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Executive Summary

The Spring 2018 Environmental Studies 300 class was charged with assessing Wellesley
Co | | eegyelingssystem and drafting recommendations for change. Analysis of our recycling
system is especially pertinent in |ight of Ch
impact of this restriction has been felt broadly, and has even forcdi@s\ye College to
temporarily change the facility that our recycling is sent to.

In conducting analysis and compiling recommendations, we aimed to improve recycling
rates, reduce our campus environmental burden, and maximize the revenue of the oollege. T
analyze the impact that different types of changes would have on recycling rates and rates of
incorrect recycling, we conducted several experiments. These experiments included: collecting
pledges, implementing a thrsream system with specialized lidsiaking recycling more
convenient by providing recycling bags, introducing signs with messages designed to increase
recycling participation, and implementing a singteeam system. We also surveyed students,
faculty, and staff on reasons they do not rézy@/e analyzed the ideal number of streams to
collect and sort into, which facility to send our recycling to, and ways in which we could reduce
waste brought to campus.

We found that infrastructure changes are more effective than changes aimed ahgcreas
recycling behavior. Our primary recommendation is to introduce astoeam recycling system
T mixed paper, mixed plastics, metal, and glasent to the Town of Wellesley Recycling and
Disposal Facility. This system allows the college to avoid asyds with regard to facilities not
accepting commingled recycling, and to take advantage of lower costs and higher revenues. The
recycling system must be uniform and consistent across campus to eliminate the difficulty of
finding recycling bins, which waislentified as an issue in our survey. We recommend the use of
specialized lids on these bins, which our experiment found to be effective. We do not
recommend using messaging or pledges, as these changes were not shown to be effective in
increasing recyadtig rates.

Informational signage should be implemented to help recyclers identify what can and
cannot be recycl ed. I n addition, education o
introduction to campus through a handout given during Orientatiomviaat is and is not
recyclable in each stream. Proposed signs and handouts are included in Appendix A.

We also identified priority areas for reduction of waste brought to campus. The sale of
glasspackaged goods must be eliminated fromcampus retail duéo the high cost of glass
recycling. Paper use should be limited by the implementation of a camgespaper printing
cap, and academic departments should no longer purchase paper cups. The purchase of plastic
bottles should also be decreased througmieéting plastic from otampus retail centers,
installing filtered water dispensers, and eliminating plastic bottles from-$maje events.
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Introduction to ES 300

ES300 is a projedbased capstone course for students of the Enviroan8tudies (ES)
Program. Each spring, senior and junior ES majors and minors design a comprehensive study to
address an environmental issue on campus and devise potential solutions. We approached this
project from multiple anglesquantitative and qualitave - drawing on all resources available to
us, and using the skills and tools we have developed through previous ES courses and
experiences. While we are all ES majors or minors, we each carry with us interdisciplinary
perspectives and diverse backgrosindapproaching the issue of interest. This year, we chose to
assess ways to improve recycling at Wellesley College. Under the guidance of Professor Beth
DeSombre, we examined the academic literature, designed and executed various experiments,
and analyze our results to make recommendations to the College for ways to increase proper
recycling on campus. To accomplish such a feat, we organized ourselves into leadership roles
and project teams to tackle different pieces of the project.

10



Motivations For T his Study

Our client for this project was the Wellesley College Office of Sustainability. The
Director of Sustainability tasked our class with identifying ways to improve recycling on
campus. Reconsidering our current recycling practices has become imglgeasportant in
' ight of Chinadés recent ban on a number of w
already begun to experience the consequences of this decision in the form of increased recycling
costs and limitations on the recycling streamsepted by local recycling and disposal facilities.

To adapt and improve our recycling system, we conducted a number of experiments, based on
research on effective recycling strategies, to assess what behavioral and infrastructural changes
would encourage oreased and correct recycling on campus.

In assessing behavioral and infrastructural changes, our aim was to reduce the
environmental burden of our waste creation, promote environmental sustainability, and reduce
the costsi or maximize the revenué asso@ted with recycling on campus. Recycling at
Wellesley College benefits both the environment, by repurposing resources; and the College, by
creating a revenugenerating waste stream. Creating a more effective recycling system will
increase theenvironment and financi al benefits of Welles

11



Metrics

After completing our experiments and other analyses, we evaluated our results based on
various metrics to decide which recycling solutions were best. We considered the cost to the
College, both upfront and long term, and institutional ease (including both the initial setup and
maintenance of recycling systems). Individual ease (the time and lifestyle changes required for
an individual person to recycle) and fairness to campus empleygesconsidered qualitatively.

Our quantitative environmental metrics were resource conservation, greenhouse gas emissions,
and toxicity to humans and the environment.

12



1. Background
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1.1 Background: Why Recycle?

Ethical, Educational, and Legal (bligations:

Recycling is one of the most accessible and convenient methods for everyday people to
engage in environmentally friendly behavior. It is an impressively pure form of altfudgihjs
one of the most widely known and participatadwaste reduion tools? Furthermore, many
colleges, like Wellesley, have a legal obligation to recycle (see: Background: Massachusetts
Recycling Laws}

Recycling is also a learned behavior. Education on the benefits of recycling and of
various recycling methods amportant factors motivating recycling. The more knowledgeable
about recycling people are, the more likely they are to be more invested in it. Wellesley
Coll egedbs student popul ation arrives on camp
management metials, and varied knowledge of recycling. Therefore, education about recycling
is especially important in order to bring everyone on campus up to the same recycling standard.
After learning about appropriate recycling practices here on campus, studenteeméake that
knowledge beyond campus and improve recycling practices in their households or workplaces.

Reducing Waste:

One of the greatest benefits of recycling is the reduction in the amount of total waste that
ultimately ends up in landfills or inagmators. With such a reduction, disposal capacity needs,
emissions from landfills and incinerators, and litter and improper disposal of materials can all be
similarly reduced. 1 n t he 1980s, public interest i n rec
cris s, 0 where people assumed that the creation
and enormous environmental burd@while this has since been shown to be less of a crisis than
expected, optimizing land usage by minimizing landfill creation séithains important. In
addition to potential land degradation, atmospheric emissions also are harmful effects of
landfills. Landfills and incinerators produce emissions that are detrimental to environmental and
human health. Gases emitted from landfills esenposed of roughly 50% methane and 50%

! Ackerman, FrankWhy Do We Recycle?: Markets, Values, and Pubiicy. Washington DC, UNITED

STATES: Island Press, 199%iip://ebookcentralqmguest.com/lib/well/detail.action?doclD=3317312

2Kassim, Salha Mohammed. fAThe | mpor t aMaceomaetulaRecyc!l i ng i
Symposig820, no. 1 (October 2012).

http://sv4cx6lc6c.search.serialssolutions.com.ezproxy.wellesiaf?url ver=239.88
2004&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Ajournal&rft.genre=article&rft.jtitte=Macromolecular
%20Symposia&rft.stitte=Macromol.%20Symp. &rft.atitle=The%20Importance%200f%20Recycling%20in%20Solid
%20Waste%20Management&rft.volume=32@&issue=1&rft.spage=43&rft.epage=50&rft.date=20M2
O01&rft.aulast=Kassimé&rft.aufirst=Salha%20Mohammed&rft.issn=1-0380&rft.eissn=1521
3900&rfr_id=info:sid/wiley.com:OnlineLibrary

3fiMassDEP Waste Dis posal Bans . bttpsMevswsmags.gov/guiddstnesedes ed Apr i
wastedisposalbans

4 Ackerman, FrankWhy Do We Recycle?: Markets, Viadiiand Public Policywashington DC, UNITED

STATES: Island Press, 199%ip:/ebookcentral.proquest.com/lib/well/detail.action?doclD=3317312

S Ackerman, FrankWhy Do We Recycle?: Markets, Values, and Public Pdlitashington DC, UNITED

STATES: Island Press, 199%itp://ebookcentral.proguest.com/lib/well/detail.action?doclD=3317312
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carbon dioxide, along with a small proportion of frapthane organic compountiblethane is a

potent greenhouse gas and is 28 to 36 times more effective than carbon dioxide at trapping heat
in the pl an.eRedusing the amowtphwasteewe send to landfills and incinerators
always provides a benefit and incorporates a lens of sustainability into waste management.

Environmental Justice:

Minimizing the impact of landfills and incinerators is also importdram an
environmental justice standpoint. An overall reduction of landfill and incineration space, paired
with careful placement of subsequent recycling processing centers, is an important factor to
sustainability in recycling. Waste management facilitiasd their related harms, are often
disproportionately centered in communities of color and low income areas, potentially exposing
the marginalized and vulnerable to environmental toxins and emi$sidnis is problematic due
to the harmful effects thesacilities have on the communities they are located in and around.

Reducing Toxics:

Toxics, which generally refer to toxic or hazardous substances defined by the Toxics Use
Reduction Act, are a common and dangerous byproduct of industrial processebngnalaste
managemenit.Recycling has the potential to mitigate the pollution that would otherwise be
created by landfills and incineration. Both landfills and incinerators are significant sources of
carcinogens® greenhouse gases, toxic heavy metals, atier harmful pollutants By
minimizing the amount of waste that goes to landfills and incinerators, recycling reduces the
harms associated with these facilities. Finally, recycling is less energy intensive than the creation
of new materials, and thusdeces the greenhouse gas and fossil fuel demand, the latter of which
can have its own hazardous byproddéts.

buUs EPA. ALandf il Met hane Out r e dloht LaAdfilbGps. 2068. ( L MOP) . 0 Ba
https://www.epa.gov/Imop/basinformationaboutlandfill-gas
'US EPA. fAlLandfill Methane Outreach PrilGas. 2008. (LMOP) . 0 Ba
https://www.epa.gov/Imop/basioformationaboutlandfill-gas
8BruIIe, Robert J., and David N. Pel |l ow. AENVI RONMENTAL

In e g u a IAnnual Regiewdf Public Healfv, no. 1 (2006): 1024.
https://doi.org/10.1146/annev.publhealth.27.021405.102124

fiGui de: About the Toxics Use Reduction Act ( TURA) Prog
https://www.mass.gov/guides/abehe-toxics-usereductionactturaprogram

Oknox, E. G. AChil dhood Cancer s, Bternationg Joarmalefs , Il nciner a
Epidemiology29, no. 3 (June 1, 2000): 37 . https://doi.org/10.1093/ije/29.3.391

11 Tammemagi, Hans YThe Waste Crisis: Landfills, Incinerators, and the Search for a Sustainable FGxfierd

University Press, 1999.

12 colborn, Theo, Carol Kwiatkowski, KimScht z, and Mar y Bachran. ANat ur al Ga s
Heal t h P eHumanm and Edolegeal Risk Assessment: An International Journal, (September 20,

2011):10391056.
http://www?2.cce.cornell.edu/naturalgasdev/documents/pdfs/fracking%20chemicals%20from%20a%20public%20he
alth%20perspective.pdf
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Conserving Resources:

Recycling also contributes to the letgym conservation of raw materials, as many
recyclable products are made out ofurenewable resources. Therefore, creating another usable
object through recycling makes the use of theseranawable resources more sustainable. If the
growth rate of materials production remains high, recycling will unfortunately not be enough to
prewvent the total depletion of such natural resoutéétowever, the recycling industry addresses
the reuse of myriad different materials besides plastics, and the production of certain raw
materials in turn requires multiple other source materials. TakeeXample,Pennsylvania
Department of Environment al Protectiondbds stat
of steel in 2005, Pennsylvanians saved 1.4 million tons of iron ore, 829,786 tons of coal, and
71,124 tons of limestoné.

Maximizing Energy Efficiency:

Recycled materials usage in industrial practices has its own benefits, including energy
use, industrial extraction, and manufacturing reductions. While the recycling process does
consume energy, the process of of extracting new resourdgz@cessing them requires greater
energy consumption. For example, it is 92% more energy efficient to recycle an aluminum can
than it is to produce anewolitMet al s are the | east Adowncycl ec
t hat t he mat ebyicalinued saydirig; edeegy effi@ieneydor paper and plastics
is likely lower, though still significant. One study determined that one ton of recycled paper
saves 17 tree€’$. Because recycling reduces energy consumption, it concurrently reduces
greenhose gas emissiort$.In 2013, recycling reduced potential carbon dioxide emissions by
186 million metric tond®

Economic Benefits:
An Environmental Protection Agency Recycling Economic Information (REI) Study in
2016 found that the recycling industry iretbinited States accounted for a total of $36.6 billion

BGrosse , Fran-oi s. il sb eTchyec I ri onlge o6opfa rrte coyfc Itihneg sion uan oenx
finite S.AP.DENIScSargeys@and Perspectives Integrating Environment and Soxmieéyl (February 4,
2010).http://journals.openedition.org/sapiens/906

Y“nsave Natural Resources. 0 Pennsylvania DEP. Accessed
http://www.dep.pa.gov/Business/Land/Waste/Recycling/Benefits/Pages/NaturalResources.aspx

BEarthTal k. @Als Recycling Worth 1 t?0 Scientific Americ
https://www.scientificamerican.com/articlefiscyclingworth-it/.

Brassi m, Sal ha Mohammed. AThe | mpor t @ MaceomaetulaRecycl i ng

Symposig&820, no. 1 (October 2012).

http://sv4cx6lc6c.search.serialssolutions.com.ezproxy.wellesley.edu/?url_ver=739.88
2004&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Ajournal&rft.genre=article&rft.jtitle=Macromolecular
%20Symposiaé&rft.stitte=Macromol.%20Symp.&rft.atitle=The%20Importance%200f%20Recycling%20in%20Solid
%20Waste%20Management&rft.volume=320&rft.issue=1&rft.spage=43&rft.epage=50&rft.datedP012
01&rft.aulast=Kassim&rft.aufirst=Salha%20Mohammed&rft.issn=1:03B0&rft.eissn=1521
3900&rfr_id=info:sid/wiley.com:OnlineLibrary

"Grosse, Fran-ois. #fAls recycling 6part of the solution
finite SAP.DENIScSarseysand Perspectives Integratingdtmaent and Sociefyo. 3.1 (February 4,
2010).http://journals.openedition.org/sapiens/906

BEarthTal k. il s? ReRqicdn tnigf iIWorArherlitcan. Accessed March ¢
https://www.scientificamerican.com/até/isrecyclingworthrit/.
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in wages and $6.7 billion in tax revend@sEconomic benefits are not only measured in
monetary figures. The 2016 study also reported that the recycling industry accounted for 757,000
American jobs, omore than 1.5 jobs for every 1,000 tons of material recyce@verall,
recycling jobs make up 0.52% of the US econdhiyn the state of Massachusetts, recycling is
responsible for 13,905 jobs and $4.98 million in wagdavestments in recycling colléon
support a strong, diverse recycling industry, creating one link in a long chain of economic
activity.>> Recycling businesses are not in a closed loop, and provide indirect benefits by
purchasing goods and services in support of other businesses. Aaltitidhe sorting and
processing of recyclable materials creates ten times as many jobs as if the same materials were
put into the ordinary waste streamWhile these employment statistics refer to recycling
facilities statewide, the management of Wedegl Co | |-camgpudrecycling does require
the employment of a number of facility workers and custodians.

In terms of economic benefits for the College, there is an opportunity to get paid
significantly for wellsorted or higkguality recycling (such asardboard or metals) as opposed
to garbage, which costs money for Wellesley to send. This provides Wellesley College with the
opportunity to profit from its waste. However, the price of commingled recycling, our current
system, and the price of glass reloyg is often quite high, due to processing costs. The College
will have to take these pricing conventions into consideration when adopting a recycling and
waste disposal procedure.

®us EPA, OSWER. AfiRecycling Basics. 0 Overviews and Fact
https://www.g@a.gov/recycle/recyclindasics
®ys EPA, OSWER. ARecycling Basics. 0 Overviews and Fact
https:/ivww.epa.gov/recycle/recyclinigasics
2lus EPA, OSWER. ARecycling Basics. 0 Overviews and Fact
https://www.epa.gov/recycle/recyclifupsics

??Mass DEP. fiThe Massachusetts Recycling Economy. o6 Bur e
http://www.mass.gov/eea/dodep/recycle/reduce/Oiru-I/econbene.pdf

2stanford PSSI. fBenefits of Recycling. o Frequently A
https://Ibre.stanford.edu/pssistanfartycling/frequentlyaskedquestions/frequenthaskedquestionsbenefits

recycling

*Mass DEP. fiThe Massachusetts Recycling Economy. o6 Bur e

http://www.mass.gov/eea/docs/dep/recycle/reduc#ifiél/econbene.pdf
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1.2 Background: Life Cycle of Recyclables

Prior to making recommentla ons f or i mprovements to Wel
system, it is essential to understand the recycling process of each material recycled at Wellesley.
For the purpose of this section we will only examine the most common recycled materials: glass,
metd, plastic, and paper.

Glass

After collection, glass is taken to sorting stations where contaminants (ceramics, light
bulbs, etc.) are removed and the glass is sorted by color. After sorting, there are four major steps
in the recycling process: purifican, fining, cullet melting, and forming. In the first step,
purification, glass is cleaned of any contaminants. During the next step, fining, glass is shattered
into small pieces which are then crushed to uniform size and mixed with sand, soda ash, and
limestone?® They then pass through a trommel, where the labels and other items that did not
shatter (lids, caps) are removed. After fining, the glass undergoes an additional purification
process before progressing to cullet melfhdifferent types of glassre cullet melted at
different temperatures according to their respective melting points. Finally, in the forming
process, melted glass is molded into new products such as bottles and jars.

Glass can be recycled multiple times without degrading in quality purity?’
According to a study done by the Environmental Protection Agency (EPA), the greenhouse gas
equivalent of energy savings attributable to recycling glass (compared to glass being disposed as
trash) is roughly 1509

Metal

Metals, like glass, an be recycled multiple times without a change in properties.
Although aluminum and steel are the most common recycled metals, there are other metals that
are just as valuable and recyclable, such as silver, gold, brass and copper.

