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INTRODUCTION
Orange County faces serious challenges with respect to waste disposal, from landfill capacity
issues1 to equity gaps related to the landfill’s location and impacts,2 and recycling will play a
vital role in resolving those issues. Recycling in Orange County is already impressive, with the
diversion of over 17,000 tons/year of materials in 2009 and 2010. However, only about 1,000
tons of that total comes from multifamily complexes, and the Orange County Solid Waste
Management Department (OCSWMD) estimates that up to 2,000 tons of recyclable materials are
not captured at such complexes each year.3 Therefore, there remains substantial room for
improvement in this area.
Improving recycling will increase overall waste diversion rates and help solve many different
problems related to the Orange County landfill. These waste issues are directly related to the
future sustainability of not only OCSWMD operations but of Orange County as a whole.
Environmentally, waste serves only to pollute and consume resources in unproductive ways.
Economically, solid waste is the physical manifestation of wasted material and financial
resources. And in terms of equity, waste often disproportionately impacts those in low-income
communities, as is the case here in Orange County with the location of the landfill directly next
to the Rogers Road community. If waste entering the landfill can be reduced by increasing
recycling rates at multifamily complexes, OCSWMD will come one step closer to creating more
sustainable communities in Orange County.

1

Zayed, Michelle. “BOCC to decide landfill’s future tonight.” Daily Tar Heel. 5 April 2011.
http://www.dailytarheel.com/index.php/article/2011/04/bocc_to_decide_landfills_future_tonight
2
“Students ID 48 illegal dump sites near Orange landfill.” Burlington Times News. 11 April 2011.
http://www.thetimesnews.com/news/landfill-42961-sites-trash.html
3
Orange County Waste Collection Statistics. http://www.co.orange.nc.us/recycling/stats.asp. 1 May 2011.
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BACKGROUND
Literature Review
In order to complete this project, a literature review on social marketing and other recycling
programs was conducted in an attempt to learn from other projects, so as not to replicate work
that had already been done or had been found to be ineffective.
The foundational document upon which the group based its project design was “Fostering
Sustainable Behavior: An Introduction to Community-Based Social Marketing,” by Doug
McKenzie-Mohr and William Smith, which is widely regarded as the authoritative text on the
topic. It is, in itself, a comprehensive review of literature on barriers to sustainable behavior,
behavior change methods, and every aspect of building effective programs.
“Fostering Sustainable Behavior” begins with an overview of behavior change campaigns. It
outlines the basic framework that must be applied to any social marketing strategy: first, a
literature review, such as this one, must be conducted, to determine the best practices that should
be applied to the strategy; second, qualitative data should be gathered through observational
activities and focus groups in order to assess the initial behaviors and barriers that exist; finally, a
survey should be prepared and conducted in order to measure social attitudes about the existing
situation.
The book then summarizes the most important and effective methods of social marketing. The
initial method addressed is commitment, which utilizes a sense of obligation in a participant.
This is done by asking a participant to start with a small commitment to the project, and then
following up shortly after with a more substantial commitment. Because people feel obligated by
their initial promise, and because most people wish to be seen as consistent, they are much more
likely to stay committed to a project if such a technique is used.
Other social marketing techniques addressed in the book include positive peer pressure through
the construction of new social norms, prompts to remind individuals to behave sustainably, and
incentives to drive new types of behavior. All these have varying degrees of success, depending
on the type of project they are applied to and the barriers faced by the participants involved.
One of the most important takeaways from the book is that mass media and education campaigns
have generally been ineffective at fostering sustainable behavior. According to the literature, the
reason for this is that information alone “has little or no effect on sustainable behavior.” One
possible reason for this is that the amount of information in our society can be overwhelming,
while another suggestion is that some media messages can be drowned out or subverted by
information coming from other sources.4 Regardless of the reasons, however, there is a
significant body of research that shows that awareness-only campaigns are ineffective.

