escape, the unit will have to work harder to make
up for that loss. Ensuring that all window units are properly sealed and that no
cracks exist is a simple way to better insulate against this kind of heating or
cooling leakage. The same principle applies to regular windows, doors, flues, and baseboards; it
is important to ensure that each residence is as air-tight as possible through caulking, sealing, or
weather-stripping vulnerable areas in order to maximize the efficiency of its heating and cooling
systems.37
3. Vacuum refrigerator coils
Refrigerators are among the most energy-consuming appliances in any home,
consuming about 13.7% of overall energy use.38 Part of the reason they are so
intensive is their consistent energy draw; unlike other appliances, refrigerators’
energy pulls are not intermittent. The coils on refrigerators are responsible for
dissipating the heat emitted by refrigerators; if clogged, the efficiency of the
refrigerator is greatly diminished.39 It is recommended that for optimal
performance, refrigerator coils be vacuumed every six months. We believe that it would be
simplest for maintenance staff to vacuum refrigerator coils during periodic air filter changes
rather than relying on the tenants to do so, especially considering that refrigerators are one of the
appliances provided by the Town.

Recommended Long-Term Projects and Investments
1. Invest in Low-flow Showerheads and Faucets
Showers account for as much as 20% of residential indoor water use in the
United States. In its description of its WaterSense program, the EPA
estimates that as many as 1.2 trillion gallons per year are used in showers,
which is enough to meet all the annual water needs of the states of New York
and New Jersey combined. Installing low-flow showerheads can both reduce the overall amount
of water used during showers and reduce the amount of energy required to heat that water. A
typical American household could save more than 2,300 gallons of water per year by installing
showerheads with a flow rate below 2 gallons per minute (gpm), a savings that some
manufacturers claim can add up to $600 per year in annual utility savings. These translate to
37
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potential nation-wide savings of up to $1.5 billion in utility bills and 250 billion gallons of water
annually.40 Some showerheads installed as recently as the early nineties had flow rates up to 5.5
gpm, which results in huge quantities of wasted water.41
The idea behind low-flow showerheads is to reduce water flow without sacrificing the
quality of showers. There are two primary types of low-flow showerheads, which include
aerating and laminar flow showerheads. The former mix air into the water, creating a mistier
spray, while the latter consolidates streams of water and reduces the occurrence of steam.42
With respect to faucets, the aerator, or screw-on tip, determines the maximum flow. For a
relatively low cost, faucet aerators can be updated and can serve as a very cost-effective means
of conserving water.
 For a list of WaterSense-approved showerheads, visit:

http://www.epa.gov/WaterSense/product_search.html?Category=4
2. Shift from window units to central air conditioners
Air conditioning can account for as much as 15% of energy use in a typical home,
so increasing efficiency of air conditioning units can be enormously helpful in
reducing energy costs. If air conditioning systems are more than 12 years old,
replacing them with ENERGY STAR rated components can cut operation costs by
as much as 30%.43 Deciding between window units and upgrading to centrally
circulated air conditioning systems depends on household size. If one or two people live at the
unit, window units can actually be more efficient if used strategically, since they allow residents
to cool only one or two rooms at a time, which reduces wasted electricity. Individuals are also
more likely to turn window units off due to noise, but central units can be forgotten and
overused. Additionally, window units are not subject to the “duct losses” that often are
associated with central air systems: the cooled air passing through ducts on its way to different
rooms can reduce cooling efficiency by as much as 30%.44 However, the efficiency of window
units can be significantly decreased if cooled air can escape through cracks or openings around
the unit, so ensuring that they are well sealed is integral to their effectiveness.
Nonetheless, central air systems have the capacity to host significantly more advanced
technology than window units, and since they are more efficient at removing moisture from the
40
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air, central air units can be set to a lower temperature than window units without reducing
comfort, which can lead to energy savings.45 Additionally, they use less energy to heat an entire
space, and have been shown to improve indoor air quality due to their more advanced filtration
technology. They are easier to maintain and operate, they are less conspicuous than window
units, are easy to operate, and have a significantly longer life span than window units (window
units generally last from 7-10 years, while central units last from 10-15 years).
3. Increase clothesline installations
Several of the housing complexes currently offer clotheslines, which are
frequently used by residents. However, there is not enough space for all
residents to use these clotheslines, so in order to reduce electricity use from
dryers, the Town would be well served to expand its installed clotheslines in
these areas and advertise both their availability and importance to residents.
As of 2005, there were 88 million dryers in the United States, and if all Americans line-dried
rather than using a dryer for just six months out of the year, 3.3% of the country’s total annual
residential carbon dioxide output would be eliminated.46
4. Improve lighting efficiency in public areas (for lighting inventory, see Appendix L)
We recommend continuing to pursue the option of improving outdoor
lighting efficiency in common areas, using the inventory we conducted of
existing lighting fixtures throughout the 13 public residential complexes
as a platform on which to determine best next steps and the most
appropriate lighting updates.
Long-Term Projects for Future Investigation and Review
1. Programmable Thermostats
If installed, programmable thermostats allow for precise programming to
optimize the efficiency of HVAC systems and to reduce overall heating and
cooling bills without requiring continual adjustment. If properly used,
programmable thermostats can save up to 33% of heating and cooling-related
energy use, which can result in as much as $180 in savings per year in a typical household.47 The
ideal setting for programmable thermostats is an eight-hour daytime setback and 10-hour
nighttime setback of 8F to roughly 68F in winter and increase of 4F to 78F in the summer.
45

Palmer, Brian. "Is central air conditioning more energy-efficient than window units? - Slate Magazine." Slate
Magazine - Politics, Business, Technology, and the Arts - Slate Magazine. N.p., n.d. Web. 17 Apr. 2012.
<http://www.slate.com/articles/health_and_science/the_green_lantern/2011/05/global_cooling.html>.
46
Hughes, Kathleen. "To Fight Global Warming, Some Hang A Clothesline." The New York Times 12 Apr. 2007: n.
pag. The New York Times: Home & Garden. Web. 17 Apr. 2012.
47
"About Energy Star Programmable Thermostats." Honeywell Thermostats - SAVE on Honeywell Programmable
Thermostat. 2012. Web. 17 Apr. 2012. <http://www.honeywell-thermostat.com/FAQ-energystar.html>.

24

Most programmable thermostats come with pre-designed setpoint times and temperatures that
allow the user great facility in saving energy costs, as well as offering gradual temperature
changes to maximize comfort and prevent facing the user with a jarring drop or increase in
household temperature.
One important consideration to make when determining the potential energy savings
achieved by installing programmable thermostats is that if the settings of the thermostat are
adjusted from the pre-set temperatures, it significantly influences the energy savings. In some
cases, energy use in homes outfitted with programmable thermostats actually exceeds that in
houses without them because the automatic settings allow individuals to overcompensate with
decreased or increased temperatures. This can more than account for any potential savings. A
study conducted by Florida Power & Light for the years 2008-2009 showed that 400 homes with
programmable thermostats used 12% more cooling energy than homes without the systems
installed.48 A 2000 report from the Energy Center of Wisconsin concluded that the aggregate
savings from the installation of programmable thermostats is modest at best. 49 In 2009, the EPA
suspended their Energy Star certification for programmable thermostats, claiming they had no
proof providing a credible basis for continuing the certification.50
For the purposes of the Town of Chapel Hill, resources could be conserved by placing
substantial emphasis on training residents about proper temperature setting behaviors before
investing in programmable thermostats.
To assist in determining potential cost savings, Energy Star provides an energy savings

calculator that can be tailored to a housing unit’s specifications, found here:
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=TH