After collection of themetal there is a sorting process. In large recycling facilities, a
magnet is used to locate metals. Sometimes eddy currents arRorésglre air flows also assist
with sorting. After the metals have been sorted by similar characteristics, the metalaseraps
processed, which involves squeezing and compacting. Some metals are also shredded and broken
down into small pieces so they require less energy to melt. Not all metals are shredded. For
example, aluminum is compacted into flat sheets and steel sdtimto steel blocks. After all
metal scraps are in their proper shapes, they are nfélEzth furnace varies in temperature,
depending on the metal 6s properties and its m
to melt aluminum is around 12Z&°F. The melting process wastes less energy than the melting

®H Gl ass Recycling | Recycled Glass Bottles Require Mul
http://www.mssoptical.com/recycleglassbottlesrequire multiple-processes/

®hRec ycl i-Ggn$Sémass Ener gy Fut urhéps/dvwhooserseseegde May 9, 2018.
future.com/recyclingglass.php

2"Moment um Recycling. fAGlass Recycling Process. 0 Access:
http://utah.momentumrecycling.com/glagsyclingprocess/
28ﬁEnergy | mpacts. o0 WARM Version 13. US EPA, April 16,

https://www3.epa.gov/warm/pdfs/Energy_Impacts. pdf
P ake, Rebecca. AProcess of Met al Recycling. o LIVESTRO
https://www.livestrong.com/article/1792-f8ocessof-metatrecycling/
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of raw materials. This process varies in time depending on the volume of the metal and the size
of the furnace. After the metals have been melted, they are taken to a cooling area. Chemical
addtives are combined with the metal to ensure that the final material is free of impurities and is
high quality. As the metals are solidifying, they are designed into various shapes and sizes,
usually metal bars that can be easily transpoft&kcycling medls can save 67-253.3 million
Btu/Short ton Wast&! as compared to landfilling, which is equivalent to roughly 75% of GHG
savings.

Plastic

After coll ection, plastic is sorted by tyj
sorting process occurs lhand and by various machines that divide the plastic based on resin
contents. Plastics are then shredded into tiny pieces and divided by weight of flakes, which are
used to make different types of end proddéfEhe plastic pieces are washed with deteig)ém
remove any leftover contamination and then are ready to be m&Adr melting, the plastic
pieces are molded into pellets which can easily be used to create various plastic products.
Recycling plastic can save 39.8 million Btu/Short ton Wastepewed to being thrown in a
landfill. This is roughly a 75%f GHG benefits attributable to energy savings from recycéfing.

Paper

Once paper has reached the recycling facility it is separated into several types and grades
(newspaper, magazine paper, comput paper ) . Then itoés mixed wi
create a slurry called pulp. The pulp is taken through screens made up of different shapes and
sizes to remove any contaminants such as glues and plastics. To take out staples and other
contaminants t pulp is spun around coisbaped cylinders, allowing the heavy items still in the
pulp to migrate to the center of the cone and then be collected. After this is complete, the paper is
de-inked. The pulp is then taken through a refining stage, wherééaten to make the fibers
swell*® If needed, color is added to the paper. Otherwise, the paper is bleached with chlorine
dioxide to make the pulp whiter. New wood fibers are added to give the pulp more strength. The
pulp is then mixed with hot water andethicals and the slurry is sprayed continuously into wire
meshrsgcreens until the water in the mixture begins to drain, forming a layer of new recycled
paper:

0L eBI anc, Ri c k. inAl I AboutsseBiarchpl, 2008t al . 06 The Bal ance.
https://www.thebalance.com/amtroductiorrto-metatrecycing-4057469

3'y. s EPA. fEnergy | mpacts.o WARM Version 13. US EPA, A
https://www3.epa.gov/warm/pdfs/Energy gdects.pdf

2¢co mpactor Management CoPpangssé&d) aStageRecygedi Bgnef it
2018.http://www.norcalcompactors.net/processemgesbenefitsplasticrecycling/

BWi nter, Debra. fAThe Journey of a Plastic Bottle After
24, 015. https://www.theatlantic.com/technology/archive/2015/12/vdwtiallyhappengo-a-recycledplastic

bottle/418326/

3%U. s EPA. fEnergy | mpacts.o WARM Version 13. US EPA, A
https://www3.epa.gov/iwarm/pdfs/Energy_Impacts. pdf

%fiHow Does Paper-PRecgstiaofj Reckcling Paper. o Accessed |
https://www.completerecycling.com/resources/pagercling/process

%fiHow Pa p er ResycliRgeQuiggblbgy Eebroary 14, 2008itp://www.recycling

guide.org.uk/scienepaper.html
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Energy savings of paper recycling varies since it depends on how many times the paper
has been wycled®’ For newspapers the savings are roughly 16.9 Million Btu/ Short ton of waste
and for other papers it can range from 2B16Million Btu/Short ton of waste. These energy
savings correspond to B3D% reduction in greenhouse gas emissions relatikettfill. 2

These four categories help us understand the life cycle of the majority of recyclables
collected at Wellesley College. It is important to note that although recycling requires a lot of
energy, it is often still more energy efficient than relyomgnew raw materials for products.

Resource and Land Conservation Through Recycling

Recycling is one example of sustainable management as it encourages the reuse of
existing products in order to avoid the need to extract and process new materialsar€here
significant environmental and economic benefits of resource conservation through recycling of
paper products, plastic, glass, and metal. The economic benefits include discounts or cost savings
to recyclers as well as energy savings across multiplseghaf product life cycles. The
environmental benefits include reduced soil erosion, improved air and water quality, avoided
deforestation, and increased carbon sequestration due to the decreased need to cut down trees for
paper product®’

As an example,ecycling materials such as metals and plastic, commonly found in e
waste, helps to conserve precious metals such as copper that require intensive energy to mine and
manufacture. The EPA gives the following estimates for resource conservation per one ton of
paper, plastic, aluminum, and glass: one ton of paper recycled saves 17 trees (recycled newsprint
saves 4.6 cubic yards of landfill space and 60 pounds of air pollutants from being released), one
ton of plastic saves 16.3 barrels of oil and 30 cubic yafdsndfill space, one ton of aluminum
saves 4 tons of Bauxite Ore, 40 barrels of oil, and 10 cubic yards of landfill space, and one ton of
glass saves one ton of mixed limestone, soda ash and sand as well as preventing 7.5 pounds of air
pollutants from king releaset

3LeBl anc, Rick. Al ntroduction to Paper Recycling. o The
https://www.thebalance.com/antroductionto-papefrecycling4036123

European Paper & Packi-Thel Phpetrr RecsycliPagePrOrcleisse 0 Ac
http://www.paperonline.org/environment/pagecycling/thepape&-recyclingprocess

%y. s EPA. fEnergy | mpacts.o WARM Version 13. US EPA, A
https://www3.epa.gov/iwarm/pdfsiérgy Impacts.pdf

®y. s EPA. AfRecycling Basics. 0 Over vAceessed Apritld, 2618 ct sheet s
https://www.epa.gov/recycle/recyclidmasics

Ostanford Universi:t y, fAPeninsula Sanitary Service/ Stan
April 11, 2018.https://Ibre.stanford.edu/pssistanfaetycling
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1.3 Background: Wellesley College

Wellesley College was founded in 1870 with the purpose of providing advanced
education opportunities for women. It is a private, fpug a r womenos coll ege
Wellesley, Massachusetts, with abd@)800 students enrolled. The College has a liberal arts
curriculum, offering over 50 majofs.

Since 1968, Wellesley College has offered creggstration programs with other schools
in the Boston area, including the Massachusetts Institute of Techn@abgon College, and
Olin College. Some of Wellesley's most famous alumnae are Madeleine Korbel Albright '59, the
first woman to become the United States Secretary of State, and Hillary Rodham Clinton '69,
former Secretary of State, senator, First LadyhefWS, and the first woman to be nominated for
president by a major U.S. political paffy.

“hiFacts & Statistics. o Weipliesviwelgslewsol/adreiggidacts Oct ober 5, 2
2icoll e g e WdleslsytCollegehttm//www.wellesley.edu/about/collegehistory
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1.4 Background: History of Recycling at Wellesley College

Recycling awareness on Wellesley Coll egeobs
1970, when a grquof students presented about the benefits of waste recycling to the College
and their peer$ The recycling movement continued to build momentum on campus with
student group efforts to recycle beginning in October 1974. At this time, the Wellesley
Envirormental Concerns Group (WECG) began sponsoring a recycling program on the
Wel |l esl ey Coll ege Campus. Their intent was to
because at this time (October 11th, 1974), recycling was only present in Green Hallng luild
the Academic Quad. It was limited to paper only. WECG began urging for paper recycling
programs to begin within residence halls and held high hopes for them to begiff $oon.
February, 1975, WECG sent out a recycling policy to the House Couthelspting bodies of
Wel |l esl eybs residenti al hal |l s, i n an attempt
recycling paper in each hall. Atademsrindeach ball t o WHC
would be responsible for carrying filled recyg boxes down to the basement once a week.

Then, custodial staff would call for pickup once the quantity was large enough for collection.
However, two months later, many House Councils had still not replied to the letter sent by
WECG, which indicateghat getting a grassroots recycling program to stick on campus was
likely a slow and challenging proceSs.

In 1989, Wellesley took an important step forward in efforts to recycle by forming a task
force of students, staff, and administrators charged with dfa¢ @f increasing recycling and
conserving paper on campus. Following the recommendations of that task force, the College
began recycling on an institutional l evel i n
recycling program expanded from white papsrd cardboard to include colored paper,
aluminum, and glass. The College introduced collection bins in residential, academic, and
administrative buildingé® To encourage student participation, House Councils elected
conservation and recycling represemasi, who held a role similar to the position of Eco
representative that still exists in residence halls téday.

Since then, Wellesley has sought to refine its recycling programs. As in the 1970s,
student organizations have been crucial to the expansiorhoé Col | egeds recycl i
the early 2000s, student members of Wellesley Energy and Environmental Defense (WEED)
engaged in what the organization referred to

Bpave v, Paul a. iWel |l esl| ey E aThd WelleBley &ldwa il 16, 1930. Communi ty A
https://repository.wellesley.edu/wcnews/1.28/

“YFWECG S ponsor s ReébeWellesley Jew®atobeg I1,a1874.dVellesley College Archives.
https://repository.wellesley.edu/wcnews/240/

45 Taylor, Liz, Natalie Nelson, Ellen Theg, Renee Edel, Noreene Stehlik, Sarah Wolff, and Kim Miskell.
AEnNnvironment al Gr ©ohe Wellesley News\pril I8r197B.ct i on. O
https://repository.wellesley.edu/wcnews/254/

46ﬁCampus Life: Wellesley; Recycling Program Aims to I n
1990.https://www.nytime.com/1990/04/29/style/camplie-wellesleyrecycling programaimsto-involve-entire

community.htm]

Wi Il oughby, Patrick. fAWellesley College STARS Snapsho
https://www.sierraclub.org/sites/wwwesraclub.org/files/sierra/coolschools/2014/pdfs/20841 7-wellesley

collegema.pdf
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campus events like the RuhimamdaTanner conferences, and taking it themselves to the Town

of Wellesley Recycling and Disposal Facilffy.In 2008, WEED took notable efforts to expand
recycling on campus, leading to a 43% decrease in recyclables thrown in the trash tATk@09.
College continued to try new approaches to increase engagement in recycling on campus. In
2011 Wellesley installed a Greenbean Recycle machine on campus, which allows students to
earn money while they recycte.In the following years the College joined local amational
recycling competitions between universities, such as Recycleftania.

Today, Wellesley continues to collect and recycle traditional materials such as mixed
paper, cardboard, metal, glass, and plastics, and has expanded to recycle nontraditioalsl mate
including styrofoam and electroniésBeyond recycling, Wellesley has also worked to reduce
the amount of durable goods entering its waste stream by creating theliMB8aée and the
Sustainable Mow®ut Collection that occur at the beginning and e@fdeach school year,
providing an opportunity for unwanted items (such as furniture) to get reused instead of thrown
away>?

Figure 1.4.1: Recycling practices at Wellesley in the 20th centurimage courtesy of the
Wellesley College Archives.

48 Beth DeSombre, advisory to WEED, 7 May 2018.

PYsSustainable Endowments Institute. iwWell esley College.
http://www.greenreportcard.org/reparard2008/schools/welleslegollege.htmi
Sustainable Endowments Institute. AWellesley College. 0
http://www.greenreportcard.org/reparard2009/schools/welleslegollege.html
03 Greenbean Makes Recycling Fun for College Students. 0

https://next.bncollege.com/greenbaaakesrecyclingfun-for-collegestudents/

lhwast e oRie du oMeil | e s | hetpy//webovkllbskgeeu/sustainability/news/compost.html

52WellesleyCd)I ege Sustainability Pl an. APurchasing & Waste N
file:///Users/SchoolAccount/Downloads/purchasittP16%20(1).pdf.

Wil loughby, Patrick. fAWellesley College.d STAARS, Dec

https://stars.aashe.org/institutions/wellesteflegemareport/201512-24/0OP/waste/OR 3.
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1.5 Background: Current Recycling Practices at Wellesley College

Recycling at Wellesley College is collected from each academic, residential, and
administrative building, placed in dumpsters, and then transported to a disposal facility.
Collection bins aredcated in all campus buildings, although bin styles and configurations vary
widely across campus. Most residence halls have large bins on each floor for both mixed
paper/cardboard recycling and commingled recycling, but these are not always close twgether
easy to find. In the East Side residential buildings, recycling is instead collected using a four bin
system. Recycling in academic buildings is even less standardized, with substantial differences
between floors of the same building. The location gfgpaecycling bins is more predictable
than commingled bins. Paper recycling bins are usually located near printers and in hallways,
and there is typically at least one bin per floor. Commingled recycling bins, on the other hand,
cannot be found on everyobr of every academic building. Before now, there has not been
centralized information on recycling bin locations across campus. We have created maps of
current recycling bin locations for academic and residential buildings on campus in order to
better umlerstand our current system, and to provide a resource for those who may implement
recycling changes across campus (see: Appendix B: Current Wellesley Campus Recycling Map).

Custodians collect recycling daily or as needed from their assigned buildingsmalye
do some sorting by hand to remove trash or contaminated recycling before leaving it at outdoor
collection sites. Custodians may place bags with a high level of contamination, often food, in the
trash at their own discretion. At collection sites, dalgles are divided into three streams: mixed
paper, commingled recycling, and clean corrugated cardboard. Cardboard boxes from AVI Fresh
dining service and other largeale sources are compressed into bales at two sites on campus.
The College pays (or gaid) a different price to recycle each stream (Figure 1.5.1). Mixed paper
and cardboard are significantly more valuable than commingled recyclables since the raw
material is more easily recycled and less often contaminated.

The College pays Wellesley teking Service $150 per dumpster load to pick up trash
and deliver it to a disposal facility. Until February 2018, all recyclables went to the Town of
Wellesley Recycling & Disposal Facility (RDF), using collegened vehicles. This facility is
only threemiles from campus, and serves the residents and businesses of Wellesley. In February,
the RDF raised its rates on certain types of recyclables to reflect the recent changes in Chinese
national policy (see: Background: China and U.S. Recycling) that limpbits of recyclables
from abroad for processing. Under the RDFOGs
recycle commingled recyclables than it would to dispose of them with its trash. As a temporary
solution, the College is using Wellesley Truuk to take its commingled recycling to the
Covanta Recycling Station in the town of Holliston, ten miles from campus, where the College
also sends its trash. The fee for recycling here is approximately $95 gémetiesley College
will need to make aongerterm decision on where to transport recyclables collected on campus
in the near future.

4von Herder, Dopogheati el fow ES300, 0 April 5, 2018.
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Material/Stream

Cost/Revenue before Feb. 201

Cost/Revenue after Feb. 201¢

Mixed Plastics

No cost

No cost

Cardboard $15/ton revenue $15/ton revenue
Paper $5/ton revenue $5/ton revenue
Mixed Paper & $5/ton revenue $5/ton revenue
Cardboard

Mixed Metals No cost No cost

Glass $10/ton cost $125/ton cost

Single-Stream

$60/ton cost

Stream not accepted

Commingled

$60/ton cost

Stream not accepted

Figure 1.5.1:The costs and revenues for Wellesley to dispose of recycligpst to the

College for recyclables taken to the Wellesley Recycling and Disposal Facility, before and after

February 2018°

55\/on Herder, Dorothea. Presentation to ES 300 class, February 14 and 28, 2018.
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1.6 Background: China and U.S. Recycling

Since undergoing economireforms in the 1980s, China has emerged as a global
superpower . Chinabds enor mous manufacturing i
increasing the internal demand for labor and raw matéfialdigh production costs and
insufficient supply of raw mates encouraged industrial usage of waste materials. As a result,

China began importing wastes, a cheaper alternative, from international sources. China is now
the worldés | argest i mporter of waste @and scr
of waste, with 30% of US recycled scrap exported to Ctina.

In recent years, growing concerns over imported waste quality have forced China to
reconsider its status &<Chinathds distonaally actepted wahsiemp i n ¢
from the Europea Union, North America, Japan, and other neighbouring countries. China
sharply increased its waste imports from these countries in 2000 and import levels have
continued to rise ever siné&This increase in imports resulted in higher levels of illegasefgl
labelled shipments and more highly contaminated and poorly sorted low quality®hste.
response to growing domestic concerns over public health, growing pollution levels, and
environmental impacts, China began a campaign againstaitg laji  fdifgonr eg & bage,
notifying the World Trade Organization in July 2017 that it would no longer accept imports of 24
categories of waste, including plastic, unsorted paper, metal, and*ghaigitionally, China set
goals to replace all solid waste imports witto me st i ¢ sources by 2019, a
Environmental Protection set a maximum contamination rate of 0.3% for current scrap imports,
effectively banning imports due to difficulty for countries to achieve such low contamination
levels®3

These palcy changes in China wil!| have | astin
waste market fully closes in 2019, the US faces a loss of more than $5 billion annually in

%schiavenza, Matt. AChi n@& @mOnelbanti . ncda nTthee i At IMamtuif@a,ct Aiud ingt
https://www.theatlantic.com/china/archive/2013/08/chidaminancein-manufacturingin-one-chart/278366/
SBuxbaum, Peter. i$5 Billion in US Scrap Exports in Je

March 9, 2018https://www.ajot.com/premium/aji-billion-in-us-scrapexportsin-jeopardy

®yoshida, Aya. fARecycling Waste and Goods Trade of Mai
and Recycling in AsiaInstitute of Developing Economies. Institute of Developing Economies, March 2011.
http://www.ide.go.jp/English/Publish/Download/Report/2010/2010 _431.html

¥yoshi da, Aya. afinRde cGocodsngTl rWadset eof Mai nl and China. o0 Inte
and Recycling in AsiaInstitute of Developing Economies. Institute of Developing Economies, March 2011.
http://www.ide.go.jp/English/Publish/Download/Report/2010/2010 431.html

®Bel |, Brent. fAChinads | mport Pol.i aliTkngs CansideredNPR.ect i ng U
Accessed March 9, 201Bttps://www.npr.org/2017/12/15/571199900/chimaport-policiesareaffectingu-s-

recyclingcompanies

6lcol e, Christine. AChutnawWBatin sWiFlolr eHa@ppéMast@e t he Worl dos
ConversationAccessed March 9, 2018ttps://theconversation.com/chibansforeignwastebut-whatwill -
happento-the-worlds-recycling85924

2T ol oken, Steve. fChina to WTO-EnScmomaPl RIsastcisc Nempor tAg ¢
2018.http://www.plasticsnews.com/article/20170718/NEWS/170719892

3Buxbaum, Peter. fA$5 Bil hrdyg. donAm8r S5ceapJBypant soinTda
March 9, 2018https://www.ajot.com/premium/aji-billion-in-us-scrapexportsin-jeopardy
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unexported wast¥. Currently more than 40,000 jobs in the US are supported directlyeby th
waste export industry, with another 94,000 jobs supported indirectly. More than $3 billion in tax
revenue from waste exports are collected at the federal, state, and locdlévelsi c e t he ba
announcement, the monetary value of domestic recycldiaiesdeclined and domestic waste
processors have been forced to consider alternatives for their waste. While the US attempts to
develop markets in other countries, many local waste and recycling processing centers have
begun to limit the amounts and typdsaaste they will accept, leading to increased dumping at
landfills.56 Companies have also been trying to address and enhance trash sorting processes at
local levels by changing curbside systems and using robots within fadfiflsstecycling piles

up ingead of being shipped to China in many municipalities across the US, disposal facilities
have stopped accepting certain types of waste and rec§ling.