4

Kotler, Philip and Gerald Zaltman. “Social Marketing: An Approach to Planned Social Change.”
http://www.jstor.org/stable/pdfplus/1249783.pdf?acceptTC=true
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Another thing that had to be considered in formulating the strategy for this project was the
intensity of its messaging. In “The Psychology of Environmental Problems,” an extensive review
written by Susan M. Koger and Deborah Du Nann Winter, the issue of message intensity is
addressed when they say that big problems need to be broken down into smaller steps to be more
manageable for participants. When big problems are presented in their entirety, the average
person is more likely to shut down and react poorly because he or she has been overstimulated.
Conversely, if the message is too subtle, it is unlikely to motivate the participant to act.
Therefore, it is important for projects to attempt to find a balance, a level of “moderate arousal”
that will ensure that the participant takes action and finds the task manageable and sustainable.
Finally, literature produced by other waste management organizations was reviewed to determine
what possible barriers to recycling existed, especially in the context of large multifamily
residences. In many instances, site design was cited as a reason for lower recycling rates in these
complexes, because recycling was often not accounted for in terms of space or infrastructure.
Similarly, confusion about recycling on the part of managers and tenants, communication issues,
and lack of incentives were repeatedly cited as problems that needed to be overcome in order to
accomplish higher diversion rates.
All of the lessons gleaned from this literature review were taken into account and applied to the
context of the capstone project.
Previous Strategies Tried by OCSWMD
Based on estimates obtained from waste sorts indicating 2,000 tons of recyclables remaining in
the multifamily apartment complexes waste stream, OCSWMD developed and tried numerous
strategies to improve recycling performance. The first steps taken were to identify poorly
performing complexes through driver feedback about contamination. At these identified
complexes, trained teams of recycling assistants were sent out to meet and talk with as many
tenants as possible and to pass out literature. In addition, Spanish speaking staff members were
used at complexes with high concentrations of Spanish speakers. Complexes where door-to-door
outreach was conducted showed no measurable improvement in recycling quality and even those
complexes that were visited two to three times produced minimal results.
Another outreach technique tried was providing information through on-site newsletters, through
which management at many larger complexes communicated with residents. Mass mailings
including pre-printed blurbs to go in newsletters were sent to poorly performing complexes. It
was found that these blurbs were rarely included unless OCSWMD extended an effort to
personally contact a particular complex. When paired with door-to-door outreach, this technique
appeared to improve quality of recycling at some complexes. A similar method of educational
outreach attempted was an electronic newsletter sent to apartment complex email addresses three
times a year, in August, December, and May. However, it proved difficult to set up and maintain
email databases throughout the year.
Another significant effort implemented by OCSWMD was distribution of personal recycling bins
to tenants. Out of the 160 apartment complexes approached, four complexes responded with
interest in participating in the program and the demographic indicators of these four complexes
varied. Tenants at these complexes were surveyed to determine a preference between two bin
types; results indicated equal preference for both so the cheaper nine gallon bins were bought
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and distributed according to one of three approaches decided on by management. The three
approaches used were passive, active and mandatory. With the passive approach, tenants
received a notice about the bins and could sign up for one and pick it up in the management
office. The active approach consisted of OCSWMD staff going door-to-door soliciting interest
and collecting tenant signed contracts pledging to return bins in the future. The last approach
used was categorized as mandatory in which managers sent out notifications and distributed bins
to all tenants along with collected signed pledge contracts. Pre-distribution recycling volume
measurements were collected for five weeks in October-December 2005 and two periods of postdistribution measurements were performed, March-April 2006 and September-October 2006.
Results of the bin distribution method showed an average increase per apartment per year of 21
lbs/unit. The lessons OCSWMD learned from this approach were that providing bins is a very
labor-intensive method for outreach and contracts must be included to reinforce and market the
bin use. Other limitations noted were the inaccuracies of the volume-based measuring tools and
the unwillingness of apartment complexes to participate even if they are not required to pay for
the bins. A random resident survey of 10% of tenants at one of the four participating complexes,
Townhouse Apartments, was performed in March 2007 and indicated all bins were still in place.
These extensive approaches implemented by OCSWMD provided a strong background from
which to develop new strategies to test. In achieving only limited to moderate success with the
methods described above, this project was designed to assist OCSWMD in continuing with and
improving upon these methods to pursue higher success rates with recycling education and
outreach.
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PROJECT OVERVIEW
This capstone project about apartment complex recycling was formulated for spring semester of
2011 in cooperation with the UNC Institute for the Environment (IE) and OCSWMD. As part of
the Sustainable Triangle Field Site, six participating students picked this project for the required
capstone. In addition to working directly for and with Blair Pollock, Solid Waste Planner for
OCSWMD, and Muriel Williman, Solid Waste Education and Outreach Coordinator for
OCSWMD, the mentor assigned to the project was Kathleen Gray, IE’s Associate Director for
Outreach and Public Service. The overall goal of this capstone project was established to be as
follows: assist Orange County Solid Waste management in discovering, developing and testing
three approaches for increasing recycling weight and decreasing contamination in a subset of
multi-family units in Orange County, including Carrboro and Chapel Hill, that have had limited
to moderate success recycling, as defined by OCSWMD staff.
The project was planned and organized to be implemented in three phases:
Phase One








Discern whether multi-family and student complexes were high or middle
performing recyclers
Submit IRB application to enable surveying managers and residents at complexes
Create three survey tools: one for managers of high performing complexes, one
for managers of middle performing complexes, and one for residents of middle
performing complexes
Research published literature regarding techniques for improving recycling
Identify study population
Determine which techniques to implement
Establish baseline recycling weights and contamination levels

Phase Two





Survey managers at both high and middle performing complexes
Perform midterm analysis and material submission to client and mentor
Implement strategies at complexes
Monitor recycling improvement by performing second round of recycling weight
and contaminant level measurements

Phase Three




Analyze recycling weights and contaminant level data and survey results
Organize information into report format
Prepare formal presentation

Tables 1 and 2 below provide general information about the high and middle performing
complexes that were chosen as the focal points of this project.
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Table 1. General Information on High-Performing Complexes Researched
Student or
# of
Name of complex
Family
Location
Units
Complex
Ashbrook

Student

601 Jones Ferry Road, Carrboro

170

Rock Creek

Student

100 Rock Haven Road, Carrboro

188

Table 2. General Information on Middle-Performing Complexes Researched
Student or
# of
Name of complex
Family
Location
Units
Complex