2. Install Tankless Water Heaters
Heating water can account for as much as 30% of an average home’s energy
budget, and standard gas-fired tank water heaters require continual heating of
water, which can be wasteful when hot water is not needed. Tankless water
heating is often suggested as a means to more efficiently heating water, as it runs
through a heat exchanger, which heats on command.51 Some manufacturers claim
48
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that tankless heaters are as much as 22% more efficient than gas-powered models, and can
translate to a savings of $70-$80 per year.52 They save space and eliminate the risk of tank leaks
and water damage that can result from large tanks.
One concern about tankless water heaters is the price: their average total up-front
installation cost runs around $1200, which is considerably higher than the $300 average cost of
gas-fired tank installations. The payback period for some models can exceed their estimated 20year life span. Furthermore, tankless heaters can require more maintenance, and their installation
can entail improving electrical outlets to power their fan and electrical components, upgraded gas
pipes and ventilation systems. Further research is required to determine the price feasibility of
installing tankless water heaters and to identify potential financial incentives to do so for public
entities.
3. Replace single-pane windows with high-performance dual-pane windows
A significant portion of energy inefficiency can come from poorly insulated
windows. ENERGY STAR rated windows can save between $126 and $465 per
year, and can insulate from both heat and noise, reducing energy costs and
increasing comfort.53 However, installing these windows can prove extremely
expensive, especially at the scale of all 336 of the Town’s housing units, so
conducting a cost-benefit analysis to determine the payback period and the longterm gains of the project would be necessary to determine whether this is a worthy investment
for the Town of Chapel Hill.
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Section 2: CFL Replacement Program
2.1Background
Incandescent light bulbs have become the most commonly used light fixture in the United
States since their introduction more than a century ago. More than 95 percent of Americans still
use incandescent light bulbs in their homes.54 Increasing awareness of climate change and cost of
energy production over the last several decades, however, has led to major innovations and
improvements in energy efficient lighting technologies. Compact fluorescent light bulbs (CFLs)
have become one of the most attractive replacements for incandescent light bulbs. Though the
technology has been around since the mid-1900s, CFLs did not receive much attention in the
United States until the past decade. There has been a significant change in the U.S lighting
market toward greater energy efficiency since Congress passed the Energy Independence and
Security Act in 2007.55 According to the Environmental Protection Agency (EPA), sales of CFLs
grew from less than 1 percent of total light bulb sales in 2001 to 20 percent in 2007.56 Despite
this, the use of CFLs in the United States is still much lower than that of other developed nations.
Even in the year 1996, 80 percent of households in Japan and 50 percent of households in
Germany already had CFLs installed.57 CFL markets are also growing in developing countries,
where they accounted for 14 percent of light bulb sales in China in 2003 and 17 percent in Brazil
in 2002.58
Benefits of Using CFLs
The benefits of using CFLs can be seen on the national, community, and individual
levels. Energy efficiency initiatives, such as the Save-a-Watt program implemented by Duke
Energy, can help to increase our nation’s energy security by reducing overall energy demand.
Increasing lighting efficiency can have a significant impact on the national level where lighting,
accounts for 30 percent of all energy usage.1 Furthermore, the use of energy-efficient lighting
technologies can help to reduce environmental pollution and greenhouse gas emissions. This is
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of particular concern in the United States, which accounts for five percent of the world’s
population but 25 percent of greenhouse gas emissions.59
Lighting is responsible for a significant amount of energy usage in residential buildings
and is therefore a good target to promote energy efficiency in Chapel Hill public housing units.
CFLs are designed to fit in the same fixtures as incandescent light bulbs, so they can easily be
installed in residential units, allowing residents to reduce their energy usage immediately.
Save-A-Watt Program
In an effort to promote energy efficiency and create a potential to cut costs, Duke Energy
created a regulatory program aimed toward expanding energy efficiency amongst its customers;
that program is named the Save-A-Watt initiative. Approved in 2008 by the Alliance to Save
Energy (Alliance), the American Council for an Energy-Efficient Economy (ACEEE) and the
Energy Future Coalition, this program seeks to achieve all cost-effective reductions in
electricity.60 In the past decade the population in North Carolina has grown by 18.5 percent.61
Therefore, according to Ted Schultz, the vice president of energy efficiency at Duke Energy, the
question then becomes, “How can Duke Energy meet these needs in the most cost-effective,
environmentally friendly manner?” The solution: reduce energy consumption through energy
efficiency.
The Save-a-Watt initiative was motivated by several key drivers. The first incentive is
lower cost. According to Reid Detchon, executive director of the Energy Future Coalition, “The
Save-A-Watt initiative takes on the region’s energy challenge by pursuing the cheapest source of
supply available—the wasted energy that drives up energy demand and costs consumers
hundreds of millions of dollars.”62 Promoting energy efficiency is a low-cost alternative to
building a new power plant. For example, new energy efficiency programs will cost customers
approximately 10 percent less than the cost of building and operating new power plants.63
Specific to North Carolina, unit 6 of the Cliffside coal plant cost an estimated $1.8 billion dollars
for construction, and in addition to a $100 million annual construction payroll.64
In addition to avoiding cost, the Save-A-Watt initiative is emissions free. According to
Ted Shultz, the environmental benefits of Save-A-Watt supports Duke Energy’s commitment to
reduce the carbon footprint associated with generating electricity. If this program is successful,
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Duke Energy plans to retire approximately 800 megawatts of older, less-efficient coal units. This
aligns well with the Duke Energy 2030 vision, which includes cutting carbon emissions in half.
It plans to reach its goal by implementing efficient coal plant technologies at Cliffside, retiring
1,000 megawatts of old, inefficient coal-fired generation in the Carolinas by 2018, conducting a
carbon sequestration study at the Edwardsport plant and introducing Integrated Gasification
Combined Cycle technology to reduce emissions by up to 45% per megawatt hour.65
Included in the Save-A-Watt initiative are five programs proposed for residential
customers. One of these five programs, called the Smart Saver program, includes incentives to
install compact fluorescent light bulbs (CFLs).66 In 2010, Duke Energy distributed 10.5 million
CFLs. The replacement of CFLs saved the “equivalent of almost 45,000 homes being powered
for a year, and offset the same amount of CO2 as taking 70,733 cars of the road for a year.”67 In
reference to Chapel Hill public housing, Duke Energy distributed 3,800 CFLs to Chapel Hill
public housing free of charge. These light bulbs were then installed into the 336 public housing
units, with 12 bulbs installed into each individual unit.
After this initial distribution by Duke Energy, it is now the responsibility of Chapel Hill
to maintain energy efficiency among its residents. Furthermore, a participation agreement with
Duke Energy must be signed wherein the receiver of the CFLs must abide by the terms specified.
Examples include: install the CFLs in high use locations, agree to have maintenance staff
perform the CFL installation, install the CFLs within sixty days of receiving light bulbs,
understand that CFLs shall not be removed unless defective or requested by the tenant.68
We created a pamphlet to inform the tenants about the Save-A-Watt program. This was
the main deliverable produced to improve the lighting efficiency of Chapel Hill public housing
units. The pamphlets were distributed during installation of the CFLs. Information provided by
the pamphlet included: why the CFLs were used, potential cost-savings of using CFLs, and how
to properly use and dispose the bulbs when broken.

2.2Project Goals
This section of the capstone report focuses specifically on the CFL distribution program
sponsored by Duke Energy, the energy provider for all of Chapel Hill’s public housing units.
The Town of Chapel Hill is working to implement this initiative by providing free
services to install and recycle CFLs for all the public housing tenants. To inform the Chapel Hill
public tenants about this program, the team created a pamphlet providing an overview of the
program and distributed it to the each housing unit during installation of the CFLs (see
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Appendix D). Further analysis and in-depth research on the costs and benefits of replacing
incandescent light bulbs with CFLs in Chapel Hill public housing units is provided in this section
of the report. This is accomplished through lighting technology comparisons and environmental
impact and health safety analysis. Finally, the research and data provided will be used to provide
suggestions for how to continue the CFL replacement project in the long run and to make
recommendations on other projects that can be initiated to further increase energy efficiency
among the Chapel Hill public housing community.