At Well esley College, the effects of China
2018, the Towrof Wellesley RDF changed its prices to reflect the low demand for commingled
recycling streams, as outlined aboveBiackground: Current Recycling Practices at Wellesley
Similar price increases have occurred at other facilities across MassactuShtse ripple
effects will likely continue until the US can find an alternate market for its recyclables or limit its
product consumption, and address the source of its waste problems.

4Buxbaum, Peter. #A%$5 Billion in US Scrap Exports in Je
March 9, 2018https://www.ajot.com/premium/ajéi-billion-in-us-scrapexportsin-jeopardy

5Buxbaum, Peter. fA&HpoBRitlsl iionn Jiemo plAS dSic.roapAnEeri can Jour na
March 9, 2018https://www.ajot.com/premium/aji-billion-in-us-scrapexportsin-jeopardy

66Kaskey, Jack, and Ann Koh. AChinads Blow to Recycling
Bloomberg.CombDecember 6, 201 https://www.bloomberg.comews/articles/20112-06/chinas-blow-to-
recyclingboostsu-s-s-185-billion-plasticbet

profita, Cassandra, and Jes Burns. fiRecycling Chaos |
Accessed March 9, 201Bttps://www.npr.org/2017/12/09/568797388/recyclitposin-u-s-aschinabansforeign

waste

68Margolis, Jason. AMountains of US Recycling Pile up a
January 1, 201&ttps://www.pri.org/stories/20181-01/mountainsusrecyclingpile-chinarestrictsimports
®Tuoti, Gerr y. fiMassacthhusEeftftesc tRe cofcl @lrisn a&GrBgpmp.l® ™wie Wel

Accessed April 6, 201&ttp://wellesley.wickedlocal.com/news/20171201/massactssatyclersgrapplewith-
effectsof-chinaban
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1.7 Background: Massachusetts Recycling Laws

Al t hough Chi oyaldasage makeseaatyclingonote idifficult and expensive,
Wellesley College is still bound by Massachusetts laws that require us to recycle. By
implementing waste bans on select items, Massachusetts law indirectly mandates recycling, with
the hopes that impwed recycling rates will rescue resources, save energy, reduce greenhouse
gas emissions, support thousands of jobs, and generate millions of dollars for the economy of the
Commonwealti® By law, banned items cannot be discarded into the trash. The listnokd
materials has grown since its introduction in 1990. Items banned from landfills and incinerators
include metals, glass, plastics, paper, and cardboard, as well as large appliances, lawn waste, and
construction materials.

While all Massachusettst@ens and institutions must comply with the waste ban (310
CMR 19.081), regulation to ensure compliance operates at the-faesity scale. Landfill,
transfer, and combustion facilities cannot accept banned items and are subject to inspection by
third parties’? The Department of Environmental Protection (DEP) may allow a facility or
person to dispose of restricted materials temporarily if the material is contaminated or the regular
recycling facility cannot accept the material as a result of an adrathistror judicial ordef?

Because waste facility operators are responsible for ensuring that banned materials are removed
from disposal and properly recycled, they retain the right to charge fines/handling fees, reject
waste, and restrict waste dispo¥al.

In response to leveledff recycling rates following an increase from 10% to 47% after
the implementation of the 1990 Solid Waste Master Plan, MA Bill S454 {2016) requires
that cities/towns report the amount of solid waste disposed annually to the DiEthe
municipalities are not meeting DEP target waste reduction levels, they must report reasons
why.”®

Wellesley College, as a private institution within Massachusetts, must comply with state
waste bans. The Town of Wellesley does not implement amy s related to recycling. The
town waste disposal system requires residents to personally drive their trash and recycling to the
Town of Wellesley RDF. Disposal is paid for through tax dollars, but in order to use the RDF,
residents must carry a valgkrmit, which they must apply for and then adhere to the windshield
of their vehicle. Residents must agree to register the permit to a single vehicle, and cannot
transfer the permit to other vehicl®T he RDF cl assifies Wellesl ey
Customers, 6 charging the Coll ege per ton of we

"MassDEP. AMassDEP Waste DibhstgsOveven.masB8wncsides/madsalspste. gov, 201

disposaibans
""MassDEP.ERM&WastDe Di s posal [Btasdswwonasslaos/suidas/massdepid 1 8 ,

disposalbans
?MassDEP , 310 CMR, htpsFewbvmasa.goy/laibrdry/31Q@cthd 4 .

“MassDEP , 310 CMR, hitpsFewhvmasa.goy/laibréary/31@ctnd 4 .

“MassDERBur eau of Air a ndouBusirtess and thé&Waste BaSsh WhattYou Need to

Know, 0 Mahttgsh/wwavinass.gov/files/documents/2016/08/xl/wstban01.pdf

S pacheco, Marc, Patricia Haddad, and Péterc ot . A Senate No. 4540 (Senate Dock
®Town of Well esl ey Department of Public Works and Disp
https://www.wellesleymaov/DocumentCenter/View/935
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1.8 Background: Waste and Recycling Profile of Wellesley College

Wellesley College produces an approximate 1,000 tons of trash per year. In 2017, the
college produced 174.7 tons of reloyg, which corresponds to a 17.5% recycling rate. Of these
174.7 tons, Wellesley collected 94.7 tons of commingled recycling and 80 tons of mixed paper
recycling’’

In 2012, the ES 300 class conducted a waste audit of trash collected from the Bates,
Freema, and McAfee residence halls, as well as the Bates Dining’Halsubstantial portion
of the waste the 2012 class sorted was recyclable, with large quantities of paper, plastics, metals,
and glass in the trash (Figure 1.8.1). Other recyclable mateunictlsas evaste and styrofoam
were also thrown out. 33.9% by weight of the materials disposed of as trash are mixed paper and
commingled that could be recycled. Based on this estimate, Wellesley College has the potential
to recycle an additional 323 tons.

Plastics
8%

Metals
3%

Glass
1%

Figure 1.8.1: Percentage of waste comprised of recyclable materials (2012 waste audit).

Contamination from incorrectly discarded items can also pose a problem for recycling
rates. If a particular bag of recycling has too many incorrectly recyclediitsoeh as dirty food
containers or wemptied plastic bottlek the recycling may be too contaminated to be accepted
by a recycling facility. Bags with high levels of contamination are commonly thrown in the trash
by Wellesley College custodiah’.

Fortunaely, the contents of recycling bins coming from residence halls and academic
buildings on campus is relatively uncontaminated (see: Experiments). The recycling profile of

" Lamppa, Rob. Personal communication, January 2018.
®hwaste Not, Want Not: An Environment al | mpact A
for a More Sustainable Future.o Accessed March 1
https://www.wellesley.edu/sites/default/files/assets/departments/environmentalscience/file204s300
wastenotwantnot.pdf

[ Lamppa, Rob. Presentation to ES 300 class, January 31, 2018.
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Wellesley College has the most room for growth with respect to decreasing the arhount
recyclable materials that end up in the trash. However, in pursuit of this goal, we must be

mindful of the potential to unintentionally increase the number of incorrectly recycled items that
contaminate our recycling.
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1.9 Background: Methods for Experiments

In order to test which behavitwased and infrastructutased changes increased
recycling rates, we conducted several experiments in buildings on campus. In each experiment,
we collected trash and recycling from each of our experimental locatmaesper week for three
weeks. We established baseline measurements in the first week, then applied treatments and took
measurements over the next two weeks.

Prior to beginning our experiments, we conducted a baseline measurement of all
experimental andantrol locations to determine the typical recycling and trash behaviors in each
| ocation. The week after first I mplementing i
and the subsequent week is referred dn® as i
Atreatmento floor and one Acontrolo floor to
lectures, etc.) that might influence recycling and trash rates week to week.

With the exception of one experiment that sorted through trash to find iptyent
recyclable objects, we exclusively weighed trash and then disposed of it. For each floor that was
a part of our experiments, including controls, we collected all trash except for trash in bathrooms
for health and safety reasons. Once we collectesth tnad recycling, we took it to the Cazenove
Hall kitchen and dining space (no longer in use as a functional dining hall) to be sorted, weighed
and disposed of.

All measurements are reported in pounds (Ibs). The scales used in these experiments are
unableto measure anything less than 0.2 Ibs. After weighing total recycling, we separated
recycling into paper, plastic, glass, aluminum, other andreoyclable objects. Nerecyclable
objects are referred to as Aincorrecto recycl

Figure 1.9.1: Sorting recycling collection during experimentsCommingled recycling
was sorted into plastic, glass, and aluminum. Each type of material was then weighed
separately.
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Limitations:

Limitations of our data coll ectioacytmet hod s
some degree, particularly in how we weighed commingled recycling. One limitation was that
waste and recyclables were weighed instead of counted. To calculate the percent incorrect
recycling, for example, we weighed the total collection sample, separated the incorrect
recycling from the correct recycling and weighed the incorrect recycling to create a value of
incorrect recycling as a percent of total recycling. We did not count the number of items
incorrectly disposed of in the recycling binshi§ could cause misleading percentages of
incorrect recycling in certain cases. For example, there could be massive amounts of paper in the
commi ngled recycling bins (which would count
the total weight it wuld not seem like there was a significant amount of incorrect recycling
because paper is much lighter than glass. Our data also does not account for how some materials
are more harmful than others when recycled incorrectly. Food and contaminated redgcling
example, may be a smaller percentage of the weight of incorrect recycling than the incorrect
recycling caused by the misplacement of glass in a paper bin, but are more of a concern because
of the potential to contaminate an entire bin of recyclirmnt@mnination is more likely in plastic
food containers, which are relatively light, and many students do not wash them before
recycling. This has implications for our weight measurements and could influence interpretations
of our data.

It is also importanto note that in cases where paper recycling appears lighter than other
types of recycling, more individuals may have contributed to the paper recycling. We believe
that the weight of recycling is not always representative of the recycling participagsnaad
that there are events on campus that contribute to peaks in recycling by smaller groups or
individuals. For example, in almost all residential experiments, we noticed a peak in recycling
during one week, which we believe to be due to acampusparty that caused an increase in
recycled glass and aluminum containers. In academic spaces, lectures and events tend to increase
the amount of recycling and waste generated. While these types of events vary in frequency, it is
important to take into cordgration formal and informal events in residential and academic
spaces that contribute to a large volume of waste.
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2. Behavior
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2.1 Experiment: Recycling Pledges Are Hard to Get, and Have Little
Influence

Overview

Pledges have been shown to be seful tool to increase participation in desired
behaviors. This experiment examined whether the use of public or private recycling pledges
could increase positive student recycling behaviors on campus. We hypothesized that if the
student living in residemchalls took pledgéseither publicly or privatelyy to recycle properly,
they would feel more accountable for their waste disposal decisions and therefore recycle more
often and more accurately. To test this hypothesis, we introduced public and privags ptedg
floors in the Bates Hall and Freeman Hall, and measured the properly sorted recycling over three
weeks. We found that neither public nor private pledging increase recycling rates, and they do
not reduce trash production either. Pledging participatias too low to fully reflect changes to
recycling behavior on participating floors. As participation was greater with public pledges, we
encourage methods emphasizing community to be considered when trying to increase positive
recycling behavior.

Background

Behavioral studies have shown that after individuals agree to an initial request or
commitment, they are subsequently more likely to engage in a substantial activity. The creation
of a pledge has potential to trigger behavioral change by utilizing fheimethied o or &f f ec t .
Pledges can initiate behavioral change by using a commitment technique to overcome barriers
that might hinder a desired goal. Some studies have shown that those who sign a pledge
promising a certain behavior will feel compelltedfollow through with the behavior in order to
see themselves in a positive lightWhile the results of these studies could be applied to
improve many human behavioral issues, the use of pledges for achieving sustainability goals
proves compelling.

We hypothesized that a behavioral change campaign, such as a pledge, could potentially
benefit our recycling behavior at Wellesley. This experiment sought to test the efficacy of
inciting positive behavioral change through social norms (which could be assessegh the
making of a public pledge) and individual perceptions of responsibility (which could be assessed
through the making a private pledge). This type of approach to change behavior is more
behaviorally based than approaches changing the infragsalidasign of our recycling system.

Methods

We collected private and public pledges in two residence ih&lites Hall and Freeman
Hall i because of their identical construction, number of residents, andlefgled recycling
areas. We conducted expeents on the first through third floors of each building where the first
floor was given public pledges, the second floors private pledges, and the third floors a control
treatment of no pledges.

80 McKkenzieMo h 1, Doug. AFostering susttdnadl| o diedha vmarr k & thir oqu
American Psychologisb5(5), 531 537.
81 zurmuhlen, Sara, Shae Frydenlund, and JustimAlir as. @A Col gate recycling project

https://www.colgate.edu/docs/defashurce/defaultiocumentibrary/colgaterecyclingproject.pdf?sfvrsn=0
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Both pledges in this experiment were identical (Figure 2.but some participants were
asked to take it publicly while others were a
taken in the view of others, or posted where anyone could see who had pledged, whereas the
names of signeresdgd weree Apmrliwat® obel seen by -
control treatment, no pledge system was introduced.

Recycling Pledge

l, , want to encourage an atmospher
positive recycling behavior and make Wellesleyeeger, more sustainable place!

I hereby pledge to take the following steps:
- recycle all plastics #¥
- clean my plastic and glass before recycling them
- keep all clean, recyclable paper out of the trash
- reduce, reuse, and recycle!

Signhature
Date

Figure 2.1.1: Recycling pledge distributed to residents of experimental floorRarticipants
filled in their name, signature, and date of taking the pledge for both the public and private
pledges.

For the public pledges, we worked in coordination with the student Residential Assistant
(RA) of each floor to plan a small floor event based around informing residents of the pledge.
Part of the duties of the RA include holding regular gatheringesimt f | oor 6 s common
encourage community growth. We offered attendees freshly baked cookies as a way to
encourage attendance. At the event, we explained the need to improve recycling on campus,
offered the residents paper copies of the pledge to aighthanked them for their participation.
The signed public pledges were then pasted on a decorative wall (created by the RA at the
beginning of the year) behind the recycling bins on the floor, in order to further publicize the
effort and create a visligepresentation of the new social norm (Figure 2.1.2).
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Figure 2.1.2: Public pledges pasted above Bates and Freeman first floor recycling bins.

For the private pledge, RAs distributed the pledge to their residents via a Google form,
and we parallelé the cookie incentive by pinning cookies to the doors of those who patrticipated.
However, the RA of the private pledge floor in Freeman never distributed this electronic
information to her floor and did not respond to follow up inquiries, so we intetdptietedata
collected on that floor as equivalent to data from control treatments.

Figure 2.1.3: Collection and sorting of recycled materials and trash in Cazenove Hall
kitchen.
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Trash and recycling were collected weekly. Following collection, reclgdakere sorted

and weighed by material. Commingled recycling was sorted as plastic, glass, cans, and incorrect
(garbage or contaminated materials), and paper recycling as paper, cardboard, and incorrect

(Figure 2.1.3). On the first collection date, weoatorted through the trash to determine the

percentage of potentially recyclable material that was being diverted from the recycling stream.
This gave us a general idea of the amount of recyclable material in the trash at the time of

collection. For the maaining collection dates, we only continued further sorting of recycled

material. However, we were concerned that some materials we considered to be contaminated

recycling, or trash, had not originally been in that state when they were initially disposed o

Thus, our measurements may not fully reflect the amount of recyclable material being thrown

into the trash.

During data processing, we found an additional, unexpected weight value for
commingled recycling collected on March 4th; though we were ultipnateable to determine

whether this was value was a valid data point or the result of human error, we chose to include it
in our analysis, noting 1.1

Results

Generally, pledge participation was low for both public pridate pledges. Participation
in pledges ranged from 1¥2% of residents on each floor (Figure 2.1.4). Baseline levels of
recyclables in the trash by mass were approximatdl§% in Bates, and approximately-30%
in Freeman. These levels may be undereged, given the number of contaminated materials in

kg of fAwrongo

ma t

the trash that were designated as no longer recyclable and, thus, excluded from the measurement

of recyclables in the trash.

Building and pledge type

Number of participating residentj

Percentage of pacipants

Bates Hall, public 10 32%
Freeman Hall, public 8 26%
Bates Hall, private 3 10%

Figure 2.1.4 Pledge participation rates by building and treatment.Percentages were
calculated as the number of participants relative to the total numberddnesson each floor.

On average, the weight of recycled material decreased over time on floors with residents
that took the private and public pledges, as well as floors that did not participate in the pledge

system (Figure 2.1.5). These results suggest the use of pledging does not significantly

impact recycling behavior compared to no pledging.
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Figure 2.1.5: Average weight (Ibs) of recycled material before and after pledge

commitments. Public and private pledges were taken after making basekasurements. The
weights of all recycled material combined (commingled and paper) were averaged for floors
receiving the control (n=2), the public pledge treatment (n=2), and the private pledge treatment
(n=1).

Separately considering each floor revealgnitial decrease in the mass of items recycled
between the baseline and week 1, but also great variation in recycling mass at baseline and over
time (Figure 2.1.6). We observed an increase in the weight of recycled material between the first
and secondaveek following participation in recycling pledges for both the control floor in Bates
Hall and the public pledging floor in Freeman Hall (Figure 2.1.6). All other trends illustrated
small or large declines in recycling weight. Additionally, the percemnotad waste output that
was comprised of recycling slightly increased in both private and public pledge residence halls,
but also increased in the control residence halls (Figure 2.1.7). These results also suggest that
pledging does not significantly imperecycling compared to no pledging.
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Change in Amount Recycled
Building / Treatment Baseline to Week 1 Week 1 to Week 2
Bates Hall Control -42% 118%
Public -28% -51%
Private -71% -18%
Freeman Hall | control -14% -79%
Public -55% 15%

Figure 2.1.6: Percent change in total amounts of correctly recycled item3.he percent

change in weights of all recycled material combined (commingled and paper) were calculated by
floor between the baseline and Week 1 and between Week 1 and Week dveNegyaentages

reflect decreases in amounts of items recycled.