Pickup
Day

Airport Gardens

Family

MLK Jr. Blvd, Chapel Hill

26

Wednesday

Dobbins Hill

Family

1749 Dobbins Drive, Chapel Hill

87

Friday

Notting Hill

Family

100 Drew Hill Lane, Chapel Hill

200

Friday

Chancellor’s Square

Student

211 Church St., Chapel Hill

51

Wednesday

Shadowood

Student

110 Piney Mountain Rd, Chapel Hill

336

Thursday

Warehouse

Student

316 W Rosemary St, Chapel Hill

55

Wednesday
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METHODS
The capstone team used a variety of methods to conduct its research: interviews with apartment
complex managers, surveys of residents, measurements of weight and contamination of
recyclable materials and pilot testing of three educational initiatives.
Determining the Target Audience
At the outset, the team was presented with the option to concentrate on improving recycling in
three different categories of complexes: low, middle and high performing. The team chose to
concentrate on improving recycling in middle performing complexes, because they have the
potential to improve (versus low performing complexes which have farther to go in order to
improve). Concentrating efforts on the middle performing complexes could ultimately help them
match or surpass the complexes highlighted as high-performing. Perhaps, the team surmised,
these complexes just needed an extra push or support to help elevate their current amount and
quality of recycling.
A portion of the team wanted to concentrate on improving recycling in student housing, which
included complexes occupied completely or mostly by college students. The other portion of the
team wanted to focus on non-student housing, which we refer to in this report as “family
housing.” These complexes are primarily inhabited by families, not full-time students, and also
include a wide spectrum of ages that range from school age children to middle aged adults and
the elderly.
In addition to identifying the audience, we had to decide what we wanted to learn from these
residents in order to give us more insight into what type of recycling program we should
implement at their respective complexes. For example, what knowledge do they have about
recycling in Orange County? What form(s) of communication does the manager use to contact
residents regarding issues within the complex? These questions were formatted into a document
that we planned to use to survey as many of the residents as possible from every complex that
was chosen.
Choosing the Target Complexes
In order to determine the specific complexes we wanted to target within the student or family
housing categories, we requested a list of complexes from OCSWMD that grouped the
complexes into high and middle performing complexes. We received a list of 34 apartment
complexes in Chapel Hill and Carrboro split up by high and middle performing and then we
made a master table that included important information about each complex that we could use
to compare and contrast and make our selection on which places to target. A master table of all
34 complexes considered can be seen in Appendix F.
We targeted three middle performing student complexes and three middle performing family
complexes for this project. Key factors that were considered in the selection of our target
complexes were the following: location, number of units or complex size, collection dates, and
type of management (i.e., - on site management or public housing that is managed by the Town
of Chapel Hill). The map below shows the location of the six complexes we chose to work with
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for the project, along with the number of units in the entire complex and its status as student or
family housing.

Figure 1. Map of Complexes’ Locations within Chapel Hill

Interviewing Managers at High Performing Complexes
From the list of high performing complexes supplied to the team by OCSWMD, our group
selected two of the high-performing complexes based on size and location (seeking ones that
were at least somewhat demographically comparable to the selected middle performing
complexes). Our selections were: Ashbrook and Rock Creek. After identifying the complexes, a
group member called the managers to request an appointment, then visited each manager in
person and verbally interviewed the manager. (A copy of the interview guide can be found in
Appendix C.) Interviews were successfully conducted at Ashbrook and Rock Creek.
The intention of the surveys was to collect general information on the methods the managers
used to reach their residents, and the specific outreach they completed related to recycling. This
information was analyzed on its own, and was additionally compared against the answers of
11 | P a g e

managers at the middle performing complexes to determine similarities and differences, and to
attempt to determine what does or does not encourage recycling from a management level.

Establishing Baseline Data on Recyclable Materials
The term “baseline data” refers to the recorded weight (kilograms) and contamination levels of
recycling (number of contaminant items) at the six apartment complex sites at the beginning of
the study. We collected these data as general information for OCSWMD, and as a comparative
baseline for the end-of-study data to determine the effectiveness of our interventions. A scale
provided by the OCSWMD was used to measure each recycling cart at each site.
The weekly dates of recycling collection were provided by the OCSWMD, and each site was
measured the day before collection to maximize the amount of recycling that might be measured.
Each site was measured twice over the course of two weeks. Each cart was sorted for
contaminants, and these were recorded by number in categories “plastic bags, plastic bags with
recycling, bags with trash, garbage items, mixed paper in bottles/cans or bottles/cans in mixed
paper, items not collected, and corrugated cardboard.” Some of the contaminants were removed,
and each cart was then individually placed on the scale and the weight was recorded. The tare
weight of the cart (either a Schaffer cart or a Toter cart) was then subtracted from this
measurement to arrive at the weight of just the recyclable materials.
The measurements were taken as follows:
Table 3. Recycling Pickup Days
Name of Complex
Day and Dates Collected
Airport Gardens
Tuesday- 03/01 and 3/8
Dobbins Hill
Thursday- 2/24 and 3/3
Notting Hill
Thursday-3/3 and 3/17
Chancellor’s Square
Tuesday- 2/15 and 2/22
Shadowood
Tuesday- 03/01 and 3/15
Warehouse
Tuesday- 2/15 and 2/22

Surveying Middle Performers
Managers at Warehouse, Shadowood, Dobbins Hill, and Notting Hill were interviewed. Manager
interviews from Airport Gardens and Chancellor’s Square were not conducted because neither
of these complexes have on-site management. The managers at the middle performing
complexes were given the same in-person interview as the managers at the high-performing
complexes so the answers could be compared. Next, the residents were surveyed at all six middle
performing complexes. (A copy of the resident survey tool can be found in Appendix E.) As an
incentive for completing the survey, the participants were offered the chance to enter into a
lottery to win a free iPod Touch if they included their email address on the survey.
The main method of surveying was door-to-door questioning, where one of our group members
wrote out the answers the residents verbally gave, or the residents took the written survey
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themselves and either returned it at that moment or returned it to the main office at their
convenience. For the family complexes, this door-to-door technique was used at Airport
Gardens, Dobbins Hill, and a few units at Notting Hill. For the family complexes, this door-todoor technique was used at Airport Gardens, Dobbins Hill, and a few units at Notting Hill. These
surveys were conducted on Tuesday March 29th and Thursdays March 31st. At Shadowood, the
Warehouse, and Chancellor’s Square the surveys were taken March 28th, March
30th, March 31st, and Sunday April 3rd. Our team also created an online version of the survey
through Qualtrics, and the link to this was given out at Airport Gardens and Dobbins Hill if
people did not have the immediate time to answer the written survey. Additionally, a flyer
advertising the possibility to win the free iPod Touch for participation in the survey was posted,
with links to the online survey on tear off sheets attached to the flyer. These were posted at
Airport Gardens, Dobbins Hill, and Notting Hill, and served as the primary system of reaching
residents at Notting Hill. Further advertisements for the iPod Touch in exchange for participation
in the survey, including the link to the survey, were posted straight to participant doors at
Dobbins Hill. A copy of this flyer appears in Appendix B.
Choosing which Educational Methods to Implement
Before we received the interview and survey results, we identified several educational strategies
to pilot test with the participating complexes. These strategies were identified based on the
previous strategies implemented by OCSWMD and those identified in journal articles and other
relevant literature. The methods selected were also shaped by the size of the complex and the
demographics of its residents. The three strategies were tote bags, improved signage, and
recycling ambassadors. Below is a list of the strategies that were applied by complex:

Table 4. Types of Strategies Implemented, Date Implemented, and Goals by Complex
Name of
Strategy
Date of
Goal
complex
Implemented
Implementation
Monday April 11th
Increase recycling levels (by
Airport Gardens
Tote Bags
(7-8pm)
weight)
th
Monday April 11
Increase recycling levels (by
Dobbins Hill
Tote Bags
(6-7pm)
weight)
th
Improved
Monday April 11
Decrease recycling
Notting Hill
Signage
(11am)
contamination
th
Improved
Thursday April 7
Decrease recycling
Shadowood
Signage
(1 pm)
contamination
th
Chancellor’s
Recycling
Sunday April 9
Foster recycling behavior and
Square
Ambassador
(2:30 pm)
resident awareness
th
Recycling
Saturday April 9
Foster recycling behavior and
Warehouse
Ambassador
(10am-12pm)
resident awareness
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Recycling Ambassadors
The Recycling Ambassadors program was developed by a team member who thought of a
creative way to link the incentive of public service and the Public Service Scholars (PSS)
Program with our project. The Public Service Scholars program at UNC provides a framework
for undergraduate students who want to strengthen and maintain their commitment to serving
communities throughout NC, the nation, and the world. PSS encourages students to learn about
and practice public service and engagement beyond the scope of traditional volunteerism,
including organizational service, policy and advocacy work, fundraising and philanthropy.
Students enrolled in the program are required to perform 300 service hours as well as four skills
trainings and a senior service portfolio.
Recycling Ambassadors is a new student-run volunteer program that would be coordinated in the
future through the Public Service Scholars program. Each apartment complex in the program
would have a resident who would earn PSS hours by educating fellow residents on recycling and
also sorting through the complex’s recycling bins on a regular basis. These people would go door
to door at the beginning of each semester/summer, introduce themselves and offer themselves as
a knowledgeable resource for recycling as well as give a brief explanation of how to recycle.
To gauge the feasibility of this approach, the team implemented it at just two of our studentoriented target apartment complexes: The Warehouse and Chancellor’s Square.
Because of the constantly changing population it can be difficult to establish long-lasting
recycling programs in student apartment complexes. However, by establishing a student-run
program that would be active during semesters, as well as during summer sessions recycling
rates and material quality would hopefully be improved. By attaching this program to the wellestablished Public Service Scholars program we hope this program could start off strong and
maintain itself over the long run without additional help needed from OCSWMD or ourselves.
By visibly sorting through recycling bins at a time when students may be likely to pass by, these
volunteers would be able to use positive peer pressure to show students that what and how they
recycle does affect others. People are motivated to recycle when they see their peers doing so,
and seeing a peer sort through recycling bins could serve as motivation for others to clean up
their act.
Improved Signage
Creating and displaying improved signage was the method chosen for Notting Hill and
Shadowood, because they were the two largest complexes and it would be difficult to achieve the
same quality of one-on-one personal contact with the residents that would accompany the
implementation of the bags or the ambassadors. The signage was to serve as a reminder of what
could and could not be recycled to those that have made their way to the recycling site(s). In the
case of a complex such as Notting Hill the goal of the signage was to help alleviate confusion on
what is and is not acceptable at their complex recycling sites and, therefore, reduce the number
of contaminant items found in their carts. The signage was designed for Notting Hill with the
concept that simpler is better. Below, in Figure 2, is a photo of the actual signage at Notting Hill.
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Figure 2. Improved Signage at Notting Hill

We incorporated the concept of 3D visuals by using actual items to depict the items referred to in
the smaller writing on the sign. For Notting Hill, five signs were created—two depicting “YES”
and describing items that can be recycled, and three depicting “NO” with information on what
not to recycle. These signs were highly visual, with physical items attached so even residents
with the inability to read English could understand what items could and could not go in each
cart. Items were also included at the bottom in a list so the signs would still be somewhat
effective if the physical items fell off. The items on the “Yes” signs included: plastic bottles,
metal cans, foil, aerosol spray cans, and glass bottles/jars. The “No” items listed were:
fruit/veggie containers, plastic bags, Styrofoam, and cardboard boxes.
At the main site, two of the “YES” signs and one of the “NO” signs were attached to the wall
above the carts. A “NO” sign was also placed at each of the East and West satellite recycling
sites. At the main sites, the “YES” signs were color coordinated in an attempt to be clearer about
separating bottles/cans/etc. from paper/magazines/etc. The paper “YES” sign was painted green
and green stickers were then placed on each of the paper carts, while the bottles “YES” sign was
painted orange and orange stickers were placed on all of the bottle carts. This was our attempt to
remedy issues of cross-contamination.
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For the student-housing group, signs were implemented at Shadowood. At the trash sites without
recycling carts, signs directing residents to the location of the recycling carts were installed. At
the sites with the carts, a visual sign depicting what could be recycled for both mixed paper and
bottle/can items was installed at each site. The OCSWMD provided these signs. A picture of the
sign can be seen below, in Figure 3.