2.3Energy Analysis
This section is designed to quantitatively enumerate the energy and cost savings associated with
the use of CFLs.
Incandescent and CFL bulbs differ
in the way in which they produce energy.
Incandescent light bulbs produce energy
by heating a metal filament, usually made
of tungsten, to temperatures that enable
the emission of visible light (Figure 5).
Also, inside the light bulb is the inert gas
argon, which keeps the tungsten atoms
from evaporating out of the filament and
onto the inside of the glass. However,
because incandescent light bulbs give off
most of their energy in the form of heatcarrying infrared light photons, a
substantial amount of energy is wasted.69
While incandescent light bulbs run an electric current through a filament, compact
fluorescent light bulbs run a current through a tube containing argon and a small amount of
mercury vapor (Figure 6). When this current comes into contact with the two gases ultraviolet
light is generated. The generated UV light then excites a fluorescent coating called phosphor on
the inside of the tube.70 Phosphor is a powder-like mixture of elements that converts UV rays into
visible light. Therefore, once the UV rays excite the phosphor, visible light is produced and
ready for use. Overall, this process decreases the amount of energy that is lost as heat, thus
increasing the energy efficiency of CFLs.
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Figure 6. Components of a CFL
Image Source: Energy Star

Cost Savings
Compact fluorescent light bulbs use less power to produce the same amount of light as an
incandescent light bulb. This can then lead to savings in energy bills. Replacing a standard 60W
bulb with a 13-15 watt CFL can save a single household approximately $30 in energy costs over
the life of the bulb.71 While there is a lower initial cost for incandescent light bulbs, they last
about 800 to 1,500 hours; meanwhile, a CFL can last as long as 10,000 hours.72 On average
CFLs last approximately ten times longer than their incandescent counterparts. The lifespan of
the CFL alone pays for its initial cost. Figure 7 represents the comparison in cost of CFLs versus
incandescent light bulbs based on their lifespans and efficiency differences.
Lifetime cost is calculated by multiplying the wattage of a bulb by the expected lifetime
of a CFL and the average electric rate. The average Duke Energy electric rate costs $.093 per
KWh. The expected lifetime and cost of a 13W CFL is 10,000 hours and $3.00, respectively. The
expected lifetime and cost of a 60W incandescent is 1,000 hours and $0.50, respectively.73
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Cost of 60W incandescent over 10,000 hour lifespan:

Cost of 13W CFL over 10,000 hour lifespan:

Total Potential Savings:
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Lifetime* Cost of Incandescent Light Bulbs vs
CFLs
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*Based on a 10,000 hour lifetime equivalent

Figure 7: The figure above represents the potential cost savings of using one CFL that have is expected
to last as long as ten incandescent light bulbs. As shown in the previous sample calculation, an
incandescent light user can expect to pay $45.65 more than someone who uses a CFL over a 10,000 year
lifespan.

2.4Health and Safety Hazards
It is important to consider some of the potentially negative ramifications of CFL use in addition
to the energy savings they offer. Emphasizing proper disposal practices of these bulbs will be
critical to reducing the chances of hazardous waste contamination and potential negative health
effects associated with broken and spent bulbs.
Mercury Content
CFLs are composed of a glass tube filled with gas and up to 4 milligrams of mercury. 74
Currently no material has been found to be as energy-efficient as mercury in producing light.
Because mercury is an essential component of CFLs and plays a key role in their energy
efficiency, future improvement in CFLs can only reduce the amount of mercury contained in the
bulbs.
CFLs with less than 0.5 milligrams of mercury per light bulb have already been
manufactured.75 This amount of mercury in CFLs is extremely small in comparison to older
thermometers and dental amalgam fillings, both of which contain about 500 milligrams of
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mercury.76 Nevertheless, mercury is an extremely potent neurotoxin that can easily be inhaled or
absorbed through the skin. For this reason, any exposure to mercury—especially among children
and pregnant women—should be minimized.
Mercury is released only when CFLs are broken. As long as a glass tube is intact, no
mercury is released from a CFL when it burns out. Most of the mercury vapor inside the CFL
will bind to the inside of the bulb when it is broken, while about 11 percent of the vapor is
released into the environment.77 The immediate exposure to mercury from a broken bulb can be
harmful. Mercury vapor concentrations released by a broken bulb can be 2-8 times higher than
the average 8-hour occupational exposure limit allowed by US health regulations.78 Because
CFLs often break in trash containers and during transport in waste trucks, waste handlers are at
greater risk of mercury exposure. One of the biggest challenges companies and the federal
government have to address with the use of CFLs is how to effectively enforce proper recycling
of broken CFLs to minimize mercury exposure especially among workers who are repeatedly
exposed to broken CFLs.
Recycling Programs
Compact fluorescent light bulbs, similar to batteries and paint, must be disposed of with
care. Due to the mercury contained within these bulbs, it is imperative they not be thrown away
with household garbage. All 336 housing units are serviced by a maintenance staff. If a CFL
burns out, the resident must contact maintenance, who will properly recycle the bulb. When the
CFL reaches the recycling center, all of the components are separated and typically resold to
manufacturers.79
Some states, counties, and cities have made it illegal to put CFLs in the trash, while the
practice is legal in most states.80 Households in Orange County are exempt from state regulations
on the disposal of CFLs. They are, however, encouraged to bring burned-out CFLs to the local
hazardous waste collection site at the Orange County landfill located at 1514 Eubanks Road in
Chapel Hill.81 In addition to local hazardous waste collection sites and recycling centers, many
large retailers, such as Lowe’s, IKEA and Home Depot, have volunteered to serve as drop-off
sites that collect and recycle broken and burned-out CFLs. A search on Earth911.com will
produce a list of multiple retailers and companies that are willing to collect broken and burned
out CFLs at drop-off sites or through mail-in programs.
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The demand for more effective infrastructure to safely collect and recycle CFLs will
continue to increase as the market for CFLs continues to grow in the United States. Currently,
efforts to ensure that CFLs are safely disposed of and recycled have mainly been made at a local
level where programs that collect and recycle CFLs are easier to implement and account for.
CFL recycling initiatives at the local level is seen in the Town of Chapel Hill where free service
is provided to all public housing tenants to help clean up and install new CFLs in the public
housing units. To inform the tenants of this service, a CFL pamphlet containing the contact for
maintenance was distributed to each household during the initial replacement of incandescent
light bulbs with CFLs. Furthermore, these pamphlets also outlined instructions recommended by
the EPA on how to minimize mercury exposure from broken CFLs. Some of the suggestions
provided include opening the windows, leaving the contaminated area, shutting off heat and air
conditioning, and not using a vacuum to clean up the broken pieces.82