M Baseline
m\Week 1
I I 5 Week 2

control public private

Figure 2.1.7: Recycling as a percent of overall waste in both residence halls combin€de
percent of the total amount of waste output (trash and all recycling streams) that was comprised
of recycling in the different experiments was calculated.

50

45

% Recycling
= = 8] ] w w I
¥y} (=] (%] (=] (¥ (=] (%] [

o

The percent of material mistakenly recycled showed no trend in both public and private
pledging, as well as in the control treatment (Figure 2.1.8). This result suggests that pledging
does not sigificantly impact rates of incorrect recycling.
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Figure 2.1.8: Total nonrecyclables found in both commingled and paper recycling bins as
a percent of total overall recycling.

The average weight of trash decreased steadily over the course of expeidmenta
(Figure 2.1.9). The private floors exhibited consistently higher masses of garbage than that of the
floors that participated in the public pledge, although the two demonstrated similar rates of
decrease in garbage mass (Figure 2.1.9). These ragydisss that private pledges do not reduce
trash generation as well as public pledging.
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Figure 2.1.9: Average weight of trash before and after pledge commitment®ublic and

private pledges were taken after making baseline measurements. The tottd ofeigish

produced on each floor were averaged for floors receiving the control (n=2), the public pledge
treatment (n=2), and the private pledge treatment (n=1).

Discussion and Conclusion

We sought to determine the effects of using public and pripk#éging to increase
recycling behavior. We expected the pledge to create an increase in properly recycled materials
and, concurrently, a decrease in the amount of trash placed in recycling bins. By specifically
disseminating information about proper relayg through the floor events andnwils, we
sought to change student recycling behavior through education and exposure to a set of
established rules and norms. We also sought to compel people to follow through on their
promises of having better recydajinbehavior through pledging, and hypothesized that this
behavioral change would be reflected in the cleaning of bottles and cans, throwing out of
contaminated food containers, and correct separation of paper and commingled recyclables, and
ultimately in reycling and trash generation levels.

We found that neither public nor private pledges consistently increased the amount of
material recycled. However, given low pledge participation, we were not confident that the full
effect of pledging on recycling behav was reflected in this study. After measuring baseline
trash and recycling production and subsequent recycling and trash production following
pledging, we observed steady decreases in both trash and recycling mass across treatment groups
and the control This trend may reflect weekly variability in waste production across residence
halls and floors within residence halls.
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The public pledge was shown to have little effect at reducing incorrect recycling levels
(Figure 2.1.8). For the private pledge, #hevas only data for one floor (Figure 2.1.8), making
the accurate assessment of the effect of the private pledges on recycling difficult.

The greatest challenge of this study was insufficient participation in the public and
private pledges to confidentlyrelate the response in waste disposal patterns from the pledge
treatments. Because rates of participation ranged fro2%) the small fraction of residents
actually participating in the pledges may not have been significant enough to produce a
measurabe ef fect on the fl oordés recycling profil
more than twice as many people took the pledge on floors that offered public pledges than those
that offered private pledges (Figure 2.1.4). This result suggesthéhgiteater social visibility of
the public pledge could increase the number of people willing to pledge to improve recycling
behavior. Although we could not confidently measure the subsequent effects of pledging on
recycling rates, we do suggest publiegding as a way of engaging residents in recyeling
positive behaviors. Because acquiring participation for pledges was difficult, however, we would
not advocate offering a pledge system as a primary method to encourage proper recycling, but
we would suggdssome system of communal participation in increasing recycling efforts. This
approach is likely transferable to other residence halls, and in concept may be implemented in
academic buildings as well.

Finally, we observed a significantly larger percentafjeecyclables in the garbage bins
in Freeman Hall, at-3 times as much as that in Bates Hall. This effect may be related to the neat
and proper signage on the recycling stations in Bates Hall, as opposed to the unclear signage on
recycling stations in [Beman Hall, suggesting that signage and infrastructure may also affect
behavior.

Ultimately, the amount of recycled material did not increase nor did the amount of trash
decrease in response to private or public pledging. The results of this studyrgalg la
inconclusive given the low pledgerarticipation rates and low number of replicates. Nonetheless,
the greater participation in public over private pledges suggests a potential use of social
encouragement or pressures to promote recyglositive behwaior.
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2.2 Survey: Recycling Motivation/What Inhibits Recycling?

Overview
To identify specific ways in which ecampus recycling could be improved, we decided
to dive deeper and discover the recycling mot

and staff. We created and disseminated a survey, composed of demographic, Likert Scale, and
short answer questions focusing on individual and institutional barriers to recycling, as well as
potential improvements to recycling behaviors. After collectagponses over a weékng time

span, we found that uncertainty over what items can be recycled, lack of accessibility to
recycling bins, and contaminated recyclables were the primary barriers to recycling.

Methods

Our goal was to gauge arampus barrier to recycling and find potential ways to
increase recycling. The survey facilitated our understanding -@@aompus circumstances and
sentiments that complicate or preclude recycling. Since this is a behavior survey, our answers are
a combination of multbe choi c e, Li kert Scale, and o6check
Scale series, our survey provided respondents with five ranks to choose from, ranging from
6Strongly Disagree6 (1) to 6Strongl yndAgenedédsd
background information (student, staff, faculty) and graduation year (if a student), followed by a
Likert scale question with various statements about why respondents might not have recycled
(Figure 2.2.1).

In the last month, recall a time when you didn’t recycle and rank
the following factors as reasons why you didn't recycle. *

1-Strongly  2- Somewhat 4 -Somewhat  5-Strongly

Disagree Disagree 3-Neutral Agree Agree
| didn't think it
wolulnd mz;T:e Ia O (:J (:J O O
difference
| didn't k if
tcould be O O O O O
recycled
Li?rgcén% have O O O O O
| couldn't find a O O O O O
recycling bin
I don'th
eoyclingbinin () O O O O

my room/office
Wi o0 o0 o0 0o O

Figure 2.2.1: Survey question measing reasons respondents did not recycle when they
could have.Responses to 6 statements were given using a Likert scale.
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All these options required respondents to choose whether they agreed or disagreed with a
particular statement. We picked questionpitgpoint where exactly we needed to focus most of
our efforts on, whether it be educating our community about recycling or adding more bins
around campus. We included an optional short answer component where responders could
choose to express any otheagen they do not recycle as much as they should.

Finally, in order to identify what options would motivate individuals to recycle more, we
made a o6check alll t hat applyé question on w
likelihood of recycling, wth the options listed in Figure 2.2.2. Our last question was open
ended, which allowed responders to express any additional thoughts they had about recycling on
Wellesley campus.

What would help you to recycle more? Select all that apply *

|:| More recycling bins around campus

D A personal recycling bin

[T] More information about what can be recycled
Better signage

Incentives ($ for each bottle recycled)

Disincentives (punishment for incorrect recycling)

O 0 00

Cormpetitions (by class year, res hall, or departrment)

(] other:

Figure 2.2.2: Survey question where respondents could identify ways thabuld help them
recycle more.Respondents could select as many options as they wanted and were given the
opportunity to add their own.

Results
We analyzed results to the first question (Figure 2.2.1) as a positive, negative, or neutral
response. Positie r esponses were ones in which the re:

Agreeo or MAStrongly Agree. 0 Negative response
that they fASomewhat Di sagreeo or fAStrobhygly Di
statement to create a percent positive and a percent negative response.

We collected a total of 187 responses: 23 faculty members, 53 staff members, and 111
students. These responses were aggregated by community group in Figure 2.2.3, 2.2.4, and 2.2.5
to identify trends in responses that might be different due to the varying roles filled by each
group on campus.
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Faculty Responses (n = 23)
|

| didn't think it would make a difference T4% 17% 8%
1
| didn't know if it could be recycled 48% 9% 43%
1
didn't have time 78% 8% 13%
1
| couldn't find a recycling bin 48% 0% 52%
1
don't have a recycling bin in my roomJ/office 91% 0% 9%
1
My recyclable was dirty 39% 9% 52%
|
100 0 5 100
Percentage
Response 1 - Strongly Disagree 2 - Somewhat Disagree 3 - Neutral 4 - Somewhat Agree 5 - Strongly Agree

Figure 2.2.3: Reasons faculty respondents (n = 23) did not recydRed/pink colors indicate a
positive response to the prompt, meaning tegpondents agreed that the statemersta reason

they did not recycle. Yellow colors indicate a negative response to the prompt, meaning that
respondents did not agree that the statement was a reason they did not recycle. Grey indicates
neutral responses.

Staff Responses (n = 53)
I

| didn't think it would make a difference T7% 1% 1%
1

| didn't know if it could be recycled 34% 13% 53%
1

didn't have time 58% 17% 25%
1

| couldn't find a recycling bin 45% 11% 43%
1

don't have a recycling bin in my room/office 75% 8% 17%
1

My recyclable was dirty 28% 9% 62%
|

100 0 5 100
Percentage
Response 1 - Strongly Disagree 2 - Somewhat Disagree 3 - Neutral 4 - Somewhat Agree 5 - Strongly Agree

Figure 2.2.4: Reasons staff respondents (n = 53) did not recydlgreen colors indicate a

positive response to the prompt, meaning that the respondent agreed that the stasment

reason they did not recycle. Blue colors indicate a negative resfootieeprompt, meaning that

the respondent did not agree that the statement was a reason they did not recycle. Grey indicates
neutral responses.
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Student Responses (n=111)
1

| didn't think it would make a difference 79% 4% | 17%
1

| didn't know if it could be recycled 21% 4% TE%
1

| didn't have time 56% 20% I

| couldn't find a recycling bin 25% T% - 68%
50

24%

I don't have a recycling bin in my room/cffice T0% T% .

23%

My recyclable was dirty 37% 9% 54%

1

100 50 0 100
Percentage
Response 1 - Strongly Disagree 2 - Somewnat Disagree 3 - Neutral 4 - Somewhat Agree . 5 - Strongly Agree

Figure 2.2.5: Reasons student respondents (n =111) did not recyd¥ue colors
indicated a positive respee to the prompt, meaning that the respondent agreed that the
statementvas a reason they did not recycle. Green colors indicate a negative response to the
prompt, meaning that the respondent did not agree that the statement was a reason they did not
recycle. Grey indicates neutral responses.

All three groups indicated that the three most common reasons they did not recycle were

Al didndédt know if it could be recycled, o dl
di C

rty.ao

Percent of respondents in each group that agreed or strongly agreed, % of respondents

|:| Faculty . Staff . Student
68%

76%

62%

52%

I didn’t know if it | couldn’t find a recycling bin My recyclable was dirty
could be recycled

Figure 2.2.6: A lreakdown of the three most popular responses by campus group.
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While all three groups responded with agre
be recycled, 0 there was variation in the per
76% ofsudent s agreed that they didndét know i f so
53% of staff and 43% of faculty (Figure 2.2.6). This indicates that recycling information
campaigns should be targeted primarily at students.

For the statémaedt afirecygal dndgtbin, o 68% of
compared to 43% of staff and 52% of faculty (Figure 2.2.6). This result might indicate that we
should focus on making recycling bins more clearly available in student spaces, such as
residence hadl, rather than faculty offices.

Whil e a significantly smaller group over al
think it would make a difference, 0 the studer
indicating thatectylcdy ngdgr eveodu | dim@dt make a di ff
positive responses (9% and 11%, respectively) were lower than students (17%) (Figure 2.2.6).

In the second question (Figure 2.2.2), respondents indicated that the top three things that
would help tlem recycle more include: more information, more bins, and better signage (Figure
2.2.7).
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Figure 2.2.7. Aggregated responseStudéntss, i What w
faculty, and staff selected which options they thought would increase thangkerscycling
habits.

Discussion

Our results indicate that three major obstacles to recycling on Wellesley College campus
are uncertainty around what can be recycled, lack of recycling bin access, and soiled recyclables.
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The confusion surrounding winetr or not an item is recyclable can be ameliorated by
providing greater information regarding possible recyclables to our campus community,
potentially in electronic (website, email) or print (canyide posters and infographics) form.
Additionally, ann@al orientations for incoming firgtears can provide a space for recycling
education, equipping all new students with proper recycling knowledge and behaviors. Including
information on what to recycle and not to recycle, as well as other sustainabilityedbc
programming coul d be a wuseful i ntroducti on
Although many other events also occur during orientation, this will serve to normalize recycling
and sustainability on campus. This information could be repeatdiisfoyears and reintroduced
to upper class students by including recycling information on the agenda for the first floor
meeting led by RAs that takes place in the first week of classes.

Second, lack of recycling bin access remains a pressing problefoud bin variation
exists across the academic, residential, and administrative buildings. Differences in bin size,
capacity, shape, and distribution (within buildings) create erasgus inequalities in recycling
ease and accessibility. For examplenewous faculty and staff respondents reported a lack of in
office recycling bins, and student respondents noted a dearth in glass/aluminum/plastics bins in
Clapp Library. A smaller, yet commonly identified issue related to bin distribution and
accessibiliy was inconvenience. Sparsalistributed recycling bins inhibit immediate recyclable
disposal. Instead, individuals must carry around their waste materials until finding a recycling
bin. Establishing more recycling bins across all buildings, possibly ieetrding students and
staff who desire individual bins, would increase the number efabmpus recycling bins,
making recycling a more accessible and convenient task.

Dirty recyclables pose a third major challenge. Individuals with sullied containgrs ma
feel reluctant to place their unclean items in recycling bins. Taking time to clean potential
recyclables poses an inconvenience. Instead, discarding the item in the trash could be, for some,

an easier option. Identifying a dirty recyclable could sesre @aa chal | enge, It sel
highly subjective; what may be considered too dirty to be recycled by some may be still viewed
as c¢clean and recyclable by others. l nsuf fici
recycling leads to not only thdisposal of unclean recyclables, but also the incorrect handling of
the Coll egeds recycling overal/l

Some respondents believed that items diver
were not even being actually recycled, but rather thrown awdythét trash; these sentiments
were al so repeated by me mber s of Wel |l esl|l ey
Wel |l esl eybébs recycling practices, the Coll ege
the conditions of recyclables, and the €afj e 6 s process of , and SV

Knowledge of how the College handles its recycling, if provided to all Wellesley College
community members, could assure individuals that recycling is handled properly, and not merely
discarded as trash. Fuethconfirmation that the College stores recycling securely, with no
access to insects or vermin, matters as well.

Overall, increasing recycling will require action on both individual and institutional
levels. Providing information on what items can amdhrot be recycled on campus, placing
greater numbers of uniform, largapacity bins around campus, and improving recycling
signage were identified by our respondents as the most preferred improvementsatoposs
recycling. On the contrary, recycling cpetitions, disincentives/punishment for improper
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recycling, and the dissemination of personal recycling bins would not help Wellesley to increase
recycling, according to respondents, though some desired their own individual bins.
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3. Infrastructure

50



3.1 Custodians

Custodial staff and facilities are important stakeholders in recycling at Wellesley College.
We conducted interviews with several custodians across campus, some of whom had served in
several buildings before and could speak to the diffaze between buildings. We aggregated
custodian commentary by topic so as to preserve anonymity.

Incorrect Recycling

Because several of our experiments measured incorrect recycling, we asked custodial
staff to share observations about recycling prasti@me custodian in an administrative building
said that students place food in the recycling stream more frequently than staff. Another
custodian expressed similar concerns, saying that though custodians often take out some of the
incorrect recyclables owf the bins, they have to throw out a whole recycling bag if food
contaminates it.

Another takeaway from our conversations with custodians was that there needs to be a
uniform system to recycle cardboard. With the rise of online shopping, more cardboard
coming back to residential spaces that had not previously seen such high volumes of cardboard
recycling. One custodian reported that students often put cardboard boxes in the paper recycling,
which makes the bin fill up faster and causes other papelupts to be thrown away. One
custodian had issues with cardboard boxes filling up the paper bins, so this particular staff
member created a sign for the hallway that asked students to break down boxes and put them
behind the trash bins. Most custodiangmsed to agree that this was the best system for
cardboard recycling in residential spaces.

Sorting Recycling and Deposits

Many custodians reported sorting the recycling themselves, but that the process was not
easy. Several custodians that we spoke teith us that custodians, themselves and others, often
collected and redeemed recyclables for their deposit value. This is an important source of income
for custodial staff, and many expressed that they wanted this option to remain available to them.
The Cdlege has to pay a per ton value to dispose of recyclables (including plastic and
aluminum), whereas custodial staff can dispose of the recycling for supplemental income at no
cost to the College. A recycling setup that separates metals from other igeyolifd facilitate
this collection, and would benefit the College by reducing the amount of recyclables needing to
be sent off campus.

Streams

Two custodians that we interviewed indicated that having more streams would improve
accuracy of recycling andauld not have a big impact on the amount of work they would have
to do. One custodian mentioned that more streams would not be more work because emptying
trash and recycling bins was already a part of their daily schedule and adding a few more bins
would ot lead to a large change of this schedule. Custodians who sorted recycling themselves
commented that it was not an easy process and that it caused them many difficulties. Another
custodian who has worked in both residence halls with four separate rgdyaknand residence
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halls with two recycling bins prefered the midtream system because recycling was more
accurate.

Signage
One custodian believed that students ignored current recycling signage, and suggested
that larger, bolder signage may befusel t o capture studentsd atten

Misinformation and Improved Communication

Through our interviews with custodians we were able to better understand the importance
of communication with facilities in making the recycling process as efficient as |[goSSite
custodian, who was working in a building in which we conducted an experiment, expressed an
interest in becoming better informed of recycling initiatives around campus since custodians are
the people primarily responsible for disposing of recyckablige found that it was important to
consult with custodial staff to ensure that our efforts were not undermined by breakdowns in
communication. We spoke to one custodian who indicated having been instructed to discard
commingled recycling as trash due@hi nadés ban on recycling i mp
legally required to recycle, and custodians do most of the actual recycling of materials, it was
concerning to us that this misinformation was being shared. Incorrect information about
recycling can comtbute to a perception that recycling does not make a difference, and it might
also Ilead to a diminished interest in recycl.
commitment to sustainability. We advocate for clear, accurate information slaariogs all
levels so that everyone along the recycling chain knows what is happening with our recycling
and why.