Figure 3. OCSWMD signage posted at the student complexes

Tote Bags
The team gave out tote bags purchased by OCSWMD at $2/bag to residents in two of the family
complexes. Dobbins Hill and Airport Gardens did not have a large amount of contamination, but
the amount of items placed into the bins could be increased. Therefore, we thought that this
would be a good option for these two complexes, to make it even easier for residents to carry out
their recyclables and to also reduce the number of plastic bags found inside the bins. These
complexes were also small enough that it would be easy to distribute the bags by knocking on
every single door. At Airport Gardens and Dobbins Hill, our group went door-to-door
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distributing the blue bags provided by OCSWMD. Each bag had a highly visual insert explaining
what could and could not be recycled. Upon distributing the bag to each resident, a group
member would briefly encourage the person to use the bag to bring more products to the
complex recycling site, and also directed the resident to review the insert. If a resident was not
home, the bag (with slogan “We Recycle” printed on the front) was left on their door. The ratio
of those who were home to those who did not answer was close to 60/40, and there was no
follow up with those who were not home (as it was assumed they would come across the bags
left on the door, and would find the insert helpful in answering any fundamental recycling
questions).
Data Collection after Implementation of Strategies
After all of the strategies had been implemented, our team took post-study measurements of each
cart to see if any notable difference in the weight of recycling and the number of contaminants
had been reached. The same strategies used for collecting baseline data were used for counting
contaminants, weighing and subtracting the tare weights for the post-study data.
The measurements were taken as follows:
Table 5. Weighing Schedule
Name of Complex
Airport Gardens
Dobbins Hill
Notting Hill
Shadowood
Chancellor’s Square
Warehouse

Day and Dates of Weighing
Tuesday- 4/19 and 4/26
Thursday- 4/14 and 4/21
Thursday- 4/14 and 4/21
Tuesday- 4/19 and 4/26
Tuesday- 4/19 and 4/26
Tuesday- 4/19 and 4/26
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DATA AND RESULTS
The survey response total from all six apartment complexes was 118 out of a possible 755 units
equaling a combined resident response rate from all complexes of 15.6%.

Table 6. Apartment Complex and their corresponding survey completions
Name of Complex
Number of Surveys
Total Number of
Total Number of
in Person/Online
Surveys
Units per Complex
Airport Gardens
6/1
7
26
Dobbins Hill
10/3
13
87
Notting Hill
6/3
9
200
Shadowood
64/0
64
336
Chancellor’s Square
23/0
23
51
Warehouse
0/0
0
55
Total
118

Resident Surveys
The most common response for what came to mind when people heard the word recycle was to
protect the environment/planet and renew and reuse materials. Ninety-seven percent of
respondents said they knew where to recycle at their complex and 80% said they recycle at their
complex. The items reported as most commonly recycled always were cardboard, plastic bottles,
aluminum cans, and glass bottles and jars. The items noted to be recycled least often were
aluminum foil and phone books. This information is depicted in Figures 4 and 5 below.

Figure 4. Do you know where you can recycle at your complex?
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Figure 5. How often do you recycle the following items?

The most frequently reported reasons to recycle were 72% to protect the environment, 46%
because it’s the right thing to do, and 41% to reduce my waste. The survey question regarding
reasons for why people did not recycle was left blank by many respondents due to the fact that
the survey indicated not answering it if one recycled. Only 20% of respondents indicated that
they didn’t recycle (as determined by 23 out the total 118 respondents answering this question)
and the most common reasons why not included the following: 36% with don’t know where to
and 32% with don’t want to sort items. A higher percentage of respondents at student complexes
reported not recycling, 21 out of the total 87 respondents, while only 2 out of the total 29
respondents from family complexes reported not recycling.

Other:
to help recycle materials
habit
renew it, remake it
For the future people

Figure 6. Why do you recycle?
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Other
I recycle all the
time
Where to recycle
batteries?

Figure 7. If you don’t recycle, why not?

Fifty-six percent of respondents at all complexes reported they did not receive any information
on recycling upon moving into their apartment (Figure 8 below). Another 57% of respondents
said “yes” to whether they believed a majority of residents at their complex recycled regularly
(Figure 9), and the most common indicator noted for the basis of this belief was that recycling
bins were full. (However, the team’s on-site observations suggest that this belief is inherently
flawed, because full bins do not necessary indicate strong and consist recycling habits, as in most
apartment complexes contamination levels were high and recycling weights fluctuated greatly
from week to week).

Figure 8. Did you receive information regarding recycling upon moving into your
apartment?
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Figure 9. Do you think the majority of residents at this complex recycle regularly?
Roughly 54% of all respondents acknowledged that they knew it was illegal to throw away
aluminum cans and plastic bottles in North Carolina, while a slightly larger percentage, 60%,
acknowledged they knew it was illegal to throw away corrugated cardboard in Orange County,
NC (Figure 10 and 11).

Figure 10. Are you aware it is illegal to throw away aluminum cans and plastic
bottles?

Figure 11. Are you aware that it is illegal to throw away corrugated cardboard in
Orange County, NC?
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One complex in particular, Chancellor’s Square, demonstrates the potential impact on recycling
of having on-site management. Chancellor’s Square was the only apartment complex at which a
majority of respondents (70%) noted they would be no more likely to recycle if provided with a
personal tote bag with which to collect recyclables. Chancellor’s Square was also the apartment
complex at which the highest percentages of respondents reported not knowing what must be
recycled; 70% of respondents at Chancellor’s Square said they did not know it was illegal to
throw away corrugated cardboard in Orange County and 56.62% said they did not know it was
illegal to throw away aluminum cans and plastic bottles in North Carolina. Chancellor’s Square
was also the complex with the largest percentage of respondents (91%) that noted they did not
receive any information regarding recycling upon moving into their apartment. (This is mostly
likely due to the fact that the 51 units at Chancellor’s Square are independently owned and there
is no on-site management.)
Other
Flyers on doors
Notes on doors
Someone came to my door

Figure 12. How often do you receive information and updates about your complex
from each of the following methods?
In terms of methods and approaches to impact recycling rates, 55% of respondents believed a
personal tote bag would make them more likely to recycle. However, 62% noted that they would
not use a personal tote bag instead or more often than a personal recycling bin if they already had
a bin at their apartment. The most common methods indicated for communication at complexes
between management and residents were newsletters and mailbox inserts, while the most
common sources for general everyday information was the internet as reported by 73% of
residents. Seventy-one percent of respondents said they would be willing to take action by
encouraging others to recycle and 50% said they would be willing to sign a pledge to recycle.
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Other
school

Figure 13. How often do you use the following sources to get general information?

Other
Recycle all the time
None
Make more accessible to make her
an eager participant- closer sites

Figure 14. Which of the following actions would you be willing to take to improve
recycling at your complex and in your community?