2.5Comparison to Incandescent Bulbs
This section provides an overview of how CFLs stand up to incandescent bulbs with respect to
technology, functionality, lifespan, cost of use, and environmental costs.
Technology
Incandescent lights, on the other hand, produce visible light by directly heating a metal
filament inside the bulb to extremely high temperatures. During the process of heating the metal
filament, only 5-10 percent of the electricity is actually transformed into visible light, while the
rest of the energy is lost as heat.83 Because CFLs do not rely on heating a solid object to produce
light, they use 25 percent of the electricity used by incandescent lights to produce the same
amount of light.84
CFLs can last up to 10 times longer than incandescent light bulbs. Their lifespans,
however, range from four to ten years due to the large variety of CFLs that can be found in the
current market.85 The US Department of Energy found that a 27-watt CFL will save a consumer
more than $60 dollars over its lifetime and eliminate the need for the consume to purchase ten
incandescent lamps that would be required during the same lifespan.86
There are some limitations to the use of CFLs as well. CFLs perform best indoors and
last longer when they are not turned on and off often. Unlike incandescent light bulbs, which can
be turned on immediately, the CFL ballast, used to initiate and regulate CFL light emission,
generally takes 30 seconds to 3 minutes to complete.87 Some magnetic ballasts of older CFLs
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also produce a noticeable buzzing noise though these ballasts have mostly been replaced by
electronic ones in modern CFLs. Lastly, special CFLs must be purchased if they are to be used
with a dimmer switch or installed outdoors. As the sales of CFLs continue to increase, it is likely
that these limitations of CFLs will continue to be addressed. Furthermore, increased sales will
also help to reduce the cost of these light bulbs in the future.
Air Pollution and Waste Reduction
Most of the opposition against using CFLs has been associated with the use of mercury in
their production. However, studies have shown that using CFLs actually results in a net decrease
in mercury emissions due to the reduction in coal power plant energy usage. Approximately 50.7
tons of mercury was emitted by coal-fired power plants in 2006; this is equivalent to the amount
of mercury that would be found in more than 9 billion CFLs. 88 It is important to note that the
amount of mercury saved through the use of CFLs might not be significant if energy used by the
consumers is produced through renewable sources. Because coal-fired power plants currently
supply approximately half of the United States’ electricity demand, the use of CFLs will help to
reduce the amount of mercury released into the environment overall. Assuming a conservative
estimate of 8,000 lifetime hours, a 13 watt CFL will save more than 376 kWh over its lifetime
and produce 4.3 mg less mercury than a 60W incandescent light bulb.89 Mercury trapped in a
CFL can also be released into the environment when it is improperly disposed of. When a CFL
ends up in a landfill, it will produce about 1.2 mg of mercury. 90 Mercury recovery is maximized
when CFLs are properly recycled (see “Recycling Programs” section).
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Figure 8: Mercury emission from CFLs versus incandescent light bulbs. Data Source: Energy Star4
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Duke Energy uses a mix of resources to produce Chapel Hill’s energy, including nuclear,
coal-fired, oil and natural gas-fired, and hydroelectric power plants.91 Mercury released by
natural gas power plants and hydroelectric power plants is negligible, while the amount of
mercury released by coal and oil power plants can be significant.92 In addition to mercury, coal
power plants produce carbon dioxide, sulfur dioxide, and nitrogen oxides.93 Burning oil and
natural gas in power plants will produce methane in addition to the greenhouse gases produced
by coal power plants. To put things in perspective, replacing one incandescent light bulb with an
Energy Star CFL in every American house would prevent up to 9 billion pounds of greenhouse
gas emissions per year.94
Longer lifespans translate not only to a reduction in energy usage and greenhouse gas
emissions, but also a reduction in the amount of waste that is produced from broken and burned
out light bulbs. CFL recycling produces glass, ferrous and nonferrous metals, and fluorescent
powders that contain mercury.2 Most of these materials can be reused, but they are of no value to
the recycler. For this reason, cooperation between light bulb manufacturers and the recycling
industry is necessary to ensure that the materials recovered from broken CFLs are reused and
easy to disassemble.

2.6Conclusions
This section summarizes the findings of the CFL team after having created an informational
pamphlet for distribution, and includes suggestions of focus areas for future expansion of CFL
use in Chapel Hill public housing. This is particularly relevant in light of the discussion of the
future of lighting technology: CFLs could very well be an intermediate solution to a larger
problem. More advanced lighting technology using LEDs or other techniques might prove to be
an effective long-term solution to some of the issues CFLs pose.
Bulk distribution of CFLs is an effective method to immediately increase energy
efficiency in the housing units. However, after the initial distribution, the success of this effort
will primarily rely on the tenants’ willingness to continue their usage of CFLs. To encourage this
behavior, the tenants will need to be informed of the benefits of using CFLs. In addition, safety
concerns related to CFL usage also should be addressed in education efforts.
The lighting pamphlets produced by the capstone team were distributed only to the
current tenants who were present during the initial implementation of the Save-A-Watt program.
This will not ensure that the future tenants will also be informed about benefits they will receive
by investing in CFLs. Even with the distribution of the pamphlets, safety can continue to be a
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potential issue as tenants may not feel the need to contact maintenance when a CFL breaks. The
concern for safety is even greater when new tenants are not educated about the proper use and
disposal of CFLs in the housing units. One broken CFL was collected during the waste audit
conducted at Airport Gardens. This indicates a further need to inform the tenants on how to
properly dispose of CFLs.
There are several recommendations to address the above concerns. First and foremost, all
tenants, current and future, should be educated on the correct use and disposal of CFLs. This
education can be provided in the form of pamphlets. Distribution of the energy efficiency
pamphlet during orientation is an effective way to ensure that all future tenants will be able to
receive the necessary information on CFL usage. This solution may prove to be an effective
method to encourage the long term usage of CFL bulbs among the public housing tenants.
Future of lighting technology
Concerns over mercury exposure and the quality of light produced by CFLs have spurred
the search for an even more efficient and emission-friendly lighting technology. In 2007, the
Energy Independence and Security Act (also known as the Clean Energy Act) was passed to
increase energy independence and security in the United States. This allowed the U.S.
Department of Energy to initiate the Bright Tomorrow Lighting Prize (L Prize) competition,
which challenged the lighting industry to develop lighting technologies that are even more
energy efficient and higher performing than current technologies. The first L Prize award was
given to Philips Lighting for its development of the light-emitting diode (LED). LEDs are
significantly more energy efficient and longer lasting than CFLs. Lower energy usage in LEDs
also translates to lowered CO2, sulfur oxide, and mercury emission from power plants. Unlike
CFLs, LEDs are not sensitive to low (under 10oF) or high temperatures (over 120oF), or
humidity, and their lifespan do not decrease when the light switch is frequently turned on and
off.95 LEDs are also more durable and dimmable, emit less heat, and do not produce any
hazardous waste materials as well. While LEDs are more reliable, efficient, and longer lasting
than CFLs, this lighting technology is not widely distributed in stores and can cost up to $50 to
replace.96 LEDs are a promising light source for consumers and their usage will likely increase in
the future. As of now, CFLs appear to be the best replacement for incandescent light bulbs. This,
however, can change in the future with greater development in LED lighting technology and
increasing market demand for this product.
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Incandescent
Light Bulbs

CFLs

LEDs

1,200 hours

8,000 hours

50,000 hours

60 watts

13-15 watts

6-8 watts

3,285 KWh/yr

767 KWh/yr

329 KWh/yr

$328.59/yr

$76.65/yr

S32.85/yr

Energy Efficiency & Costs
Average Life Span
Energy Equivalent to a traditional 60-watt
bulb
Kilowatt hours of Electricity Used (30
incandescent bulbs per year equivalent)
Annual Operating Cost (30 incandescent
bulbs per year equivalent)

Mercury Content
None
4.0-0.5 mg/bulb
None
Carbon Dioxide Emissions (30
incandescent bulbs per year)equivalent)
4,500 lbs/yr
1,051 lbs/yr
451 lbs/yr
Figure 9: Lifetime, energy, mercury, and carbon dioxide comparison between incandescent, CFL, and
LED bulbs. Data Source: http://www.designrecycleinc.com/led comp chart.html
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Section 3: Recycling
3.1  Background
This section focuses on the current status of recycling in the Town of Chapel Hill’s Public
Housing. Our recommendations for the Town of Chapel Hill and the Orange County Solid Waste
Management will help to increase recycling at public housing units in Chapel Hill.
Our method consisted of the following steps:
 Interviews: We elected to interview members of the community who are stakeholders
and past Capstone team members who did similar projects.
 Site Selection: Given their recommendations, we decided to work with one public
housing unit, Airport Gardens.
 Waste Audits: We completed two waste audits at Airport Gardens to determine how
much the residents are recycling and whether their recycling is in the appropriate places.
 Interventions: In between the two waste audits, we worked with the community by
handing out nine-gallon recycling bins, distributing the Town’s recycling flyers, creating
and posting two posters that inform tenants about correct recycling practices, and
spending an afternoon playing with and teaching children in the community about
recycling.

3.2  Goals for Recycling Project
The recycling sub-team of this Capstone project aimed to assess the current recycling
practices in Chapel Hill’s public housing units in order to create effective and targeted strategies
to improve them in the future. In implementing our intervention and assessing its success and
making recommendations, we hope to provide some context and evidence that the Town can use
in strategizing methods to improve recycling in public housing moving forward.