52



3.2 Experiment: Specialized Recycling Bins Work

Overview

This experiment tested whether cetmrded specialized bins would increasecampus
recycling rate and accuracy. We believed that people being confused about how to sort their
recyclables led to negative recycling behavior, and hypothesized that recycling bins with
specialized, coledifferentiated lids would help people correctietermine which bin they
should place their recyclables. We tested this hypothesis by replacing decentralized recycling
containers with centralized, colooded recycling units in one residential building and one
academic building. By 'centralized’, wdeaeto a group of bins that are spatially close together or
al |l in one central | ocati on, and by &éddecentr a
apart. We found that recycling yield increased when centralized, specialized bins wereeavailabl

Background

The goal of this study was to determine whether changing recycling infrastructure could
increase recycling rates and accuracy. A study conducted by Binder at Western Michigan
University found that replacing classroom bins with centralin¢éelgrated waste receptacles in
the hallways of an academic building decreased the amount of recyclables thrown in tffe trash.
I n Wellesley Coll egeos residenti al buil di ngs
buildings have standardized btiift recycling on each floor, while others have labeled, movable
bins (Figure 3.2.1). Even within a building, these bins are not always placed in the same location
on each floor. Reid showed that moving containers to locations near common activities increased
recyding,®® while Duffy showed that placing specialized lids that matched the shape of the
recyclable object onto recycling bins increased the bevesyeling rate by 34% and reduced
the number of contaminants by 9%8¢6fstad et al. similarly found that ingshenting separate,
specialized recycling bins helped students recycle fdoMe hypothesized that centralizing and
standardizing waste and recycling receptacles and adding specialized lids would increase
recycling accuracy. Centralized systems have alrbagy implemented in some other parts of
campus, including the Science Center and the Lulu Chow Wang Campus Center.

Based on these experiments done by previous researchers, we decided to focus on two
on-campus buildings, one academic and one residetdialetermine whether the addition and
removal of specialized bins influenced recycling rates differently based on the type of building.

82 Binder, Katherine J. "The effects of replacing dispersed trash and recycling bins with integrated waste receptacles

on the accuracy of waste sorting in an academic building." (2012).

83 Reid, Dennis H., Paul D. Luyben, Robert J. Resyand Jon S. Bailey. "Newspaper recycling behavior: The

effects of prompting and proximity of containergfivironment and Behavi@, no. 3 (1976): 47482.

84 Duffy, Sean, and Michelle Verges. "It matters a hole lot: Perceptual affordances of waateersmnnfluence

recycling compliance.Environment and Behavia@rl, no. 5 (2009): 74749.

8 Ofstad, Sunita Prugsamatz, Monika Tobolova, Alim Nayum, and Christian A. Kldckner. "Understanding the
Mechani sms behind Changi ng RbyApplyieglaonpeteysivd Actiboy Behavi or
Determination Model.'Sustainabilityd, no. 2 (2017): 204.
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Figure 3.2.1: Built-in recycling bins in an East Side residence hallThese standardized
recycling bins are on eacloér of the East Side dorms: Bates, Freeman, and McAfee.

Methods

In order to test the significance of specialized bins, we removed specialized bins from
one location on campus and added them to another space. We removed the centralized waste
disposal bin®n the ground floor of the Science Center, near the elevator and Science Library. In
these locations, we replaced the centralized waste disposal bins with three separate bins of
different shapes and sizes. The new bins at each location consisted afl@essdrey round bin
on wheels for trash, one blue rolling bin with a black flip lid for recycling paper, and one square,
blue bin with a lid with a circular hole for recycling plastics and commingled items.

In Shafer Hall, a residential building, we rewed the decentralized recycling bins on the
second and fourth floors. Decentralized bins were not located next to one another. We replaced
the removed bins with a centralized recycling station with three separate, but idestmdly
recycling units forrecycling paper, plastics, and glass/aluminum. The paper bin had a blue lid
with a thin paper slot, the plastics bin had a grey lid with a circular hole, and the glass/aluminum
bin had a black lid with a rectangular opening (Figure 3.2.2).
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PLASTIC ONLY

4

Figure 3.2.2:Specialized bins in a residential BuildingThe new recycling bins featured three
identical bins, with specialized lids and labels. The grey bin with a thin paper slot was for paper,
the blue bin with a circular hole was for plastic, and the black binaméttangular opening was

for glass and aluminum. The trash cans were kept the same.

We identified control areas in each building against which we compared our changes. In
the Science Center, our control areas were the bins on the first floor neainhellsand the
Leaky Beaker, a popular study spot and retail location. In Shafer Hall, we established the first
and third floor, with bins unchanged, as our control floors. The second and fourth floors were our
treatment floors. We did not measurereayai i n Shafer Hall s basemen
significantly fewer residents inhabit those floors.

We removed and replaced the freatment bins on a Sunday evening. Afterwards, we
collected and weighed the contents of each bin in both our treaamdntontrol groups as
baseline measurements. Collections took place every Sunday evening for two weeks after the bin
changes had been made.

We sorted the recycling collected from our treatment and control groups to determine a
percent accuracy for eachinb In order to do this, we weighed each bag, then separated
commingled and paper bags into paper, plastic, aluminum, glass, and incorrect materials (trash).
We then weighed separately each particular grouping of recyclables (plastics, aluminum, glass,
paper) from the bags to determine the percent composition of the bag. Since our residential
experiment asked individuals to separate their recyclables into paper, plastic, and glass and
aluminum streams, we measured the experimental bags by weighing thadmagsially, then
sorting out incorrect recyclables and weighing the incorrect amount. The scales used for this
experiment did not capture the weight of an item less than 0.2 Ibs, so items that did not register
were listed in the notes of the datasheet.
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Results

Both Science Center floors exhibited | ower
floors, and Shafer Hall had higher total recycling yields than the Science Center. When
comparing the average weight of recycling yields across bin treatamehtbuilding type
(academic and residential), baseline weights across the buildings were slightly greater than the
manipulated floors (Figure 3.2.3, Figure 3.2.4). The residential building, Shafer Hall, exhibited
higher recycling yields than its academauinterpart, the Science Center.

Shafer

W W & &~ U
o o u o

Recycling Weight (Ibs)
e el
i o oo oW

=]

Baseline Control Experimental

B Total Weight B Total Incorrect Weight

Figure 3.2.3: Weight of recycling before and after introduction of specialized bins in
Shafer.Week 1 and 2 are aggregated together for control and experimental floors.

The removal of specialized bins on the groundiflof the Science Center led to a

decrease in overall recycling, though there was also a decrease in our control (Science Center
1st) (Figure 3.2.4).
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Science Center
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Recycling Weight (Ibs)
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Figure 3.2.4: Weight of recycling before and after removal of specialized bins in the Science
Center. Week 1 and 2 are aggregated together for control and experimental floors.

Two of our Week 1 treatment recycling yields (Shafer second and fourth) increased in

comparison to their respective baseline meas:
sawa decrease in total recycling from Week 1 to Week 2 (Figure 3.2.5).
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Figure 3.2.5: Changes by location in total recycling weight before and after
introduction/removal of specialized bins.Specialized bins were removed on Science Center
Ground floor §CI G) and added to Shafer Hall Second floor (SHA 2) and Shafer Hall Fourth
floor (SHA 4). Science Center First floor (SCI 1, specialized bins), Shafer First floor (SHA 1,
nonspecialized bins), and Shafer Third floor (SHA 3, 13pecialized bins) acted asntrol
groups. Data was not collected for Week 2 in both Shafer First and Shafer Third.

The second floor of Shafer Hall had the lowest baseline measurement at 6 Ibs, while
Shafer fourth floor had the highest, at around 12 Ibs. Week 1 measurementsgivesé dimong
the treatment floors, 14 Ibs and 18 Ibs for Shafer Hall second and fourth, respectively. All floors
had consistently low amounts of incorrect recycling yields (Figure 3.2.6). While total weight
varied across the floors, the introduction of@gkized bins on the treatment floors reduced the
amount of recycling overall and the amount of incorrect recycling (Figure 3.2.6).
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Figure 3.2.6: Changes in total recycling weight before and after introduction of specialized
bins in Shafer Hall. Datawas not collected for Week 2 in both Shafer first and Shafer third
floors.

The amount of incorrect recycling decreased from the original amount of incorrect
recycling with the introduction of specialized bins in our experimental group (Figure 3.2.7).
Figures 3.2.7 and 3.2.8 illustrate a decline in incorrect recycling across both the academic and
residential buildings.
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Incorrect recycling over time, Shafer M Baseline Ml Week 1 [ Week 2
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Figure 3.2.7: Incorrect recycling over time in Shafer Hall. Data was not collected for Week 2
on both of our control floors (Shafer §irand Shafer Third).

While the control recycling bins (specialized bins) in the Science Center remained at

100% correct recycling throughout the experiment, incorrect recycling showed no clear trend
over the two week period with the removal of specidlizms (Figure 3.2.8).
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Figure 3.2.8. Incorrect Recycling Over Time in the Academic Building.

Discussion and Conclusion

Our data shows that the introduction of specialized bins improved recycling yields and
accuracy. Less than 10% of the recyclables colected and measured were placed in the
incorrect specialized bin. Furthermore, incorrect recycling declined over the course of the
experiment, suggesting that Shafer Hall residents grew accustomed to the new, specialized
system and were knowledgeabfepooper separation and disposal techniques.

Although the recyclables sampled from the Science Center and Shafer Hall showed
relatively low inaccuracy, incorrect and unclean recyclables, along with plain detritus, were
present in the recycling stream.tHis experiment were hypothetically scaled up to an entire
residential or academic building, the College would have to implement measures, such as larger
specialized bins and/or more numerous bins, to enable greater recycling and reduce inaccuracies
and tashstream diversion. Nevertheless, the introduction of specialized bins was successful at
increasing correct recycling, demonstrating the usefulness of specialized bins. If specialized bins
were implemented across campus, recycling yields may increaskewnsdid during our
experiment, yet incorrect recycling may still occur.

During our experiment, we also increased the number of recycling streams from two
(paper/cardboard and commingled) to three (paper, plastic, and glass/aluminum). The specialized
bins separated glass and aluminum from the commingled stream, creating a third stream. Based
on the results of this experiment, we conclude that collecting in more streams encourages more
accurate and frequent recycling choices.
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3.3 Experiment: Convenience Maters, But Only Modestly

Overview

Convenience has been shown to have important influences on recycling behavior. We
hypothesized that people might place recyclables in the trash because of the relative ease of
discarding objects in trash bins compared to ridative difficulty of properly disposing of
recyclables in recycling bins. To determine if recycling rates at Wellesley College were
influenced by convenience of disposal, we conducted experimental interventions in Claflin Hall
and Lake House, two resia#al halls on campus, and measured changes in the amount of waste
production. We implemented two interventions in each hall. In the first intervention, we added
lids to trash bins to increase the difficulty of waste disposal in trash bins. In the sseayale
students reusable tote bags to store recyclables in their rooms to increase ease of recycling. We
hypothesized that recycling rates would increase due to these interventions. Our results show that
while total recycling rates modestly increased athbcases, trash disposal rates were not greatly
affected by our interventions.

Background

The effects of convenience on recycling behavior and rates has been widely documented.
Past studies have found a link between proximity of recycling locationsideoed here as a
factor of convenience, and high participation rates in curbside pickup pro@ramditionally,

Wellesley College Sustainability Coordinator, Dorothea von Herder, indicated that experiments

on Harvard Uni ver si t y osaglent@lastagent secytliisgwates imdneasedh t h
when students were instructed to hang a recycling tote bag on their dorfd \Aomirrored the

Harvard University study and assessed the influence of convenience on recycling rates at
Wellesley College by hanggpn a r ecycl ing bag on each dorm r ¢
findings described previously, we predicted t
behaviors because they were convenient, clearly labeled as recycling bags, and residents may not
have had recycling receptacles prior to the intervention. Further, the bags were simpler to use
than conventional bins because they had handles and could easily be carried down halls to
recycling bins.

Making trash disposal more difficult has also beenlisd as a way to increase recycling
participation. Research on garbage disposal patterns in Portland, Oregon found that increasing
garbage disposal fees leads to an increase in recycling program partidp&ionilarly, a
weightbased garbage disposalefencouraged higher recycling rétéIhese trash deterrents
were financially based and made trash disposal more challenging by raising the cost. Rather than
financial deterrents to trash disposal, we chose to implement a physical deterrent: trash can lid

86Nyamwange, Moni ca. APublic Perception of StrThe egi es f
Journal of Environmental Educatioduly 15, 210.

87von Herder, Dorothea. Interview. April 13, 2018.

88H0ng, Seonghoon, Ri chard M. Adams, and H. Al an Love.
Solid Wastes: The ClamlobEhvirdhmental E@omothics a@iMamagemsefember,

1993.

89Bartelings, Hel een and Thomas Sterner. fAHousehold Was
Determinants of Waste Di s pEaviranhental Bnel Resauiceé Branormahme, 196 mp o st i

62



We tested the effectiveness of increasing physical barriers to trash disposal by adding lids to
trash bins. Most trash bins on campus currently do not have lids.

The relevant literature suggests that making recycling bins more accessible and trash bins
less accessible should increase recycling rates. We decided to test this hypothesis at Wellesley
Coll ege to see effects on the specific infr;
community members.

Methods

We implemented the experiment ore tfirst, second, and third floors of Claflin Hall and
Lake House. The first three floors of Claflin Hall have an average of 30 residents each, with a
student RA on each floor. Lake House is a freestanding building (not attached to a dining hall)
with an awerage of 23 residents per floor and no student RAs. While we mainly wanted to study
waste disposal rates of residents in their respective halls, we noted that in both residence halls,
trash and recycling bins on the first floor were likely to be more atiiesdo the entire campus
community than bins on the second and third floors.

We collected trash and recycling from residence halls between 5 and 7 pm on Sundays.
We chose to collect at this time because trash is not collected by custodians betweeanBriday
Sunday, meaning bin contents would be largest and least disturbed. Following baseline
measurements, we placed round lids on every trash bin on the first floor of Claflin Hall and Lake
House (Figure 3.3.1). We plThasdicigdintendedtols orotims t h e
trash can. Please replace it after use! If you have any questions or concerns, please contact
Sustainability Coordinator Dorothea Von Herder.

Figure 3.3.1: Trash bin lid intervention on the first floor of Claflin Hall. The picture shows a
lidded trash bin on the first floor of Claflin Hall.
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On the third floors of Claflin and Lake
with a note explaining how to use them, as shown in Figure 3.3.2. The totes were blue and said
ifWe Recycl e. 0 The noDea Resident®), Wearetinhplementiog aenew e a
recycling system on your floor. Please keep this bag on your door and place all your recyclables
inside it. When the bag is full, sort your recyclables into the @mmte bins on your floor. If
you have any questions, contact Sustainability Coordinator, Dorothea von Herder. Thank you
for your cooperatiorn

Figure 3.3.2: Recycling tote intervention on the third floor of Claflin Hall The image shows
a Well eRbeychwe tote placed on the door of a

For the two weeks of intervention, we sorted and weighed bags of recycling. For paper
and cardboard recycling, we removed and weighed trash items and incorrectly recycled
commingled separately, and weighed the remaining correctly recycled paper and cardboard. For
commingled recycling, we sorted and weighed trash and incorrectly recycled paper products
separately. For both paper/cardboard and commingled recycling, we measurecesetrtéte
total weight of the bag.

To assess the effectiveness of our interventions, we measured total waste disposal, and
recycling rates as a percentage of total waste disposal in Claflin Hall and Lake House. Because
we calculated trash weights by sulbtrag empty bin weights from the combined bin and content
weight, some weights were approximated rather than directly measured. For bins whose weights
we approximated, we assumed the content weight to be 1 Ib if the weight of the empty bin was
greater tharthe approximated weight. For bins which were heavy enough to trigger a scale
reading (i.e. weight was not approximated), but had an empty bin weight greater than the
measured weight, we assumed the content to be 1.5 Ib. We collected waste betweem® and 7
during the first two weeks of our experiment, and at 4 pm during the third week.
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Results
Total waste production

Across both residence halls, total waste disposal did not change significantly following
two weeks of intervention treatments (Figure.3)3 Similarly, there were no appreciable
changes to either trash or recyclable disposal. Disposal levels remained similar to baseline
measurements across all treatments (Figure 3.3.3).

Total Waste Production

120

100

Wastetype
W Recyclable
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Figure 3.3.3: Total waste production following bin/lid interventions in two residential
buildings. Weekly recyclable and trash disposal weights (Ibs) in Lake House and Claflin Hall. In
the bags treatment, trash and recyclable disposal rose in Week 1 but fell in Week 2. In the control
and lid treatment, trash and recyaadisposal decreased from the baseline.

Although we saw no appreciable trends across the data, we noted some minor trends
within residence halls. In Claflin Hall, we observed an increase in correctly recycled material
following the addition of trash bihds (Figure 3.3.4A). Lake House produced similar levels of
total waste compared to Claflin Hall (Figure 3.3.4B), despite having 10 fewer residents on
average per floor compared to Claflin Hall. Additionally, while waste disposal in Claflin Hall
remainedsimilar across treatments (Figure 3.3.4A), there was greater variation in waste disposal
across different treatments in Lake House (Figure 3.3.4B).
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Figure 3.3.4: Total waste disposal in both Claflin Hall and Lake HouséMleasurements of

total amount ofrash, incorrectly recycled material, and correctly recycled material A) Claflin

Hall and B) Lake House residence halls. In Claflin Hall, we observed a small increase in correct
recycling following the trash bin lid treatment. Lake House disposal weightseocontrol and
treatment floors were more variable and inconclusive.

Trash Disposal

We observed that baseline levels of trash disposal on treatment floors were low compared
to those on control floors (Figure 3.3.5). However, we also found that these fenerally
stayed low during the experimental period (Figure 3.3.5), suggesting that the interventions may
have helped to maintain low levels of trash production on the experimental floors.
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Figure 3.3.5: Total levels of trash production in Claflin Hall and Lake House.The total
weight of trash produced in both Claflin Hall and Lake House during the experimentation period
were measured.

Recycling Rates

Following two weeks of intervention, total recycling rates increased across all treatments
(Figure 3.3.6), but levels of correct recycling remained consistent with baseline measurements
(Figure 3.3.6). This suggests that more items were being incorrectly recycled each week
following interventions.
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Figure 3.3.6. Rates of A) total and B) incorrecrecycling in Claflin Hall and Lake House.

Total and correct recycling rates, calculated as a percentage of total waste production and total
recycled material by weight, for Claflin Hall and Lake House residence halls during baseline,
Week 1, and Week 2Across the treatments and control we observed an increase in total
recycling. In the lid treatment, incorrect recycling in Week 1 and Week 2 were lower than the
baseline percentage. Weeks without bars indicate 0%.

Discussion and Conclusion

Our results syported our hypothesis that total recycling levels would increase with the
implementation of recycling tote bags and lids on trash bins (Fig. 3.3.6). Our results show a total
increase of recycling in both treatments, with Claflin Hall experiencing a gefétet than Lake
House. Our interventions did not have a significant effect on trash disposal, as overall trash
production was comparable to greervention values (Fig. 3.3.5). This could have resulted from
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natural variation in recycling patterns, oredto orcampus events that altered the amount of
overall waste, much of it recyclable, that was produced. There was a popular -weichgppsirty

the day before trash collection in Week 2, which may have influenced waste generation levels
generally. Our basiee measurements indicated that recycling behavior was quite varied,
between residence halls and even between floors. Subsequent measurements indicated that these
distinctions generally persisted throughout the experiment period, suggesting that the
interventions did not significantly influence recycling or trash production rates (Figure 3.3.4).
Though recycling rates were seemingly larger than our baseline measurement, there was also a
noticeable increase in recycling production on the control floors abi Muildings, thus
indicating that increase in recycling on treatment floors might have been affected by natural
variations in the recyclable disposal rather than a result of the interventions.