23 | P a g e

Manager Interviews
The information collected from the manager interviews did not shed light on why the high
performing complexes recycled more. The two high performing apartment complexes from
which manager interviews were obtained were Ashbrook Apartments and Rock Creek
Apartments. The responses from these two managers were quite different and did not lead to any
conclusive evidence why these apartments had higher recycling rates. Neither apartment
complex provided incentives for residents to recycle but both provided information about where
to recycle within the complex upon move-in. The main forms of communication with residents
used at Ashbrook were newsletters and flyers left in mailboxes or pinned on doors while the
main form of communication used at Rock Creek was an email listserve. The responses to what
comes to mind with the word recycle were green, something you should do, and sorting
household waste to decrease trash.
The middle performing complexes at which managers were surveyed were Dobbins Hill, Notting
Hill, Shadowood, and Warehouse. The responses from these managers for what came to mind
with the word recycle were not putting items in the trash, helping the environment, reusing
common items, and reducing waste sent to sit in the landfill. The main forms of communication
used at these complexes were newsletters left in residents’ mailboxes or posted on doors. With
regards to the information about recycling given out when residents move in, three out of the
four gave a handout with information regarding where recycling sites were within the complex
but Dobbins Hill did not give out any information about recycling to residents. One interesting
thing to note about the interviews from middle performing complex managers is that none of
these four managers believed there were barriers to recycling at their complexes.
Weights and Contamination Data
Carts of recyclable mixed paper and cans and bottles at each of the six complexes were weighed
two times prior to the intervention strategy in order to establish a baseline. After the strategies
ran at the respective complexes for one week they were weighed twice again to determine if the
strategies had any significant effects of the weight and contamination of recycles. The results,
by complex, are presented below and represented in Figures 15-26:
Abbreviations:
MP= Mixed Paper
CB= Cans and bottles
PB= plastic bags
Not collected= certain numbered plastics that are labeled as recyclable but are not
collected by the Orange County recycling program, usually thin plastic containers.
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Warehouse

Warehouse Recycling Weights
Weight of recycles (kg)
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Figure 15. Recycling weights at Warehouse
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Figure 16. Contamination Levels at Warehouse
The Ambassador Program implemented at Warehouse was intended to foster recycling behavior
and student awareness. The overall average weight decreased after the program was
implemented and contaminant levels remained around the same- with an increase in recyclable
objects not collected found in the bins. One reason that the “before average” may be inflated is
because the second date the recyclables were weighed there were multiple packs of unread
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newspapers in the mixed paper bins. This greatly increased the weight of two of the bins which
may have artificially increased the overall weight.
Chancellor’s Square

Chancellor's Square Recycling Weights
Weight of recycles (kg)
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Figure 17. Recycling weights at Chancellor’s Square
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Figure 18. Contamination Levels at Chancellor’s Square
The Ambassador Program implemented at Chancellor’s Square was intended to foster recycling
behavior and student awareness using personal contact to introduce recycling techniques. The
overall weight of recyclables decreased after the strategy was implemented. Plastic bag
contamination decreased by 93%, but corrugated cardboard increased by 65%. Due to the

26 | P a g e

variable nature of recycling from week to week these differences cannot necessarily be attributed
to the Ambassador Program.
Shadowood

Weight of recycles

Shadowood Recycling Weights
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Figure 19. Recycling weights at Shadowood
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Figure 20. Contamination levels at Shadowood
The purpose of the signs installed at Shadowood were to decrease recycling contamination.
Even though the average weights increased, there was also an increase in contamination. In fact,
there was an 89% increase in items labeled as recyclable items that are not collected by Orange
County after the signs were installed. Many variables exists that may contribute to these
observations. For example, one individual’s action (e.g., throwing a whole bag of cans in the
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mixed paper bin, disposing of many trash items along with recyclables) may inflate the
contamination numbers and could skew the representation of the whole complex.
Dobbins Hill

Dobbins Hill Recycling Weights
Weight of recycles (kg)
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Figure 21. Recycling weights at Dobbins Hills
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Figure 22. Contamination levels at Dobbins Hill
The purpose of the bag distribution at Dobbin’s Hill was to increase the rate of recycling among
residents. Even though the average recycling rate increased by 10kg after bags were distributed,
it isn’t a significant enough increase to conclude that the bags increased the residents’ likelihood
to recycle. Since an informative sheet of paper describing what items to recycle in each bin was
passed out with the bags, the residents also were informed about what to appropriately recycle.
There was an 84% decrease in the amount of cans and bottles found in the mixed paper bin,
which could potentially be evidence that the residents learned from the sheet of paper.
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Notting Hill

Weight Data
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Figure 23. Recycling weights at Notting Hill
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Figure 24. Contamination levels at Notting Hill
The signs installed at Notting Hill were designed to decrease contamination. According to the
results above, this strategy was arguably effective due to the positive correlation between signage
and contamination. The items labeled as recyclable that are not collected by Orange County
decreased from an average of 200 to 101 after the signs were installed: a 50% decrease. Plastic
bags also decreased by 70% after the signs were installed. These outcomes could be influenced
by the 3D nature of the signs and the presence of actual objects instead of text. This approach
was intended to capture the attention of the residents and make it quick and convenient for them
to observe what should and should not be placed in the bins. According to the data, all the
29 | P a g e