3.3  Interviews
Following are summaries of interviews conducted with various members of the Chapel Hill
community with expertise on the topic of recycling, which were used as reference in the
developing of a strategy for our recycling analysis and intervention.
Interview with Tina Vaughn:
We conducted an interview with Tina Vaughn on February 9, 2012 at 3:30 pm at the
Department of Public Housing in Chapel Hill in order to introduce the capstone team, discuss our
ideas, and hear her priorities when it comes to recycling in the Public Housing Units. Ms.
Vaughn liked the idea of developing a children’s program at the housing units as well as finding
a recycling captain to make the project more sustainable. She said that each unit might have their
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own issues and barriers to recycling, she encouraged us to go back to Airport Gardens and work
there. She was excited about the project and hoped that we could outline steps to translate the
work that we did in the Airport Gardens community to other Public Housing units in Chapel Hill.
Interview with Will Leimenstoll and Kaitlin Finan:
Will and Kaitlin were a part of the Spring 2011 Capstone Team that worked on the
project “Recycling in Apartment Complexes – Examining Recycling at Family and Student
Complexes in Orange County, NC.” In our discussion with Will, we learned that his capstone
team had worked in a Green Public Housing Complex (Airport Gardens). Will suggested that we
meet with Kaitlin Finan. Will mentioned their idea of EcoReps at the apartment complexes,
which was the original idea for the recycling captains. Kaitlin Finan came to our class one
morning to talk more about working in the Airport Gardens community. She advised us that
there wasn’t a general manager whom we needed to contact at Airport Gardens. She also shared
that they had conducted a recycling audit at Airport Gardens and their data was included in their
final report.
Interview with Blair Pollock of Orange County Solid Waste Management:
We met with Blair Pollock to discuss the most effective ways to assess and improve
recycling practices throughout Chapel Hill public housing, including ways that CFLs can be
recycled We discussed conducting a waste audit at Airport Gardens, learned about the different
housing units, the different supplies and materials available to us, and other resources and people
to talk to. He recommended doing a waste audit at Airport Gardens as well as distributing the
green bins.

3.4  Waste Audit
In order to quantitatively assess recycling and waste behavior at Airport Gardens, as well as
tentatively examine the efficacy of all recycling interventions, we performed a baseline and
endline waste audit. Following is the description of the process of our two audits and our
reported findings.
Trash pickup at Airport Gardens occurs on Tuesday and Friday of each week. Balancing
our desire to capture as much trash as possible in a waste audit with the need to begin our
interventions, we decided to perform a waste audit on Thursday, February 23rd. Thus, there were
two days’ worth of trash in the dumpster at the time of the audit. This audit served as the baseline
survey of waste management at Airport Gardens, performed before any intervention had been
implemented.
Airport Gardens has 26 units that rely on one trash dumpster, one cardboard dumpster,
and four large rolling recycling bins (two for cans and bottles and two for paper) for their waste
management. Immediately preceding the audit, a notice was left in the door of all units alerting
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the tenants about the waste audit, the reason it was being implemented, and the forthcoming
distribution of recycling bins. Please see Appendix E for a copy of the distributed letter.
Under the direct supervision of Mr. Pollock, we divided all trash in the dumpster into
four categories: hazardous waste, cans/bottles, clean paper, and other. At the same time, we
performed an informal audit of all materials in the recycling bins. Given the limited scope of our
project, we did not analyze the cardboard dumpster. The results of the baseline waste audit on the
trash dumpster are summarized in Figure 10, with results from the informal recycling bin waste
audit summarized in Figure 11.

Figure 10. Waste Audit Dumpster Results
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Figure 11. Waste Audit Recycling Bin Results

Overall, results from both audits confirm much of the qualitative information we gathered
through informal interviews with the capstone team from last year: low recycling rates, but low
contamination rates (defined as recyclables in trash, non-recyclables in recyclables, and
hazardous waste in either). Generally, the endline results support the hypothesis that the
interventions had a positive effect on contamination levels, with a net reduction of 4% for trash
and 4% for recycling. In terms of overall amounts, trash data are inconclusive (since not all bags
in the dumpster were weighed), but the recycling bin waste audit shows a 50% decrease in
recycling, from 20.5 kg in the baseline to 9.1 kg in the endline.
In direct observations, we noted that many of the recyclables in the trash dumpster were
“adult” in nature, with items such as alcoholic beverages or prescription pill bottles making up
the majority of contaminants. Likewise, many of the recyclables in the recycling bins were either
“adult” or “child” or “household” items, hinting that one of the main focuses of any future
recycling interventions could be best directed towards adults in the community.
Despite the fact that all findings remain tentative due to the small sample size, this data
does help to provide a more comprehensive and quantitative foundation for recycling and waste
behavior at Airport Gardens.

43

3.5 Recycling Bin Distribution
Below is the description of our intervention, during which we distributed recycling bins to
residents of Airport Gardens with the hope of heightening the likelihood of proper recycling
habits by increasing convenience to the greatest extent possible.
On February 26th, three days after the baseline waste audit, we distributed 11 nine-gallon
recycling bins to tenants in Airport Gardens. The bins are provided by Orange County Waste
Solid Management and are loaned indefinitely to the Airport Gardens community. These bins are
18” long x 12” wide x 14” tall and are meant to serve as a convenient vessel in which to store
recyclables before the eventual deposit into the outside large community recycling bins. See
Figure 12 below for a photo of the recycling bin.

Figure 12: The Recycling bins distributed by Orange
County Waste Solid Management.

In order to receive a bin, tenants were required to sign a “Recycling Bin Acceptance
Form” (see Appendix F) stating that if they were to leave Airport Gardens, the bin should
remain at the apartment or be turned in to the Chapel Hill Public Housing Office. In total, 11 bins
were distributed to tenants. Tenants that we spoke to responded positively to our recycling
information, as well as the opportunity to accept a recycling bin. Of all the tenants that we made
direct contact with, only 1 tenant rejected the offer of a bin. Notes (see Appendix G) describing
the bin, its benefits, and our contact information were left for the remaining 14 apartments who
did not answer the door, should they want to request a bin. As of April 28th, no one has called to
request a bin.
On a positive note, a previous capstone had distributed recycling tote bags to the
community and several tenants mentioned these bags when we stopped by to offer recycling
bins. From these comments, it could be extrapolated that Airport Gardens comprises a binary
population, with one sample recycling most recyclables (based off an imperfect understanding of
recyclables) while the other sample does not recycle at all. The recycling bins serve to facilitate
and make easier the process of recycling, but their presence in the tenants’ homes also acts as a
constant reminder to recycle, hopefully increasing general uptake within the community.
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3.6 Recycling Education
In addition to distributing recycling bins, we elected to engage some of the younger residents of
Airport Gardens with an afternoon of recycling-related activities, to gauge their interest in and
knowledge of the topic and to see how they responded to our intervention efforts.
Between the first and second waste audits, we worked with the community at Airport
Gardens to raise awareness and education about recycling. Airport Gardens is made up of 26
units and during our time there during the waste audit we noticed that a lot of children lived at
Airport Gardens. We developed three approaches for educational outreach:
1. Recycling Distribution: Handing out 9-gallon green recycling bins for use in the
individual homes.
2. Posters: Creating two large, bright posters to hang up at Airport Gardens to show what
can and cannot be recycled.
3. Flyers: Handing out flyers, given to us by the Town of Chapel Hill, about what can and
cannot be recycled.
4. Programming for Kids: Hosting a recycling active learning lesson with the Children at
Airport Gardens on a Sunday afternoon.
As mentioned in the section above, the recycling distribution was first on the list of action
items, followed by the distribution of fliers (See Appendix I for the recycling flier). During our
discussion with previous capstone groups we learned that clear, large, and bright signage was an
effective action item, so we created two posters outlining what can and cannot be recycled and
hung them outside by the recycling bins as a continued reminder (See Appendix H for pictures
of the “Yes” and “No” posters). Out third action item involved working with the children of the
community to talk to them about what they knew of recycling and to teach them about recycling
in their community.
On a Saturday afternoon, one team member went around to all of the units at Airport
Gardens to let the children and parents know that we would be coming the next day, March 25 to
spend 40 minutes talking about recycling and playing recycling games. On March 25, between
10 and 15 children (some came and went) met us on the basketball court at Airport Gardens.
Their ages ranged from 4 to 13. The first activity we did was just taking to them about recycling,
if they knew what it was, what could be recycled, and what couldn’t be recycled. During this
conversation we learned two key things from talking to the children:
1. Typically, children are the ones who take out the trash for the household.
2. Many of the children learn about recycling in school, so there was a basic level of
existing knowledge about the importance and logistics of recycling.
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Next, we walked with the children over to the recycling bins in their community. We
asked the children to show us the recycling bins for paper, for cardboard, and for cans and
bottles. We taught them how to use the “Yes” and “No” signs that we had placed at Airport
Gardens a few weeks earlier. To end the afternoon, we played a recycling game that involved
sorting recycling and playing basketball. When the game was over we sat down for another five
minutes to hand out workbook pages that we had printed from the Recycle Guys activity website
(http://www.recycleguys.org/about.html) to let them work through during their free time. It was a
very productive afternoon and working with the children seemed to be a positive way to enact
change.
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Section 4: Orientation Video
The final task for this capstone project was to create a 3-5 minute orientation video for new
tenants to educate them on energy efficiency, with the goal of reducing electricity and water
consumption. This represented the culmination of much of the research conducted to populate
this report, and presented an opportunity to channel our gathered information into a
comprehensive, straightforward, tenant-focused multimedia form.