Though our interventions were successful, our observatimeslesl some challenges to
permanently implementing them. Differences in bin locations and lack of uniformity between
buildings, and even between floors, potentially affected our results. Though there is relative
uniformity in the locations of trash cansliake House, there is less uniformity between floors in
Claflin Hall. Some of the trash and recycling bins on the first floor are located in common areas,
which could have influenced the amount of material collected from each source. Additionally,
some lage trash cans in Claflin Hall were located inside bathrooms, which we could not collect
for sanitary reasons. On the first floor of Claflin Hall, the trash can in the kitchen area was a
different size and shape than all other trash cans. We did not wasgih ftom this bin because
it did not have a counterpart on Claflin Hal/l
hours earlier in Week 2 than in baseline collection and Week 1, which could have also
potentially altered our results.

The addiion of lids to previously open trash bins was met with resistance by custodians,
who removed the lids each day throughout the length of each experiment because it created extra
work for them. Lake House custodians removed the trash bin lids in the egslpid&/eek 1
due to inconvenience. If we permanently add lids to trash bins, we should clearly communicate
with custodians about the changes and gather their input before implementing new standards and
rules.

We do not recommend the implementation of lais trash cans due to their difficult
implementation. Apart from custodian complaints that we received from the onset of our
experimental setup, we also learned that trash bin lids had previously been phased out by order
of the Facilities Department. In thpast, lids had been on trash cans throughout the campus, but
facilities chose to remove them due to the physical hassle for custodians and the inconvenience
presented when the lids got dirty and had to be washed. We recommend providing recycling bags
for dorm rooms as it is easy to implement and shows potential to increase correct recycling rates.
Wel |l esl ey Collegebs Sustainability Coordinato
of recycling bags throughout campus, granting institutional stipgoverall, we do not
recommend lids on trash cans, and we recommend providing recycling bags to students arriving
during movein.
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3.4 Experiment: Messaging Does Not Change Recycling Rates

Overview

We were concerned about low recycling efficiency onwradlesley College campus due
to individuals disposing of recyclables in the trash and incorrectly recycled waste. This
experiment evaluated the effect of implementing signs as reminders to recycle on recycling
behavior. We hypothesized that placing sigmsrdrash bins with messages reminding people to
recycle would increase recycling rates, decrease the amount of recyclables thrown in the trash,
and decrease the amount of recycling thrown in the wrong container. Our experiment took place
in a residence tla(Beebe Hall) and an academic building (Clapp Library). We created signs
with different messaging strategies and placed them over every trash bin on three treatment
floors per building. We weighed trash and recycling once per week for three weeks ttserted
recycling, and measured how much waste was incorrectly recycled. We found that signs with

Ai nvali datingo messages |l ed to a slight i ncr
recycling while fAvalidat i ng ohadano gnpaft®roaamégative n o r m
impact.
Background

Recycling infrastructure varies across bui

Library, recycling bins are spatially further apart. Trash cans are similarly dispersed. All floors
have unique bin aangements. Students, faculty, staff, and guests to the College use the space
for academic or professional purposes between 8 am. and 12 am. In Beebe Hall, a residence hall,
each floor has a nearly identical setup: two large garbage bins placed nexg® @tamingled
recycling bin and a large paper recycling bin, located in a common space. This setup is typical
for most residence halls on campus.

Recycling signage is inconsistent across the College campus. For this experiment, we
investigated only the fdcts of signs intended to remind people to recycle, not provide
information on what to recycle. Although student groups (including Residence Life, the eampus
wide network of student and professional staff that manage comnriunithyng in residence
halls) and professional offices have introduced signs reminding people to recycle and what to
recycle in some locations, many areas around campus simply havenadedsigns with varying
levels of clarity. The lack of clarity in signage makes it difficult foementhusiastic recyclers to
locate bins and, when they do, determine which items belong in each one. We believe this
ultimately lowers recycling rates across campus. Trash cans that exist without a nearby recycling
bin may perpetuate the problem of commtyimembers throwing recyclables in trash if
recycling is not an instinctive habit and there is no remitoleecycle signagé’

In addition to confusion, many individuals throw their recyclable materials in the trash
because they do not think to recydie.this study, we placed signs directly over trash cans in
Clapp Library and Beebe Hall to remind waste producers about the option to recycle directly
before throwing away possible recyclables. Shifting the messaging on signs from a neutral
message suchsa si mply fARecycle!l! 0 to messages that

90 Block, Lauren G. and Punam Ardan Ke | | er . fEffidady end Vigidnes$ on he Pefsuasiveness of
Heal t h Co mmlournal®CorswumersPsyoholo§yno. 1 (1997): 3154.
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recycling have been shown to increase recycling rates even when recycling was incofivenient.
Signs that use eyeatching features, such images and unique designs, have been shown to
increase the likelihood that people will not only notice the signs, but actually stop to read them.
A study by White et al. (2002) found that signs that validate the difficulty of recycling, but
persuade people to recycle anyways, were effective at inogeasiycling®? Similarly, Cialdini

et al. (2006) found that injunctive nofbased signage can positively increase compliance to
messaging® We predicted that noticeable signs with effective messaging strategies, especially
validation and social norms, wabimprove recycling on the Wellesley College campus.

Methods

We conducted our experiment in Clapp Library, an academic building, and Beebe Hall,
an averagsized residence hall. We designated one floor per building as a control floor and three
floors per building as treatment floors. We applied a different signage treatment to each
treatment floor. As shown in Figure 3.4.1, one treatment involved the placement of a

Avalidatingo sign, similar to t h%Thevvalidding ati ng
sign acknowledged the additional inconvenience of recycling and encouraged individuals to
recycle despite this inconvenience. It stated

saves money and the environment. o

The second trewaalmedat iumsgea singni,i nwhi ch usec
invalidating signage read, APLEASE RECYCLE!
environment. o

A third Asoci al nor mo -bdage@ mdssagends showenet@ bea s C
effective by Cialdini efal. (2006)*Soci al norm signage said APLEA
recycl es! Pl ease do your part.o

All sign treatments used the same font, color, and images. The only difference between
the sign treatments was the language. Signs were placed above eatlinti@slithe treatment
floors (Figure 3.4.2), with arrows drawn in black ink pointing to the nearest recycling bins. The
control treatment did not include any signs other than to distinguish trash and recycling bins.

Twhit e, Paul H. et al. #AClinical Validation and Cognit |
Recycling. d Lawr ence htbs:/lcdlectioms.libiusls.arwdetails?eds7073830 0 2 .
92White, PaulH et al . f@dClinical Validation and Cognitive EI at

Recycling. o0 Lawr enc e htbs/lcdetioms.libugls elwdetails?eds7073830 0 2 .

93 Cialdini, Robert B., Linda J. Demaine, Brad J. Sagarin, Daniel W. Barrett, Kelton Rhoads, and Patricia L. Winter.
AiManaging Soci al N o r rBacialfinfluenceP, aa 19 Maeclks 2006 B15. mpact . 0
https://doi.org/10.1080/15534510500181459

%white, Paul H. et al . ACI i ion Bignk That &rcouchgetSustained and Cogni t |
Recycling. o0 Lawr ence htbs/lcdetioms.libusls enl@thila?td€/873832 0 0 2 .
®cialdini, Robert B. et al. A Ma rSac@liiniugnce, o 1 (MarchNor ms f or

2006): 3 15. https://doi.org/10.1080/15534510500181459
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Validating Invalidating Social Norm

W PLEASE W4 PLEASE |44 PLEASE
§f RECYCLE! g RECYCLE! & RECYCLE!

g It may be inconvenient, | B It's not that hard to
pore but it saves money
01 and the environment.

p D0

Wellesley recycles!

8509 save money and the Please do your part.

NS J -
L) environment

e

Figure 3.4.1: Signs created for mesging experimental treatmentsWe created signs with
messages communicating (from left) validation, invalidation, and social norms.

W PLEASE

|
BR RECYCLE!

Wellesley recycles!
Please do your part.

W PLEASE
B RECYCLE! g

save mane and the
enrurment

Figure 3.4.2: Messaging experimental treatments in Clapp Librry (left) and Beebe H'aII
(right).

We collected traskand recycling for a baseline measurement on a Sunday evening and
put up signs the following Tuesday morning. We implemented each of the three treatments on
three different floors of each building (Figure 3.4.3). The elavgl floor of each building was
designated as the control floor, with no signs.
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Floor Treatment
Beebe 1st Control
Beebe 2nd Validating
Beebe 3rd Invalidating
Beebe 4th Social Norms
Clapp 1st Validating
Clapp 2nd Control
Clapp 3rd Invalidating
Clapp 4th Social Norms

Figure 3.4.3: Floor treatment designations for Beebe Hall and Clapp Library.

Over three weeks, we collected data each Sunday afternoon. In total, we measured one
baseline and two experiment al measurements pe
incorrecty recycled contents, such as garbage in a commingled bin or plastic in a paper bin, to
create a measurement of the percentage incorrect.

We compared the treatment values to the baseline values and to the control treatment to
measure changes in recyclingdatrash disposal. In addition, we focused on how the percentage
of incorrect materials in the recycling changed in response to the treatments we introduced.
Total waste is defined as combined trash and recycling weight per bin location.

Some of the soed recycling weighed less than 0.2 Ibs and did not register on the scale.

In cases where there was waste present but the scale did not register a weight, we noted the
weight as 0.1 Ibs.

Results

Recycling as a percentage of total waste in Beebe Hall shimmedbservable trends for
any treatments, and remained at roughly 40% throughout the experiment. The weight of trash
disposal varied substantially over time, and recycling as a percentage of total waste also varied.
We observed a rise in recycling as ageatage of total waste in the control and invalidating
treatments (Figure 3.4.4). I n the soci al nor
dropped over the experimental period, with a more pronounced drop in Week 1. The validating
treatment ex@rienced a rise in percent recycling of waste in Week 1, but then decreased in Week
2.
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Beebe Control Beebe Beebe Beebe Social
Validating Invalidating Morm
Treatment
Figure 3.4.4: Recycling as a percentage of total waste in Beebe Hall.
Beebe Hall 6s percentage of incorrect rec.)

treatmentand to a lesser degree in the social norms treatment, though overall recycling levels
did not increase greatly in those treatments. Percentage of incorrect recycling decreased each
week in the control treatment. The invalidating treatment resulted irmpotary drop in
incorrect recycling, but the percentage rose again in Week 2 (Figure 3.4.5).
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B Week 1

Weel 2

% of Total Recycling Incorrect
(=]

0
Beebe Control Beehe Beehe Beebe Social
Validating Invalidating Marm

Treatment

Figure 3.4.5: Percent incorrect recycling in Beebe Hall under different messagintncorrect
recycling decreased in the control, increased greatly in theatialigtreatment, and increased to
a lesser degree in the social norm treatment.

In Clapp Library, recycling as a percentage of total waste was higher than in Beebe Hall
(Figure 3.4.6). Over the course of the experiment, the recycling percentage deanetised
control and in every treatment with the exception of the invalidating treatment. In total, we
collected less waste from Clapp Library, so the small amounts of incorrect recycling varied
widely as a percentage (Figure 3.4.7). We saw a sharp indreaseorrect recycling in the
social norm and invalidating treatments, and a decrease in the control and validating treatments.
In the second week of the experiment we found nothing recycled incorrectly in any treatment.
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Figure 3.4.6: Recycling as a peentage of total waste in Clapp Library under different
messagingRecycling as a percentage of total waste increased in the invalidating treatment and
decreased in both the validating and social norms treatments.
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Figure 3.4.7: Percentage incorrect regcling in Clapp Library under different messaging.
There is large variation in the amount of incorrect recycling. In the social nhorm treatment, the
percentage significantly increased during WeelK@bar is equivalent to 0%.

Discussion and Conclusion

Wef ound that #Avalidatingo and fAsoci al nor me
recycle do not result in increased rate or quality of recycling. In some treatments they even had
the opposite effect.

We expected to find a higher percentage of recychitg respect to total waste in each
treatment after putting up signs, with the control remaining the same each week. In Beebe Hall,
only the invalidating treatment and control measurements showed clear increases above the
baseline (Figure 3.4.4). In Clappbrary, following validating and social norms treatments,
recycling quantity decreased as a percentage of total waste after our first collection, as did the
control. Only the invalidating signs had a positive effect on recycling quantity (Figure 3.4.6).

We expected to see the percentage of incorrect recycling decrease after the sign
implementation, indicating that people were paying more attention to the bin types, but in Beebe
Hall this also did not happen except in our control (Figure 3.4.5). Not adlyindorrect
recycling increase, but the validation and social norms treatments also saw less recycling overall
and more that was incorrectly recycled. These types of signs were clearly not as effective as
hypothesized. Clapp Library had so little overaltycling that even one plastic or glass bottle in
a paper bin could make a large percentage of the weight incorrect, so the variability in
percentage of incorrect recycling (Figure 3.4.7) was largely not informative.

In both Beebe Hall and Clapp Librarghe only treatment that showed consistent
improvement in recycling rate and accuracy was the invalidating treatment. This was surprising
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because previous studies have shown that validating and social norms messaging are more
effective.

Overall, variabiliy in data sets with low sample size made it difficult to pinpoint distinct
trends and determine the most effective treatment. Two weeks may not have been enough time to
see if the observed changes in recycling rate and accuracy were lasting or jusrahdoho
variati on. Part of the efficacy of signs r el
attention at the moment when they are thinking about disposing of items. So, signs should have
the strongest effect when they are new. However, we isdgvilnpact in our first two weeks,
when the signs were relatively new. Thus we question whether signs would be more effective in
later weeks.

Having more baseline measurements would have more accurately demonstrated typical
waste level in our buildingsf study. When we conducted our baseline collections from Beebe
Hall we observed significant disposal of alcohol bottles, leading us to suspect that students held
parties on one or more floors that weekend, skewing the recycling weights with heavy glass
battles. This would make recyclable disposal from weeks without parties appear lower in
comparison.

Waste collection in Clapp Library is less regular than in the residence halls, so we were
not sure how many daysd® wor t Haperfrecyalingsntaghavwea c h d
been in the bins for weeks before our first collection day, while trash may be taken out more
frequently. This would account for the large amount of recycling versus trash in our baseline
measurement for Clapp Library, and the lowenount in following weeks (Figure 3.4.6). If so,
the increase in recycling on the floor with invalidating signs is even more significant.

Residence halls, like Beebe Hall, generate more waste than the library. This experiment
demonstrated that an intemion in the residence halls, if effective, could have more of an
i mpact on the Collegebs waste stream than a
larger amount of waste produced in Beebe Hall also makes the results from the residence hall
morereliable, as percentages of incorrect disposal are thus less likely to be skewed by a smaller
number of items. Here, our experiment shows little to no benefit to recycling rate or accuracy
when signs are placed over trash bins.

Our results demonstrateathchanging messaging is not an effective means of increasing
recycling quantity and correctness. We suggest that the College not prioritize signage in its
efforts to increase recycling. Even considering the limitations of our experiment, it is difficult t
say that there is any useful application of using signs as reminders to recycle as a means of
increasing recycling behavior.
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3.5 Experiment: SingleStream Does Not Help

Overview

In some cases, switching from mestream to singlstream recycling &s been shown to
dramatically increase recycling rates. Additionally, many local Boston schools use a single
stream system. We sought to determine whether transitioning fromstrelim to singkstream
recycling at Wellesley College would result in a Heg recycling rate. To gain a better
understanding of how the transition might affect recycling rates, we measured recycling in two
buildings on campus: an academic building (Pendleton Hall East) and a residence hall (Pomeroy
Hall). Each building had cordl floors, which remained duakream (paper/cardboard and
commingled) and treatment floors, which we converted to sstgéam. We collected data twice
per week in Pomeroy Hall and once per week in Pendleton Hall. Our experiment revealed a
minor increasein incorrectly recycled items (contaminated items, garbage;paper) in
Pomeroy Hall during singlstream collection. In contrast, in Pendleton Hall, we observed a
minor decrease in the amount of incorrectly recycled items during strglem collectio.
These results suggest that simplifying recycling provides no clear advantage for increasing
correct recycling at Wellesley when compared to using rstriiam recycling.

Background

Throughout the twentfirst century, communities across the United &athave
increasingly embraced singdtream recycling as an alternative to dstaéam and muklstream
recycling®® The number of singlstream facilities in the U.S. has grown at an average rate of
fourteen per year between 1995 and 2908.

Numerous studihave demonstrated the benefits of switching to sistgéam recycling.
Transitions from duastream to singlstream recycling often result in increased collected
tonnage. Singkstream curbside recycling programs were found to have dramatically iedreas
participation and volume collected because they increased the ease of re€ysvn single
stream collection is used in communities, recycling rates tend to increase by anywhere between
10-100%%° Additionally, changing from dusadtream to singkstream recycling was found to
result in approximately a 50% increase in production of recyclable commodities, or avoiding the
global warming effects of 710 kg G@quivalents per metric ton of collectidiy.

Singlestream collection leads to higher recyclingegtand expedited collection.
However, having to separate the singlieeam recycling into separate streams during processing

%F | ckes, Mi chael . AiSingle Stream Rising.0 Waste360, Oc
http://www.waste360.com/mag/waste_single_stream_rising

97Berenyi , Eileen Brettler. fAMaterials Recycling and Proc
200/k2008. 0 Westport, CT: Governmental Advisory Associate
98 Oskamp, Stuart, Lynnte Zelezny, P. Wesley Schultz, Sharrilyn Hurin, and fBBachelk har dt . A Commi ngl
Versus Separated Cur bsi de ERiooment and Bepavid@ moelgJariarylt i ng Mat t
1996): 7391. https://doi.org/10.1177/0013916596281004

9 Abramowi z | Ri chard, and Michael TResougaReeycling® @ol?&0lD)i dat i on
14i 18.

100p j ¢ zgerald, Garrett C., Jonathan S. Krones, and Nicko
and Single Stream Collection and Separati o f R e Resoutcaspdoresearvation and Recychbg

(December 1, 2012): 566. https://doi.org/10.1016/].resconrec.2012.08.006
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is more difficult and energy intensive. The process requires more sophisticated automated
equipment® Singlestream collection re#ts in higher residue rates and likely leads to
increased dowatycling, as singlestream plants tend to produce lovegrality output streams

than multistream plant$®?

Wellesley College has, until recently, sent its commingled recycling to the Wellesley
Recycling & Disposal Facility (RDF) in Well esl
imports of many classes of recyclabléét he RDF st opped accepting th
recycling and raised its recycling prices effective February 2¥18.