contamination rates decreased (besides corrugated cardboard) so this strategy shows positive
results in accomplishing that goal.
The amount of mixed paper found in the cans and bottles bins also decreased by 82%. This may
be attributed to the color coordination of the bins intended to decrease cross contamination. The
“YES” signs for cans and bottles were orange and orange stickers were placed on all the cans
and bottles bins. The same technique was used for the “YES” signs for mixed paper and the
color green was used. Contamination overall decreased by 48% after the signs were installed.
Airport Gardens
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Figure 25. Recycling weights at Airport Gardens
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Figure 26. Contamination levels at Airport Gardens
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The purpose of the bags distributed at Airport Gardens was to increase the amount the residents
recycled. According to these data, the average weight dropped by 20% after the bags were
distributed. The number of garbage items found in the recycling bins dropped by 35% but the
rest of contaminants stayed around the same or increased.
Per Unit Recycling Data
The weekly recycling rates were calculated by averaging the weights of the two measurement
dates and then dividing that rate by the number of units in the complex. For example, a unit at
Shadowood recycles an average of 1.2 kg/week (post signage). If this number is multiplied by
52, then a unit recycles an average of 62 kg/year. According to Orange County Solid Waste
Management, the average apartment complex unit in Chapel Hill recycles 68 kg/year. Hence
Shadowood is still recycling around average, which is appropriate since all of the complexes
targeted were also classified as “middle performers” by Orange County. One of the goals of this
project was to move the middle performers up to high performers. Since the recycling weights
post implementation are still close to average (with the exception of Notting Hill), this goal was
not accomplished. Numerous factors exist that may skew the numbers. The first is that the
actual weight of the bin doesn’t accurately reflect the quality of the materials inside of it. For
example, Airport Gardens may appear to have a high recycling rate, but the high weight may be
attributed to high levels of contamination. Also, an apartment complex that consumes a lot of
glass bottles (like Warehouse) will generate higher recycling weights since glass weighs more
than other objects. This data is represented below in Figures 27.

Rate (kg/unit/week)

Recycling Rates per Unit (kg/week)
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2
1.5

Before

1

After
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Figure 27. Weekly recycling rates per unit before and after strategy implementation

31 | P a g e

Compiled Averages of Recycling Weights
The graph in Figure 29 shows every apartment complex and the changes in its recycling weights
according to the strategy implemented there. This suggests that signage may have been the most
effective since it shows the most significant increase after the implementation. Weights actually
decreased after the Ambassador Programs was initiated and the distribution of tote bags did not
appear to make a significant difference.
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Figure 28. Total averages of recycling weights before and after strategy
implementation