4.1 Goals for the Video
There were several major steps involved in the development of and creation of the video:
1. Determining the most important energy efficiency practices to incorporate into the video.
2. Creating a style for the video that will incorporate these choices with the goal of
increasing information retention compared to other components of the orientation video.
3. Creating a simple script from the above steps.
4. Filming to best convey the identified techniques.
5. Editing the footage together in an effective and easy-to-follow way with narration to
explain what each technique has to offer tenants in terms of saving money.
After the final edits, the video was burned to a DVD for the Town to show at monthly orientation
sessions for new tenants and posted online where tenants can view it. We hope that providing
tenants with continual access to the video will encourage them to implement these sustainable
techniques by serving as a useful reminder. Digitizing the video also allows for future expansion
of the video as a series, as more videos can be uploaded and the tenants can have access to all of
them—a powerful method of dispersing and sharing information.

4.2 Fact Finding
The first step in the process was to determine what tips and techniques we would be
presenting and demonstrating in the video, and the majority of this came from research. Merging
our fact finding with other group sub-teams provided us with the following list of energy-saving
tips that we identified as useful to the tenants, free or low-cost, and feasible to implement:

Electricity use:
1. Turn off lights when leaving a room
2. Use CFLs instead of incandescent light bulbs
3. Plug appliances into power strips to avoid “vampire energy” loss

Heating and Cooling:
1.
2.
3.
4.
5.

Turn down heat at night or when house will be empty
Keep vents uncovered
Use fans instead of ACs
If using window ACs, make sure completely sealed around unit
Replace furnace filters (This may be a job for maintenance)
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6. Use passive heating via south-facing windows
7. Conserve heat by covering east and west-facing windows
8. Close shades at night to retain heat

Washing/Drying:
1.
2.
3.
4.
5.
6.

Clean lint filter after every load
Use shorter wash cycles to conserve hot water
Dry clothes on clothesline
Only use full loads in washing machine or dishwasher
Take short showers because hot water is costly
Don’t leave sink faucets running, like when brushing teeth

Refrigerator/Freezer
1.
2.
3.
4.

Keep fridge/freezer door open as short a time as possible
Let food cool off before putting into fridge
Set fridge and freezer to optimum temperatures (35F, 0F)
Check and clean fridge coils regularly

4.3 Style
Style was a significant consideration in creating this video. We emphasized the
economic effects of sustainable practices via an animated utilities “meter” on screen that adjusts
up or down for each activity shown. It will drop and be colored green if a preferred action is
being promoted, and it will rise and turn red if the particular action being shown is being
discouraged by the video, acting like a thermometer for energy use. Our goal was to create a
visual guide where the skills could be understood even if the audio was muted. This helps
reinforce the concepts in a visual paradigm, and also benefits any non-English speaking audience
members, who according to demographic data can make up a significant share of the new
tenants.
The video itself consists of three segments pertinent to energy efficiency and overall
utility consumption: energy/lighting, HVAC use, and water use. By instructionally illustrating
and targeting certain actions to reduce usage or increase recycling, the video promotes these
actions as free, money-saving alternatives to the preferred practices, some of which are gently
warned against in the video. The Energy/HVAC section features numerous simple skills and
techniques to save energy, going from room to room and task to task. They are displayed as
short (10-20 second) video clips demonstrating the action or technique, have voiced-over
narration explaining the technique, and are strung together in a logical manner so as to ensure
ease in learning, memorization, and implementation.
See Appendix M for the video script.
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Appendices
Appendix A:
Background Information for Tenant Pointers & Best Practices
This appendix consists of aggregated background research we conducted to assist in creating the
tenant pamphlet to be distributed at orientation. In our recommendations and in our pamphlet
we were not fully able to address all the elements we uncovered in our research, so we compiled
the information to provide further background.
 Use power strips and unplug appliances
 Almost all electronic devices like computers, televisions, stereos, and DVD players draw
power even when not in use, wasting energy and money97
 Main culprits tend to be electronics with remote controls or external light displays (e.g.
clock radio)
 Passive energy flow often referred to as “vampire” energy, or a “phantom load”
 Power strips are useful for groupings of appliances or electronics that are usually used in
conjunction with one another
 There are as many as 20 vampire energy sources in any particular household, wasting as
much as 5% of overall household energy use98
 Output of approximately seven coal-fired power plants is used each year in this passive
energy flow
 Turn off the lights when leaving a room






Artificial lighting uses about 15% of home’s total energy use99
The most cost-effective measure is to turn off lights when they’re not in use
There is some debate about the cost- and energy-effectiveness of turning lights on and off
constantly with respect to reducing bulb lifetimes and energy required to illuminate
bulbs, but ultimately, the discussion is largely semantic100
Equally important to emphasize is reducing the number of lights being used in a room at
any given time

97

Orloff, J. (n.d.). Using Power Strips Saves Energy. Save Energy - Tips and Advice for Saving Energy . Retrieved
April 17, 2012, from http://saveenergy.about.com/od/productreviews/qt/powerstrip.htm
98
Use a Smart Power Strip to Fight Vampire Power | Sustainablog. (2010, June 22). Sustainablog. Retrieved April
17, 2012, from http://blog.sustainablog.org/2010/06/smart-power-strip-vampire-power/
99
Lose Your Excuse Facts. U.S. Department of Energy. Retrieved April 17, 2012, from
http://www.loseyourexcuse.gov/docs/lyefacts.pdf
100
Energy Savers: When to Turn Off Your Lights. (2012). EERE: Energy Savers Home Page. Retrieved April 17,
2012, from http://www.energysavers.gov/your_home/lighting_daylighting/index.cfm/mytopic=12280
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 Take advantage of natural daylight
 Does not only relate to new construction: benefits to raising awareness to reduce
electricity (lighting) and heating demands as much as possible
 Allow sun into house during winter months and block it during summer (especially on
East-West facing windows, which allow a great deal of heat and glare to enter)
 North and South facing windows are most advantageous in terms of potential gains in
wintertime101
 Put computers on sleep/hibernate mode and avoid screensavers
 Computers are subject to the same vampire energy problem as other appliances – they
should not be left plugged in
 Screen savers can sometimes use as much as or more energy than if the screen were
active; should be avoided
 Possible to save as much as $75 per computer by activating standby/hibernate features 102
 Activating computer’s energy saver preferences can extend battery life, thereby reducing
the amount of time and electricity spent on charging the battery
 Conscientious thermostat settings
 Possible to save as much as 10% annually on heating and cooling bills by turning
thermostat back 10-15 for eight hours (while sleeping or out of the house); translates to
as much as 1% of cost per degree
 Winter: ideal temperature is 68
 Summer: no lower than 78 (and only when you’re home and actively in need of
cooling)103
 Furnaces do not have to work any harder to warm a space back up than they do to keep it
warm – common misconception
 Adjust refrigerator & freezer settings
 Appliances account for about 13% of home energy use
 ENERGY STAR refrigerators use 20% less energy
 Recommended refrigerator temperature: 30-37° F and freezer: 5° F
 Cover liquids and foods; the moisture released otherwise makes the compressor work
harder