This change raises questions over where the College should send its recyclables and some
of the potential options include facilities that accept shsfjleam recyclables. The relevant
literature demonstrates that switching to sirgjleam may be an effectivway to boost
recycling at the College. However, besides the process of collection, conversion tstseagie
has numerous implications for how the College recycles. Conversion to-siregen would
mean switching to a recycling facility that acceptagke-stream recycling, which could
potentially change the costs of sending recycling. Alternatively, the College could elect to
separate the collected singiream recycling into multiple streams on campus and then send the
separated streams to a migttieam facility. This option would require not only space to separate
the recycling but also wages to pay those who would be separating the recycling. In light of the
literature findings and changes at the Wellesley RDF, we decided to test whether swiching
singlestream recycling would impact the quality and quantity of recycling and be a viable
recycling option for the College.

We conducted our experiment in an academic building (Pendleton Hall East) and a
residence hall (Pomeroy Hall). We analyzed odiag in Pomeroy Hall, a studegentric space,
to track and understand student recycling behavior. We also analyzed recycling in Pendleton Hall
to understand how not only students, but also faculty, staff, and members of the public recycle on
t he Csodampug Bydmeasuring in these buildings, we sought to understand how various
types of campus users interact with the build

Methods

In Pomeroy Hall, the first and third floor were control floors while the second and fourth
floors wee treatment floors. The first floor of Pomeroy Hall contained four paper and two
commingled bins prior to experimentation, while the second, third, and fourth floors each had
one paper and one commingled recycling bin (Figures 3.5.1) The first floorediffiermn other
floors as it was entrlevel and received higher traffic, primarily due to smesidents of Pomeroy
Hall using the first floor dining hall. The first floor also differed in that there were 4 bins on the
floor while on the other floors thereas only 1 bin. This discrepancy was accounted for by
averaging the weight of the trash for the 4 bins on the first floor for each week. In Pendleton
Hall, the first floor was the control floor and the second floor was the treatment floor. Prior to

0l ant z, Dani el , and -Sraenp hReenciyec | Menngt: e rSse.a rficSiResoggteef or t he |
Recycling21, no. 3 (2002): IP3.

%kinsella, Susan and Richard Gertman. ASingle Stream R
http://conservatree.org/learn/SolidWaste/BestPracticesGuide021407.pdf

py ofita, Cassandra, and Jes Burns. iRecycling Chaos |
December 9, 201 https://www.npr.org/2017/12/09/568797388/recycltttposin-u-s-aschinabansforeignwaste

04von Herder, Dorothea. fiData to Show in Class Today, 0
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experimatation in Pendleton Hall, each floor contained 3 paper recycling bins and 2
commingled recycled bins (Figure 3.5.2).

To convert to singlstream collection, we repurposed the existing bins, removing the
binsdéd | ids and signageted PopeatmgntHafl 6er s ec)
and Thursdays at 6:00 pm We collected from Pendleton Hall on Thursdays starting at 6:00 pm,
as custodial staff did prior to the start of our experimentation. We collected and weighed paper
and car db o amngtogbthen and colleetedyandl weighed commingled items (glass,
metals, and plastic) together. We noted any incorrectly recycled items in each bin.

During the experimental phase, we collected a greater amount of recyclable materials
during Week 2. An evemappeared to have been held on the second floor of Pendleton Hall,
which may have accounted for the higher amount of materials collected on that day.

TYPE OF BIN 1st Floor 2nd Floor 3rd Floor 4th Floor
(Control) (Treatment) (Control) (Treatment)

PAPER 4 bins 1 bin 1 bin 1 bin

COMMINGLED 2 bins 1 bin 1 bin 1 bin

Figure 3.5.1: The number and types of bins in Pomeroy Hall by floor prior to conversion to
singlestream.F| oor s mar ked Atr eat me-stieam (pageraead converte
commingled) ¢ singlestream.

TYPE OF BIN 1st Floor (Control) 2nd Floor (Treatment)
PAPER 3 bins 3 bins
COMMINGLED 2 bins 2 bins

Figure 3.5.2: The number and types of bins in Pendleton Hall by floor prior to conversion
tosinglestream.F| oor s mar loe dvefr ter e atnmeatiam papkramdm mul t i
commingled) to singkstream.

Results

I n Pomeroy Hall ds commingled recycling bi
recycling varied on the treatment floors. The incorrect recycling percentage increas@2@%ve
from the baseline in Week 1 of treatment, but decreased to 0% by Week 2 of treatment. By the
end of the experimental period, percentage of incorrect recycling on treatment floors had
decreased (Figure 3.5.3). Conversion to sksgjleam recycling diehot cause a clear, consistent
decrease in incorrect recycling. Baseline incorrect recycling percentages were low across all
experimental floors (Figure 3.5.3).
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Pomeroy Hall Incorrect Recycling
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Figure 3.5.3: Incorrectly recycled items as a percentage of total recycling in Pomeroy Hall
recycling per week by number of streamslncorrectly recycled items include contaminated
items, garbage, and recyclables placed in the wrong bin. Control bins were left astneatti
recycling after the baseline data collection. Changed bins were cethfientn multistream
recycling to singlestream. Orange bars represent originally paper bins and blue bars represent
originally commingled bins. No bar is equivalent to 0%.

Similarly, we observed a decrease in the percentage of incorrect recycling Iet&end
Hall 6s commingl ed bins o0 n-steamtrécyghng (WigureeB.5.4.onv er
Incorrect recycling decreased from baseline levels on the sitrglam treatment floor, from
15% incorrect to 3% incorrect (Figure 3.5.4). In bins that wefteds multistream recycling
bins, we consistently found incorrect recycling in the bins throughout the experimental period. In
these bins, incorrect recycling in paper recycling bins decreased each week. However, incorrect
recycling in commingled bins deeased from the baseline in Week 1, then increased above
baseline levels in Week 2. Other than during the baseline week, incorrect recycling was
consistently lower on singistream floor compared to the medtream control floor (Figure
3.5.4). GenerallyPendleton Hall had very little incorrect recycling in the paper bins, which
primarily consisted of unclean pizza boxes.
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Pendleton East Incorrect Recycling
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Figure 3.5.4: Incorrectly recycled items as a percentage of total recycling in Pendleton Hall
recycling per week by number of strams.Incorrectly recycled items include contaminated
items, garbage, and recyclables placed in the wrong bin. Control bins were left estnexafti
recycling after the baseline data collection. Changed bins were converted frorstrealtn
recycling to sngle-stream. Orange bars represent originally paper bins and blue bars represent
originally commingled bins.

Switching to singlestream recycling also did not have a positive impact on the total
amount of recycling in either Pomeroy Hall or Pendletonl Kiébure 3.5.5, Figure 3.5.6). In
Pomeroy Hall, the total amount of recycling decreased throughout the course of the experiment
(Figure 3.5.5), suggesting that in residence halls, sstggam recycling would likely not result
in an increase in overakcycling. In Pendleton Hall, there was no consistent trend in the amount
of recycling (Figure 3.5.6).

There was little incorrect recycling in dorms or academic buildings using the current
multi-stream recycling system. While there was some incorrect negy@tigure 3.5.3, Figure
3.5.), it did not comprise a high percentage of the total amount of the recycling overall.
Additionally, there was no notable increase in the total amount of recycling in either Pomeroy
Hall or Pendleton Hall (Figure 3.5.5, Figuseb.6), suggesting that switching to singteeam
recycling would likely not dramatically increase participation in recycling.
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Figure 3.5.5: Total amount of recycled items in Pomeroy Hall by number of stream3otal
amount of recycled items included af the paper/cardboard and the commingled products.
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Figure 3.5.6: Total amount of recycled items in Pendleton Hall by number of stream$otal
amount of recycled items included all of the paper/cardboard and the commingled products.

Discussion andConclusion

We found that switching to singltream recycling has little effect on the extent to which
items are correctly recycled. Additionally, we also found a general decrease in the amount of
incorrect recycling in singlstream treatment, although was comparable to the decrease
observed in the control muistream treatment. These results suggest that switching to-single
stream recycling does not significantly impact the amount of recycling overall. Notably, there
was not a high percentage of in@zxt recycling in the baseline measurements, suggesting that
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students, faculty, and guests at Wellesley College were largely recycling correctly prior to
experimentation.

In interpreting the Pendleton Hall results, one must consider the high numbemnts eve
held on the 2nd floor the building. Much of the incorrect recycling was comprised of items
produced at events, including large quantities of pizza boxes. We recommend that the College
prioritize making orcampus events sustainable and communicate rtgpes: users that pizza
boxes are not recyclable.

We expect our results would hold for most other residence halls and academic buildings
throughout campus. Pomeroy Hall is similar to most othecaonpus residence halls, being of
average size and with floorspresenting all class years. Pendleton Hall houses various academic
departments and is similarly trafficked by students of all class years, in addition to faculty and
staff.

If our singlestream experiments had positively impacted recycling, there wuad
been evidence for Wellesley to seriously consider converting to a -simgéen system. This
would require changing how collection is carried out and finding a facility that accepts single
stream recycling. However, our results indicate that sisgbam recycling did not cause a
significant i mprovement to the quality or qua
that there is no clear advantage of converting to sistgémm recycling and that simplifying the
Col | egeds r ¢eoonecdlactadgstreany woul@ mat be beneficial at Wellesley. Though
we found no advantages to using sirgfieeam, we did not find it to be disadvantageous. We did
not observe an increase in incorrect recycling or a significant decrease in total reciuliag
our experimental findings still leave open the possibility of the College switching to a-single
stream system dependent on other factors, such as pecuniary cost of sending recyclables to a
single-stream facility.
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3.6 Analysis: How Many Streams{Collecting/Sending)

Background

Recycling can be collected in a variety of streams, where streams are defined as
groupings of similar recyclable materials. Some educational institutions, including Boston
University, Harvard University, and Babson Collegelect all recyclable materials in the same
bin, a system referred to as singteeam recycling. Wellesley College currently collects
recycling in two streams on campus: commingled (plastics, metals, and glass) and mixed
paper/cardboard. Potential altatives to this duastream collection system include collecting
recycling in more streams or sorting recycling into those streamsgitesttion. In this analysis,
we wi || compare Well esleyds various coélecti
(both individual and institutional), cost (monetary), and effectiveness (relative recycling rate and
accuracy).

Many Streams: Separate at collection

One option for recycling at the College is to increase the number of streams currently
being collectedor recycling. The primary benefits of utilizing this option are lower processing
costs and contamination rates as the number of streams collected increases. Additionally, due to
recent changes in the recycling market, commingled recycling is becoming moce
expensive, and some recycling centers no longer accept this $tPdduiti-stream collection is
therefore more cost efficient than collectinc
Motivation/ What i nhi bi ts poeotigloptionnfar the LCollegee h a v «
collecting recycling in four streams, rather than the current-stoehm system. These four
streams would be: mixed paper/cardboard, plastic, metal, and glass.

In terms of individual ease, this additional level of swytfor a multistream system
should not pose substantial difficulty for individuals disposing of their recyclables. Rather, a
difficulty may be that individuals may not be equipped to sort their recycling due to lack of
information on proper disposal andkaggerated preconceptions of inconvenieff€eAt
Wellesley College, limited bin availability and lack of clear information seem to be greater
deterrents to recycling than preconceptions of inconvenience, suggesting that-streautti
recycling program on ampus may actually promote acceptable levels of participation if
infrastructure is sufficient (see: AAnalysis:

Institutionally, implementing a mulstream system may pose logistical and monetary
expenses fothe College compared to maintaining the current -dtreakm system. Current
recycling bin distribution around campus is sparse and inconsistent, and a wide variety of
signage and recycling bin saps exist. This means the College has no standardizedusamp
wide set of signage or bins. Implementing matteam collection would require additional bins,
updated signage, and the potential removal of existing bins at many locations on campus. This
would require a large upfront cost: a standardized-stn@amrecycling bin set costs from

$1006$ 2500 per set, depending on t he bi nséo du
105v0n Herde | Dorothea. fiData to Show in Class Today, 0 Febr.
106Thngersen, John. AA Model of Recycling Behaviour, wit

Pr o g r a mteraasiona Journal of Research in Marketii, no. 2 (March 1, 1994): 1463.
https://doi.org/10.1016/0168116(94)90025.
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standardized bins were to be installed on every floor of major academic buildings and the more
heavily-occupied floors (i.e. 20+ residentsbi) of every residence hall, the estimated total cost
would range from $78,008195,000'°7 although this only reflects the purchasing of entirely
new bins; installing additional bins to supplement existing bins instead would be also be a
feasible and cheapeoption, though this might also hamper the standardization process.
However, this initial installation of a new bin system would be atone cost, and likely the
only major cost incurred by implementing this system. Space is required for the additioneof
bins, thus making the setup of bins for msltieam collection infeasible at some campus
locations. However, if bins were to be installed primarily in the larger, higafiicked areas of
campus, the issue of finding sufficient space would be mino

Ultimately, implementing mulistream collection may be one of the most effective
options in terms of cost and reducing the Col
initial upfront costs for bin installation, it may reduce leiegm costs byliminating the need to
pay a thirdparty to sort waste. Additionally, if Wellesley continues using its current recycling
facility, but begins sending recycling in more streams, the College will generate greater revenue
than it does currently. Sending gias and metals separately is free for the College, as opposed
to sending it commingled with glass, which currently costs the College $125 ¥ 8ending
glass separately will still incur a cost of $125 per ton cost, but sorting out plastics and metals
means the College would pay less per toni&tjéhere are also many other recycling facilities
around Wellesley that accept medtream recycling, should the College choose to switch
facilities 1% Additionally, collecting in more streams may help Wellesleyreduce its waste
production overall: although collecting in fewer streams generally has higher total rates of
recycling!! multi-stream recycling programs generally have lower rates of contamination (see
AEXxper i mesnttr:e aSm ndgol eé¥ andless materéal being &ent,to landfitf

This option requires minimal individual effort and either slight to major infrastructural
changes from the institution, depending on how many new bins should be installed. It will also
require some new infrastruceurfor storing the streams separately once the custodians have
collected them, and before they travel to the recycling facility. Despite a potentially high one
time cost for the purchase of new bins, there will be a short return on investment as Wellesley
does not need to pay a thiparty for processing recycling and will be sending out cleaner, more
valuable recycling. In terms of efficacy, mudtiream recycling has also been shown to reduce
overall waste and contamination levels, leading to a potentialyr ge r educti on of
waste production. It should be noted that having adequate clear signage is important for this
option to be truly effective.

10710 install bins in all residence hall floors with 20+ residents, 53 sets of binlslwe needed. To install a single
set of bins on each floor of all major academic buildings, 25 bins would be needed.

08von Herder, Dorothea. fANew Developments in Recycling
von Herder, Dorothea. ANgwPDewvehgpmmehRébruar Retycl 2018
Wsee AAnal ysis: Where Can/ Should we Send our Recycling
MMueller, William. fAThe Effectiveness of RecWastti ng Pol

ManagementSpecial Thematic Issue: Urban Mining, 88, 3 (March 1, 2013): 5088.
https://doi.org/10.1016/j.wasman.2012.12.007

112 5eeF | gure 3.5.1 and FimgleSter 8al.Rge diExpterienemtd S

13 akhan, cCalvin. #AA Co ABpt ar reiasmo NR eocfy ¢S ii mggl €S yasRedouddaslitni Ont e
4, no. 2 (June 17, 2015): 3&¥. https://doi.org/10.3390/resources4020384
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Many Streams: Sort postcollection at Wellesley

The second option is to collect recyclables in cumrent duaistream system, and then
sort into further streams on campus before sending to recycling facilities. In terms of ease, this
option requires no behavioral changes for individuals, and instead relies on institutional changes.
Implementation costi hire staff and find a location to sort recyclables are the most important
considerations. The analysis of this option assumes that sorting would be done manually, as we
did during our experiments, and would require large open spaces. Thus, no adsliames or
infrastructure are taken into account in our cost analysis or difficulty of implementation.

Based on how long it took us to sort and separate the collected recycling, our calculations
estimate that it would take approximately 100 pefisoars @r week to sort through Wellesley
Coll egebdbs recycling. This estimate includes r
this labor would be distributed amongst a larger group of people. Based on the Massachusetts
state minimum wage, the Collegeowd have to pay a collective minimum of $1,150 to sorters
each week. This wage calculation assumes that the sorting work would be provided as a way for
current custodial staff or employees to pick up extra hours, and therefore does not take into
account knefits that would be added if there were to be new people hired specifically to perform
only the sorting.

In theory, this option could be easily applied on Wellesley College campus, as it requires
no additional infrastructure or change in collection ays. The only things the College would
need to ensure would be the availability of workers and space to separate materials. Additionally,
transportation of recycling from Wellesley College to the recycling facility would need to
account for the differentatlection sites and times across campus. Locating sorting spaces in
each central residential and academic location could reduce transportation burdens. This way, it
would mostly mirror recycling as it is currently processed on campus, requiring feweeshang

This option would create a highly accurate recycling system, as each individual piece of
material that is recycled would pass through a second set of hands, and thus be placed in the right
category, or disposed of, if necessary. Additionally, it ptesithe College with the opportunity
to sort its recycling in as many categories necessary, depending on current, and often changing,
market prices, to lower transportation costs and/or increase its potential revenue. This presents an
interesting economiopportunity for Wellesley College to adapt with market fluctuations.
Therefore this duastream to sorting system might be worth considering at least as a transition
phase. It would also enable the College to take advantage of the unusually high number of
categories into which the Wellesley RDF separates its recycling, and thus lower our costs at the
RDF as much as possible.

Two Streams: Collect and send to recycling facility in two stream&urrent practice)

Wellesley currently collects its recycling two streams: paper and commingled. Ease
would be maximized by maintaining this system. The College as an institution, and students,
faculty/staff, and custodians as individuals, would not need to change anything or do any more
work to maintain the statusuqg.

Examining cost, this method is becoming unsustainably expensive. The Wellesley RDF

raised the price of accepting Wellesley Coll
February'*and ceased to accept it alt orgegclingisfor i n Ap
14vyon Herder, Dorothea. fiData to Show in Class Today, 0
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the time being sent to Covanta Recycling, where it costs $95 p&P®ased on the knowledge
that Wellesley produces about 174.7 tons of recycling per year, with 54% of that being
commingled recycling® we can extrapolate that continuitgsend our recycling to facilities in
two streams would cost Wellesley $8,962.11 annually. This price is far from stable, having
undergone dramatic fluctuations in the past few months alone.

As the efficacy of Wel | es | ipetginingcurcentmetldst sy s
would neither improve nor hinder current recycling rates and accuracy.