32 | P a g e

CONCLUSIONS
One of the most significant accomplishments of this project was the creation of a baseline of
weight, contamination, and recycling attitudes at specific apartment complexes in Orange
County to be used by OCSWMD in future decision-making and research. The data collected will
inform the OCSWMD and enable it to more specifically target its outreach efforts to various
apartment complexes. For example, knowing that Chancellor’s Square has no central
management means OCSWMD can tailor its efforts there differently than it would at The
Warehouse, which has a strong central management office.
Due to time constraints, the data collected were not sufficient to draw significant generalizable
conclusions about the success of the three implementation strategies tested. Changes in both
recycling quantity and purity were seen in many of our apartment complexes over the duration of
the study, but generally, credit for these changes cannot definitively be given to our strategies.
Each strategy—increased signage, the Recycling Ambassadors program, and the tote bags—was
only implemented for a week before post-implementation weighing began. However, Notting
Hill showed a 70% decrease in plastic bags and a 50% decrease in the number of non-collectable
recyclables left in the recycling bins. We can infer that these changes were in part due to the
effect of the 3D signs posted at Notting Hill. Unfortunately this was the only discernible pattern
we could see, and the tote bags and Ambassadors program did not show similar results in the
short implementation time frame.
Through this capstone we also concluded that more education regarding what constitutes
contamination needs to be disseminated to area residents. It is difficult for the average person to
know that having the recycling symbol on an item does not in fact guarantee that that item is
recyclable at their home or apartment complex. For example, even Styrofoam is actually
recyclable if taken to the appropriate location; however, it is generally not economically efficient
to recycle it and thus local government programs such as Orange County rarely collect it. Other
products (such as plastic clamshell to-go containers, yogurt cups, and solo cups) were common
contaminants that are also recyclable elsewhere. Apartment residents clearly did not know that
having a “recyclable” symbol does not mean an item is recyclable everywhere. In addition,
because OCSWMD does not want to discourage people from making use of the drop-off
recycling sites, it is difficult to quickly and simply explain to residents to not recycle certain
things at the apartment complex without saying those things are not recyclable.
A strong positive correlation was found between recycling information provided by complexes at
move-in and resulting resident recycling behaviors at that complex. For example, Chancellor’s
Square had 91% of respondents reporting not receiving information about recycling upon
moving into their apartments (most likely due to the lack of central management on-site), and
also had the largest percentage of respondents indicating they did not recycle, 35%. This result
contrasted with Shadowood, at which only 41% of respondents reported not receiving
information about recycling upon moving into their apartment and only 20% of respondents
indicated they did not recycle. This linear trend of percentage of residents participating in
recycling increasing with percentage of residents indicating they received recycling information
from their complex is a strong indicator of the importance of receiving recycling education at
move-in. Based on these observations, it seems worthwhile for OCSWMD to foster personal
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relationships with individual apartment complexes to ensure that accurate and relevant recycling
information is provided on a regular basis to complex management for distribution to residents.
Barriers and Limitations
This project had many limitations that impeded its progress and slowed the process down.
Language barriers, a short time frame, and difficulty identifying target complexes all presented
obstacles to our research that added layers of complexity to our tasks. Understanding these
limitations now will allow future researchers to avoid our mistakes and generate even better data.
Working in apartment complexes with transitory residents often means working with residents
who may not have a proficient understanding of English as well. Student groups working in both
Notting Hill and Dobbins Hill complexes struggled with this issue. Notting Hill had a significant
Korean population, while Dobbins Hill had a wide variety of languages represented. These made
it difficult to survey and communicate with residents at these complexes. Within our small team
of researchers we did not have the means or knowledge needed to make signs in the languages
needed, much less hire a translator for surveying.
Another obstacle to effectively studying recycling at these complexes was the short time frame
of the project. We had one semester, from January to April to work on this project, and time flew
as we waited for IRB approval to begin surveying residents and apartment managers. The short
time-frame was further constrained by the lack of organization on the front end of the project.
The group took significantly longer than expected to make decisions regarding which apartment
complexes to study, how to measure the recycling, and what changes to institutionalize where.
We also had insufficient time to adequately pilot the education strategies, which made it difficult
to implement our changes in time to allow them to have an effect on the communities. For
example, the flyers advertising the new Recycling Ambassador program in Chancellor’s Square
and Warehouse were only given out one week prior to the beginning of the second weighing
period. Signage in some cases was not in place until even later than that, which makes it hard to
know whether our efforts really had any effect. Having an extra month for the implementations
to take effect before the second measurement period began would have been extremely helpful.
An unexpected limitation appeared in deciding which apartment complexes to study for this
project. While it initially seemed simple, considerations had to be made for whether each was a
family-oriented or student-oriented apartment complex. Next they had to be coordinated based
on their recycling pick-up dates, so that we could measure them on the same day in their
“recycling cycle” without the need to measure every day of the week. Lastly their existing
recycling levels had to be accounted for so we could be sure we were comparing middleperforming apartment complexes to one another. All these little details combined to make this
initial decision of choosing study apartment complexes much more challenging than expected.
In the end the biggest limitation to increasing recycling was something with which most
recycling veterans are accustomed to dealing. You cannot change people’s behaviors and habits
quickly, if at all, and it’s not as easy as one would expect for people to understand exactly what
can and cannot be recycled and where. This is especially difficult given how many non-collected,
but still recyclable products are marked as recyclable, just as newspaper or cans are.
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RECOMMENDATIONS
There are several recommendations to present to OCSWMD should it decide to expand or
replicate this project. The main suggestion would be to create stronger communication and all
around better relationships with the apartment complexes. While there are far too many
apartment complexes to foster intimacy at each location, picking a target group and following
them through the years could prove beneficial. Another strategy could be creating some sort of
fixed schedule for visits at the complexes, as a physical appearance every two months could be
the tipping point in getting managers to consistently convey the information that OCSWMD
requests from them. With the system described above, a brief visit two months later could be
enough to insure that, as with this example, the carts were eventually distributed.
Better preparation of surveyors for language barriers would prove beneficial, as a much larger
group could be effectively targeted. In many instances, people were unable to communicate their
answers or had to answer through their children, which potentially skewed the perception of the
questions and solicited answers from a much younger audience than intended. Additionally,
noting the age group of each participant answering a survey question would have been beneficial
in analyzing results, as there are most surely different recycling trends amongst different
generations.
With the language barriers in mind, creating signs in multiple languages is a strategy worth
trying. For example, signs in Korean at Notting Hill would likely have more effectively reached
a larger population. Having better resources for translation, whether for on-site work or for
working with written materials, would also prove beneficial.
Completing more surveys at the complexes would help create a larger database of information
that could be used in generalizing knowledge about the residents, specifically why they make the
recycling choices they do, and how to counter any negative trends. Using a third party surveyor
group with more experience, and exploring more options with online surveys, would probably
increase the number of surveys completed. In addition, it would take away any biased answers
that may result from being questioned by a team wearing OCSWMD uniforms.
Another recommendation based on observation would be the importance of keeping a system
such as the Recycling Ambassador, or any presence of someone who looks official at the
recycling sites whenever possible. Just in our limited time taking the measurements, people
would actually stop, read the signs, and make an effort to properly sort their materials,
presumably because of our presence. It could also be beneficial to send someone back to the sites
next fall to take more measurements, to see if there are any additional changes after a longer runtime of our implemented strategies. This second round of post-strategy measurements could give
the OCSWMD a more accurate idea of how effective the strategies were, and/or for how long
they remain effective.
Another recommendation is for OCSWMD to promote co-location of carts for trash and
recycling. As residents already have to take their trash to a specific location, it is assumed they
would be more likely to recycle if the recycling carts were at the same location. This is a strategy
that could be specifically applied at The Warehouse and Notting Hill. The Warehouse student
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apartment complex has large trash bins on every floor for students to take their trash out on their
floor rather than having to take it outside to the dumpsters. While convenient for residents, this is
a huge disincentive to recycling because residents can take out their trash without walking
outside, but recycling requires a separate trip outside and down the stairs. A clear solution to this
inequity would be to either remove the floor trash bins, or add floor recycling bins. At Notting
Hill, there are two satellite sites that are only for recycling. These satellite sites had higher
numbers of trash items in the bins, and had overall lower weights of recyclable materials. We
therefore believe that if these sites also had trash bins, some of these problems would be
alleviated.
Regarding the type of materials provided to residents, a repeated comment amongst residents
was the desire for two bags, so that they could keep their recycling sorted on the way to the site.
While this would be expensive for OCSWMD, if the sites with the bags perform better, it could
be a beneficial investment.
Another entry point for fostering better relationships would be when management shifts occur. If
there is any way to encourage notification of these switches, this would prove a beneficial time
to make a strong first contact—leaving the manager with a sense of responsibility for
communicating with OCSWMD and for relaying relevant information to the residents. Also,
working with complex managers to insure that recycling information (not only where the sites
are, but also what to recycle and why it is important) is included in the move-in packets could
prove beneficial.
Finally, there are apparent openings for better communication and outreach to improve
performance; for example, one manager indicated he had never been aware until our survey that
his complex was a high performer. Taking steps to collect information and set up guidelines for
reliably classifying apartment complexes into high, medium, and low performance, and then
notifying the complexes of their standing, could create new incentives for either continuing
positive recycling behavior, or for finding ways to improve performance.
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APPENDICES
A. Example Recycling Ambassador Flyer: Chancellor’s Square
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B. iPod Touch Contest Flyer
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C. Manager Interview Form for High-Performing Complexes
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D. Manager Interview Form for Middle-Performing Complexes
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E. Resident Survey
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F. List of Apartment Complexes and Descriptions
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G. Insert for Tote Bag
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H. Tote Bag