101

Energy Saveris: Daylighting. (2012). EERE: Energy Savers Home Page. Retrieved April 17, 2012 from:
http://www.energysavers.gov/your_home/lighting
102
Frequently Asked Questions: Power Management Features. (2012). Home : ENERGY STAR. Retrieved April 17,
2012, from http://www.energystar.gov/index.cfm?c=power_mgt.pr_power_mgt_faq
103
Energy Savers: Thermostats and Control Systems. (2012). EERE: Energy Savers Home Page. Retrieved April 17,
2012, from http://www.energysavers.gov/your_home/space_heating_cooling/index.cfm/mytopic=12720
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Frost buildup decreases the efficiency of refrigerators/freezers; regularly defrost manual
defrost appliances
Make sure seals are tight104

 Wash only full dishwasher and laundry loads (saves both energy and water)
 Using energy efficient dishwashers can actually save more money/water than hand
washing dishes
 Most of the energy used for washing dishes and clothes is for water heating; using cold
vs. hot water cycle can cut energy use in half
 ENERGY STAR washing machines use 50% less energy
 In addition to using a clothesline for drying clothes, you should also let dishes air dry
 ENERGY STAR dishwashers are required to use less than 5.8 gallons of water per cycle,
saving water and energy used to heat the water
 Dishwashers are typically 1200–2400 watts and using the drying feature significantly
increases the energy usage
 Check lint filter regularly; blockage requires more energy use and could cause a fire105
 Adjust water heater settings
 Water heater typically accounts for 18% of utility bill
 Primary way to save energy: use less hot water!
 Set to about 120 degrees F for washing machine and dishwasher
 Insulate water heater
 Average hot water use is 64 gallons per day
 Water heaters are typically 4500-5500 watts
 Check for leaks and report them to the Town
 If your leaky faucet drips every ten seconds, you can waste as many as 200 gallons per
year, which can add up quickly (according to USGS calculator)
 Use cold water for laundry whenever possible and use shortest wash cycle
 Appliances account for about 13% of home energy use
 Water heater typically accounts for 18% of utility bill
 Using warm vs. hot water cycle can cut energy use in half; cold water saves even more

104

U.S. Department of Energy. (2011). Energy Savers: Tips on Saving Money & Energy at Home. Washington, DC.
Retrieved February 13, 2012, from http://www.energysavers.gov/pdfs/energy_savers.pdf
105
Energy Savers: Estimating Appliance and Home Electronic Energy Use. (2012). EERE: Energy Savers Home
Page. Retrieved April 17, 2012, from
http://www.energysavers.gov/your_home/appliances/index.cfm/mytopic=10040
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 Close the doors to empty rooms
 Heating and cooling makes up about 54% of household energy bill
 You can decrease your heating and cooling costs by 20-50% through proper maintenance,
insulation and air sealing and thermostat settings
 Conserve Water
 Peel and clean vegetables in a large bowl of water rather than using running water
 Fill sink or a large basin with water to wash/rinse dishes, rather than using running water
 Reduce shower time, and limit number of baths
 Turn off the water when brushing teeth, shaving, and soaping up in the shower
 Fill the sink to shave instead of leaving water running
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Appendix B:
Tenant Pamphlet for Energy Efficiency & Conservation
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Appendix C:
Resource Directory
This directory is a list of useful and applicable materials we’ve aggregated throughout our
research. It is intended to provide the Town with access to some of the resources we’ve used in
compiling this report as well as to provide more in-depth materials to peruse with specific
projects in mind.

Public Housing Energy Efficiency Resource Directory
Database of State Incentives for Renewables & Efficiency: North Carolina. (2012). U.S.
Department of Energy EERE: DSIRE. Retrieved April 16, 2012, from
http://www.dsireusa.org/incentives/index.cfm?getRE=1?re=undefined&ee=1&spv=0
&st=0&srp=1&state=NC.


Provides current information about funding opportunities for energy efficiency projects
throughout the state of North Carolina, including information about opportunities for
rebates for energy efficiency initiatives from Duke Energy and other utilities, as well as a
list of relevant regulations and information about state policy.

Energy Benchmarking Tool and User’s Guide – HUD. (2012). U.S. Department of Housing
and Urban Development. Retrieved February 6, 2012 from
http://portal.hud.gov/hudportal/HUD?src=/program_offices/public_indian_housing/
programs/ph/phecc/ebenchtool.


A tool developed by the Department of Housing and Urban Development that provides a
score for buildings to assist with benchmarking where the building lies on the spectrum
of energy efficiency, which can be useful in determining which units most require
attention.

Energy Conservation for Housing – A Workbook. (1998). Abt Associates, Inc, prepared for
U.S. Department of Housing and Urban Development. Retrieved April 16, 2012 from
http://www.abtassociates.com/reports/d19980034.pdf.


While slightly outdated, this workbook is full of highly relevant material summarizing
many of the most important aspects of conducting energy efficiency projects in housing
units, and provides comprehensive explanations of the relative merits of taking different
measures to improve energy efficiency.
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Energy Savers Home Page. (2012). U.S. Department of Energy EERE: Energy Savers.
Retrieved February 13, 2012, from http://www.energysavers.gov/.


Possesses a great deal of resources and pointers for many energy-related topics,
including appliances, electricity, heating & cooling, water heating, and others.

ENERGY STAR for Affordable Housing. (2012). Home : ENERGY STAR. Retrieved
February 27, 2012, from
http://www.energystar.gov/index.cfm?c=bldrs_lenders_raters.pt_affordable_housing.


Provides links to useful resources specific to incorporating ENERGY STAR products into
affordable housing, including funding ideas and programs, tools and resources, and
success stories.

ENERGY STAR for State and Local Governments. (2012). Home: ENERGY STAR.
Retrieved February 27, 2012 from
http://www.energystar.gov/index.cfm?c=affordable_housing.affordable_housing_go
vernment.


Provides resources specific to state and local governments with respect to ENERGY
STAR programs, including a bulk purchasing tool for ENERGY STAR qualified products,
an energy efficiency toolkit which generalized findings from 10 broadly applicable
energy efficiency implementation programs, and links to several case studies.

Fuller, M., Kunkel, C., Zimring, M., Hoffman, I., Soroye, K., & Goldman, C. (2010).
Driving Demand for Home Energy Improvements: Motivating residential customers to
invest in comprehensive upgrades that eliminate energy waste, avoid high bills, and
spur the economy. Berkeley, CA: Environmental Energy Technologies Division,
Lawrence Berkeley National Laboratory. Retrieved February 28, 2012, from
http://eetd.lbl.gov/ea/emp/reports/lbnl-3960e-web.pdf.


Includes key findings from multiple case studies of successfully implemented residential
energy efficiency programs. While it focuses on single-occupancy, owner-occupied
homes, there are some broadly applicable findings included, like a detailed analysis of
the most prevalent obstacles to overcome, lessons from behavioral research, and how
specific techniques can be relevant to different communities.
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Public Housing Environmental and Conservation Clearinghouse - HUD. (2012). U.S.
Department of Housing and Urban Development. Retrieved February 6, 2012, from
http://portal.hud.gov/hudportal/HUD?src=/program_offices/public_indian_housing/
programs/ph/phecc.


HUD’s site with links to relevant energy conservation tips and information, with pointers
ranging from water conservation to operations and maintenance ideas to tips on
managing hazardous materials, as well as a host of additional internal and external
resources.

Public Housing Energy Conservation Clearinghouse: Newsletter - HUD. (2012). U.S.
Department of Housing and Urban Development. Retrieved February 27, 2012, from
http://portal.hud.gov/hudportal/HUD?src=/program_offices/public_indian_housing/.


Instructions to subscribe to a monthly newsletter issued by HUD centered around energy
conservation in public housing, as well as archived newsletters. This could present a
good opportunity for knowledge idea and could present ideas for future endeavors, as
well as serving as a good way to stay informed.

Public Housing Energy Conservation Clearinghouse - Energy Performance Contract
Success Stories - HUD. (2012). U.S. Department of Housing and Urban Development.
Retrieved February 27, 2012, from
http://portal.hud.gov/hudportal/HUD?src=/program_offices/public_indian_housing/
programs/ph/phecc/eperformance/epcsuccess.


Offshoot of the Energy Conservation Clearinghouse that is focused specifically on
different PHA’s success in working with with Energy Performance Contracts.

Public Housing Energy Conservation - Cost-Reduction Toolbox - HUD. (2012). U.S.
Department of Housing and Urban Development. Retrieved February 27, 2012, from
http://portal.hud.gov/hudportal/HUD?src=/program_offices/public_indian_housing/
programs/ph/phecc/toolbox.


Accumulation of checklists and pointers designed to provide public housing authorities
with information about good operations and management procedures and demonstrate
how best to save energy and costs.
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U.S. Environmental Protection Agency. (2011). Energy Efficiency in Affordable Housing: A
Guide to Developing and Implementing Greenhouse Gas Emissions Reduction
Programs. Washington, DC. Retrieved February 6, 2012, from
http://www.epa.gov/statelocalclimate/documents/pdf/affordable_housing.pdf.


Comprehensive report including an extensive resource list and breakdown of the key
practices needed to implement successful energy conservation programs, important
background information, successes and failures. Used heavily in the aggregation of
materials for this report.

U.S. Environmental Protection Agency. (2011). Energy Efficiency in Local Government
Operations: A Guide to Developing and Implementing Greenhouse Gas Reduction
Programs. Washington, DC.
Retrieved April 15, 2012, from
http://www.epa.gov/statelocalclimate/documents/pdf/ee_municipal_operations.pdf.


While not directly related to public housing, this report outlines many key steps in
reducing energy use in government offices, which could be useful for internal projects.
These include potential funding sources, case studies, and an extensive list of additional
resources.

U.S. Department of Energy. (2011). Energy Savers: Tips on Saving Money & Energy at
Home. Washington, DC. Retrieved February 13, 2012, from
http://www.energysavers.gov/pdfs/energy_savers.pdf.


Very useful report detailing specific tips to save energy, including low-and no-cost
solutions, tables and graphics representing energy-intensive appliances and practices,
and weighing value of upgrading various elements of home systems. Also used heavily in
the aggregation of information for this report.
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Appendix D.
Informational Pamphlet Distributed During Installation of CFLs
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Appendix E.
Waste Audit Notice Letter

phone: xxx-xxx-xxxx
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Appendix F.
Recycling Bin Acceptance Form
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Appendix G.
“Sorry we missed you” Recycling Bin Distribution Letter

phone: xxx-xxx-xxxx
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Appendix H. Intervention Recycling Signs
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Appendix I (a). Orange County Solid Waste Management Curbside Recycling Flier
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Appendix I (b). Orange County Solid Waste Management Curbside Recycling Flier
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Appendix J (a).
Recycling Captain Job Description
Recycling Captain (Neighborhood Recycling Supervisor)
Time requirement: 8 hours a month (1 hour per monthly assessment, 0.5 hours per weekly
assessment, and the rest of the time working in the community).
The Ideal Candidate: Someone who is interested in making a change within their community to
improve its sustainability and environmental consciousness. The main focus will be on
monitoring and improving recycling habits in the community. This person should be outgoing,
excited, and committed to increasing recycling in his or her community.
Responsibilities:
 Complete a training session at the beginning of time of service (3 hours)
 Every week do a quick physical area assessment – see Weekly Waste Assessment survey
document
 Once a month do a complete physical area assessment – see Monthly Waste Assessment
survey document
 Make sure signage and bins are present in the community
 Keep in clear communication with recycling supervisor about concerns, needs, and ideas
for your community.
 Fill out the required surveys and return them recycling supervisor
Projects in the Community
Meet with residents to talk about recycling
Make sure residents have all the tools that
they need to recycle
Work with the children in the community

Physical Area
Complete the weekly quick physical area
recycling assessment survey
Complete the monthly extensive physical
area assessment survey
Clean up area around trash and recycling
bins

Make sure the community has proper
signage.
Welcome and help inform new community
members about recycling.
Contact Information:
Someone great
101 Franklin Street
xxx-xxx-xxxx
unc@gmail.com
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Appendix J (b).
Recycling Captain Monthly Assessment

Monthly Detailed Waste Assessment – Recycling Captain
Trash:
How does trash this month compare to trash last month? Capacity? Contamination?
Did you notice any specific problems?
What are your plans to improve your community’s trash system in the next month?

Recycling:
How does recycling this month compare to recycling last month?
Did you notice any specific problems?
What are your plans to improve your community’s recycling system in the next month?

Community:
Have community members spoken to you about any specific concerns related to trash and/or
recycling?
What are your plans to work with community members to improve recycling in the next month?

Date:
Recycling Captain (print name):
Signature: _________________________________________

Supervisor (print name):
Signature: _________________________________________
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Appendix J (c). Recycling Captain Weekly Assessment
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Appendix K. Workbook Activity Pages Used in After-School Programming
Page sourced from: http://www.recycleguys.org/about.html.
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Appendix L.
Results of Town of Chapel Hill Lighting Inventory
Four members of the Green Public Housing Capstone elected to take on additional project in the
form of a lighting inventory of the current public lighting structures in use throughout the public
housing units in Chapel Hill and Carrboro. We compiled our findings into several Google Maps
databases, including within each:




The geographic location of each light post
A photo of each post attached to its location tag
Key information about each post (e.g. wattage, post materials, any additional
relevant information)

These maps were created by using the “My Maps” feature of Google on a communal e-mail
account, enst698lighting@gmail.com, and the photographs were uploaded a Photobucket site
using the account name “lightingteam”. The respective passwords for these accounts can be
obtained from Brian Callaway.
An example of one of the maps created follows:
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Appendix M.
Orientation Video Script
Dan: Many household appliances - such as TVs, video game consoles, and stereos - use
electricity even when turned off. These so-called “vampire appliances” can add to your electric
bill and really drain your wallet.
Dan: Power strips are a simple and easy way to eliminate vampire power and control multiple
devices at once. By hitting just one switch on the strip, you can stop every device plugged into it
from draining any more electricity.
Dan: Compact fluorescent light bulbs are a bright way to save energy as well. Energy efficient
compact fluorescent light bulbs last longer and use just a third of the energy of standard
incandescent bulbs. Replacing burned out incandescent bulbs with these CFLs will save you a lot
of money quickly.
Dan: Also, turn off the lights when you leave a room or when you don’t need them - after all,
sunlight is free.
Dan: Be efficient, use task lighting to light just what you’re doing rather than the whole room.
Dan: Washing only full loads of dishes will save you a lot of energy and money in the long run.
If you don’t need your dishes immediately, turn off the heated drying option. Most people leave
the dishes in the dishwasher long enough to dry without wasting energy to heat them.
Dan: Like your dishes, washing only full loads of clothes is far more energy efficient.
Dan: Water takes a lot of energy to heat up, so stick to cold wash settings unless you absolutely
need it hot. If you use a dryer, make sure to clean the lint filter after every load to reduce fire
risk and increase energy efficiency.
Dan: Covered air vents won’t work properly and can waste a lot of energy - make sure to keep
them clear.
Dan: Likewise, refrigerators use a lot of energy to keep food cool - so it pays to think of what
you want before you open the door. And don’t forget to close the door when you’re done.
Dan: All water use takes a lot of energy to heat up. Don’t burn your money up, take shorter
showers.
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