Single-Stream: Sort at recycling facility

Another potential recycling stream option would be to switch to sistggam and send
to a recycling facility to besorted. This option maximizes ease for individual behavior. This
method is also increases ease for Wellesley College as an institution; it would involve fewer
bins, and therefore likely less work for custodians. It would also allow students to takeéess t
in terms of sorting out their paper and plastics/aluminum/glass. However, in terms of
effectiveness, it has been shown to increase recycling only by an average!dfH%b.on
Wellesley College campus, the ES 300 class experiment showed that switchingléstream
recycling does not increase the level of recycling overall. It also has little effect on the extent to
which items are correctl ystrreceaym| cade § sreet: MeEIXP.

As of April 2018, Eoms Inc, Casella Waste Serviceaye that Stuff Inc., and Orifice
Recycling and Refuse accept singteeam recycling from customers generally, so we assume
they would accept it from Wellesley College, making it a viable option, in theory.

Costs for singlestream may be prohibitive. 18jlestream appears to be the most
expensive stream option due to the intensive seperation work for recycling facilities. For
reference, the most expensive RDF option is sisfieam at $125 per tdf Additionally,
contamination, which typically incuis fee, also tends to be highest for sirggleam recycling.

On average, a quarter of the total weight of sisgleam recycling ends up in the landfif.
Therefore, there will also be significant costs that incur from contamin&tion.

Many recycling fadities have been hesitant to cite costs for sisgieam recycling
because of large fluctuations in price due to the recent Chinese laws preventing many countries
from continuing to send their waste there any lonBe&gardless of any benefits of singkeeam
systems, it is likely that this system may pose unnecessary financial risk due to the constant
pricing changes, and lack of transparency, in the waste industry. Our experiments already
concluded that implementing singdream practices did not irase recycling ratés! This,

5 von Herder, Dopoghesti sl fow ES300, 06 April 5, 2018.
116Lamppa, Rob. fRedycgl:i rPg esstenWealti on to ES 300 Class. o0 .
Uiacapra, VeronBfiueamWi Rhcy6l nghe Co r\PRMarch3lst,201E0 mes At
https://www.npr.org/2015/03/31/396319000/witimgle streamrecyclingconvenienceeomesat-a-cost

18von Herder, Dorothea. fiData to Show in Class Today, 0
19 aca pra, Ver on-BteaneReoydlingt Comvh S n g b e Co meNPR,March st,Q@lS.t 0,
https://www.npr.org/2015/03/31/396319000/witimgle streamrecyclingconvenienceeomesat-a-cost

20yon Herder, Dopogheati BhResl fow ES300, 0 April 5, 2018.

Environment al Studies 300. fAWeCycle: A Systems Approa
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combined with the reduced acceptance, and increased cost ofssiegi® by recycling facilities
(such as the RDF}? makes the singistream system a poor option for Wellesley College.

Final Recommendations

Based on these alyses, we conclude that separating recycling at collection in a four
stream system is the best recycling option for Wellesley College. Despite a higher upfront cost to
purchase and install the new bin system, long term cost is minimized via the elimivfatice
need for a thirgparty to process the recycling. Additionally, sending recycling to a facility in
more streams than we do currently will lower the costs of recycling over time. Out of the
available multistream facilities in the surrounding ar@se recommend sending recyclables to
t he RDF due t o cost considerations (See:
Recycling?). The costffectiveness of recycling at the RDF reinforces our recommendation to
use a foustream system. Based on the prittesecycle and the potential revenue at the RDF, it
currently costs substantially more to recycle commingled recyclables than it would cost to send
glass, metals, and plastics separately.

An important aspect of this recommended system is the need fdasdaation. In order
for it to be as effective as possible, this system must be implemented uniformly throughout the
Wellesley College Campus in order to ensure that individuals can easily learn and become
accustomed to it. Thus, the ideal set up wouldl@ment the same bins in academic, residential,
and public spaces. Though determining the exact placement of and spatial availability for these
new bins would be a considerable task, we do not believe that it would be a prohibitive factor in
implementing he new system. We also hope that our map of current recycling locations on
campus could be helpful in this process (See: Appendix B).

Though, in the longerm, separating at the source is our top recommendation, it is
important to keep in mind the potentizenefits that a system with peastliection separation on
campus could provide. With manual sorting, there is the possibility of sorting into as many
categories as is financially beneficial. Since, ideally, the College would send its recycling to a
multi-stream facility such as the Wellesley RDF, the College could maximize financial benefits
by sorting into a large number of accepted categories.

Further separation can maximize revenue for the College. One of the categories that has
the potential to increse revenue at the RDF is cardboard. Currently, and with the recommended
four-stream system, the College sends its recycled paper in one stream as mixed paper, which
earns a revenue of $5 per ton. However, if the College separated cardboard from that mixed
paper category, its revenue could increase substantially, as each ton of cardboard earns $15 of
revenue. This serves as an example for other categories in th&triam system that could be
separated further to increase revenue (i.e. plastics).

In the bng term, however, it is likely that this festream system is more financially
viable for the College, as it consists of mostly upfront costs, with much smaller continuous costs
compared to the option of separating podtection on campus.

The chartk |l ow summari zes our comparison of Wel

forward (Figure 3.6.1). Each option is ranked on a scale%fdt individual ease, institutional
ease, cost, and efficacy (Figure 3.6.2). A ranking of one is considered to be thfficodt to

122) acapra, VeronBfueamWi Rbecy6Sl nghe Co n\WRMarch3lc2015.C0o me s
https://www.npr.org/2015/03/31/396319000/wgimgle streamrecyclingconvenienceeomesat-a-cost
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implement, most expensive, or least effective. A ranking of five was found to be the easiest to
implement, cheapest, or most effective.

Metric (1-5) Many Streams: | Many Streams: | Two Strears: Single-Stream:
Separate at Sort post Collect & send | Sorting at
collection collection at off in two facility

source streams

Individual Ease 2 5 5 5

Institutional 3 1 5 3

Ease

Cost 2 5 3 1
$78,000- ~$50,000 per About $8,962.11
$195,000 (one |year per year
time upfront
cost)

Efficacy 4 4 1 3

Figure 3.61 . Ranking of each of Wel |l eBachegténtal opt i on s
recycling option for the College was ranked on a scale frénibdsed on individual ease,

institutional ease (extent of infrastructural change needed), cost (monetary tostGotlege to

implement), and efficacy (extent of increasing recycling rate and accuracy).
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Metric/Rating 1 3 5

scale

Individual No sorting Some/minimal Most sorting

ease required sorting required

required

Institutional | No additional Some/minimal Major

ease changes to changes to infrastructural
infrastructure infrastructure changes
needed to needed to needed to
adopt option adopt option adopt option

Cost No/minimal Short return Long return
additional on investment on investment
costs needed low high
to maintenance maintenance
implement/m costs costs
aintain

Efficacy No change to Some Very high
or reduces improvement improvement
recycling to recycling (>70%) to
rate/accuracy rate/accuracy recycling

rate/accuracy

Figure 3.6.2. Definitins of metrics and rankings for recycling optionsEach metric for

assessing recycling options for the College was defined at 5 levels.
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3.7 Background: RDF Background

Until recently, Wellesley College transported all its recycling to The Wellesley Regyc
and Disposal Facility (RDF), located approximately 2.7 miles from campus. It is located at 169
Great Plain Avenue, Wellesley, MA 02482 and is the closest recycling recycling facility to
campus. The RDF was founded in 1970 and is operated by the MielEpartment of Public
Works!? The current Superintendent is Jeff AzéBimwn. The RDF accepts commercial
recycling Mondays through Saturday$lt is a multistream facility that accepts a wide array of
items for recycling and reuse. Such items inclubdeusehold recyclables (boxboard and
chipboard, brown paper bags, cardboard and corrugated cartons, mixed office paper, mixed
paper, newspapers, refundable containers, glass, steel/tinned cans, plastic bottles, plastic non
bottles, rigid plastics, aluminuroil and trays, aluminum cans, cell phones, electronic media,
eye glasses, household batteries, and inkjet cartridges), metals (aluminum, copper, and
metal/light iron), and special/hazardous materials (appliances, automotive batteries, computers &
monitors fluorescent bulbs, paint, propane tanks, tires, and waste oil). It also accepts compost
and wood wast&?® The RDF has a reusables area where individuals can donate and take
items!?® A map of the RDF is below (Figure 3.7 %#J.

169 Great “le“Ave e RDF Tour

1 Recycling Wall
2 Bulky Waste Drop Off

3 Special Waste

4 Reusables

5 Goodwill & Textiles

6 Residential Trash Drop Off
7 Yard Waste Drop Off

8 Trash Loading

9 Scale Office

10 Wood waste and single
stream loading area

11 Book Exchange

-

Figure 3.7.1 Wellesley Reycihg & isposal Facility.

The RDF is funded by taxpayer dollars allocated at town meetings, and it returns its
revenue to the Town General Fund. In the Fiscal Year 2012, the RDF turned $877,000 back to

123 Barnett, Dawn MarieTown of Wellesley Recycling Documenté@§13.https://vimeo.com/87720940

124ﬁRecycIing & Disposal Facility.o Town of Wellesley, N
http://www.wellesleyma.gov/33RecyclingDisposalFacility.
256 Town of Wel | esl ey Department of Public Works RDF Rec

March 12, 2018http://www.wellesleyma.gov/Documentfter/View/936

%6 Reduce and Reuse, 0 Town of Well esl ey, MA, accessed N
http://www.wellesleyma.gov/727/Redue@d Reuse
127ﬁGarboIogy 101,06 Town ol5, Wellesley, MA, April 16, 20

http://www.wellesleyma.gov/DocumentCenter/View/934
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the Town General Fund® Its recycling generated $400@in the Fiscal Year 201%6? and over
$285,000 in 2017° Additionally, the RDF purchases trash and recycling from five other
communities and sells it for profit! The RDF leadership monitors the official monthly board
market prices of its accepted matesitd determine where to sell its recyclables and trash for the
most money. It sends waste both internationally and domestiélly.

The RDF currently pays Wellesley College and other commercial organizations $15 per
ton for cardboard, and $5 per ton for nixgaper and cardboard together. They charge $125 per
ton for glass recycling, and accept mixed plastic and mixed metals at ng*d®stause of
Chinadbds recent ban on i mports of many recycl
February 2018. Prido February 2018, it cost $10 per ton to recycle glass, rather than the current
$125 per tort>* The RDF previously charged $60 per ton for commingled recycling. Now it no
|l onger accepts Wellesley Collegeds comeni ngl e
guestions about whether Wellesley College, which primarily uses astitaam system
(paper/cardboard and commingled streams), should continue to send its recyclables to the RDF,
and if so, whether Wellesley should restructure its collection systech ot t o t he RDF.
pricing scheme.

128 Barnett, Dawn MarieTown of Wellesley Recycling Document&@§13,https://vimeocom/87720940

129ﬁRecycIing & Disposal Facility,o Town of Wellesley, N
http://www.wellesleyma.gov/331/RecyclifidisposalFacility.
130ﬁRecycIirsgiI&FIaics'sﬂJd)ty,é Town of Wellesley, MA. Accesse

http://www.wellesleyma.gov/331/RecyclifidisposaiFacility.

131 Barnett, Dawn MarieTown of Wellesley Recycling Denantary 2013, https://vimeo.com/87720940

132 Barnett, Dawn MarieTown of Wellesley Recycling Document&§13,https://vimeo.com/87720940

133\on Herder, Dorothedi Dat a t o Show in Class Today. o0 February 14,
¥4von Herder, Dorothea. fiData to Show in Class Today. o
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3.8 Background: Recycling at Boston Colleges

The recycling practices of educational institutions in the Boston area show an overall
consensus in methods of waste collection and integration of recycling processtadent and
faculty life on campuses. The colleges and universities examined here are the following: Babson
College, Brandeis University, Boston University, Boston College, Emerson College,
Northeastern University, Harvard University, Massachusettstutetiof Technology, Tufts
University, and University of Massachusetts Boston. Within this group of institutions, there were
many similarities in collection and processing systems, but also a range of strategies in
community involvement, orwhatcanbeteed as Arecycling culture. o

All of these institutions collect recycling in a single stream on their respective campuses.

This singlestream collection gathers paper, plastic, glass, and metal within one container in
dorms, academic buildings, and publicsga Many schools cite ease of individual contribution

and decrease in participant confusion to be a major factor in transitioning to-shegian

collection. Northeastern University, for example, includes this aim of simplicity within its-three
steprecg | i ng mi ssi on, which states its goal is t
convenient to mai nt ai n'Thisisame sinsplicihoriented nieetality o mmi t
is present in institutions like Babson Collé§eand Harvard University’ which claim that
singlestream collection helps decrease the amount of recyclable materials that end up in the
trash due to confusion. Some schools, such as Boston College, have waste systems in which
there is a recycling bin next to every trash bin, discaogagndividuals from throwing
recyclable materials in the trasi§.

Uni formity and standardization appear to I
singlestream collection systems. This goal also drives many efforts to make collection bins
visually standardized within campuses. Having the same colored recycling bins helps simplify
Boston Collegebs waste system, with blue bins
areas’® Having the same type of lid on every biibne which enables all recyut), yet
constricts some nerecyclables i s t he strategy at TBihfatpseddni ver
are the same all across campus and are shaped in a way that visually and physically facilitates the
singlestream process (Figure 3.849.

¥5commi t ment to Sustainability | How Northeastern Goes
http://www.northeastern.edu/sustainability/greampus/

136ﬁRecycI ing and Solid Waste | Green Campus, 0 Green Can
http://www.babson.edu/abebibson/sustainability/greerampus/Pages/Recycliand Solid-Waste.aspx
137ﬁRecycIing | Single Stream Your Life, o0 Harvard Univer

https://green.harvard.edu/topics/waste/recycling

¥iHow to Rec ycle, 0 Bost on Giugsiivevy. e edu/offSessustainamlig/ndged i t y Honm
recyclecompost.html

¥5iHow to Rec ycle. 0 Bost on GCigs:i/vwevy.bc.edu/ofScessstisaminamidyhitak i t y Honm
recyclecompost.html

140ﬁRecycI i pRAl latCamgfuses, 06 Facilities Services Recycling
http://operations.tufts.edu/tuftsrecycles/recycle/
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Figure3.8 1: Ex amp tseh apfe dMUAHO d used*®at Tufts Univer

Tufts University, along with Boston University, has adopted the Trash Buddy Program,
in which the office and dorm recycling bins provided by the university are accompanied with an
attached smallrash can insid&? This program intends to reduce the amount of space that a
trash and recycling bin would take beside a desk, while still providing both recycling and trash
options.

Many schools also provide alternative options for their students tosgisgaecyclable
materials that do not fit in the singdéream categories of paper, plastic, glass, and metal. This
particularly applies to BVaste in many institutions. There is a range of how students can dispose
of these hardeto-recycle materials, rluding submitting work orders for someone to pick up the
devicel®® taking it to a location on campd¥, or providing outsidesource information of
companies or stores that could dispose of the device for students or ¥t&ly. confused
students or facult many institutions provide campspecific guides to recyclidtf or short
online courses so that students or faculty can become comfortable with the recyclingffocess.

Though not all institutions provide information in pasilection processing, most of
these schools send their singleeam collected recyclables to a processing company or facility
to later be sold to separate sources. Two of these institutions, Boston University and Boston

Yisus tility:i Sopadsting a UniversigVi de Commi t ment . 0 Tufts University. |
http://sites.tufts.edu/tuftsgetsgreen/
Y25 Trash Budd y Program. d Bost oManbdgement& PlannihgyAccessedtAprili nab i | i

2018. http://www.bu.edu/sustainability/whatere-doing/wastereduction/trastbuddyprogram.
143 x

AiCommi t ment to Sustainability | How Northeastern Goes
https:/ivww.northeastern.edu/sustainability/gremampus/
%50ne Goal: Zero Waste.o Sustainabili ty | Recycling &
http://www.emerson.adsustainability/recyclingcomposting
YHiwhat can | Recycl e?d Sustainable Brandeis | Brandei s
https://www.brandeis.edu/sustainability/waste.html
Y5 Ho t o Recycle. o Boston College | Sustainability Home

https://www.bc.edu/offices/sustainability/hearecyclecompost.html

147ﬁRecycIimz@d@fftihceellnstituteﬁs Ef forts to Reduce Waste.

April 2018. http://web.mit.edu/facilities/environmental/recycling.html
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College, are clients of the Save That Stuff Inc. processintityadihis facility, whose slogan is
AThe-SO@Sehop, 0o coll ects all types of recycl abl
is it separated and ¥fSaveerpaa Steffdinc.faso provides premar k e
installment audit services to euale current systems and give recommendations, as well as
offering education programs for staff and custodial series.

Other schools, like Babson College, sell their sikgjiteam recycling to processing
faciliies where they are separated and $#ldSone institutions have relationships with
companies that provide student organizations with the opportunity to be members, and thus be an
onrcampus outlet for certain hatdr ecycl e mat eri als. One exampl e
relationship with the &rraCycle program, in which hatd-recycle and nomecyclable materials
are sent to the company to be made into new, usable prddfucts.

In order to engage the @ampus and oftampus community, institutions utilize both
permanent incentives and temporagnual events to encourage recycling participation. Boston
University, for example, provides discounts in theiroampus dining operations to students who
use their own reusable mugs instead of the singéeones providett? Some institutions employ
stuckents in their recycling management offices, and maintain strong relationships with on
campus student organizations to encourage student and faculty involvement in the recycling
processes and improveméntRecycling competitions, both within and between pases, are a
strategy that is widely used in campuses across the Boston Area. Emerson College has on
campus competitions and student pledges to encourage participation and personal interest in
increasing the percentages of total campus recy¢litig.addiion, Emerson College and Boston
University*>® participate in RecycleMania, a nationwide competition sponsored by large
corporations like Coc&ola, in which college and university campuses record their recycling
statistics for an 8 week period in the spregmester and are then ranked according to who
recycles the mose®

On March & of 2018, the yearly RecyclingWorks conference took place at Boston
College, and many of the Boston institutions included in this analysis particifafus 2018
College & Uniwersity Forum hosted by RecyclingWorks is a place where professionals in the

i MateriallsedMe, € Save That S thupf/fwwlsavethatstéifcee s s e d April 2
AfRecycle, 0 Boston University Sustainability | Faci |l iti
http://www.bu.edu/sustainability/campussources/reduesuserecycle/

493 Materials We Collecto Save That Stuff Il nc. , n. d.

150ﬁRecycI ing and Solid Wast e 018. hiBpd \bvsvdabsoCedu/dbeuge. Accessed
babson/sustainability/greesampus/Pages/Recycliand Solid-Waste.aspx
BlgTerr a Cycl ebe TepbpbaCyt me ac Anttps:évessy.édacyhlp.aoin/édS/2 01 8 .

152ﬁRecycI e. 0 Boston University Sustainability | Facil it
http://www.bu.edu/sustainability/campussources/reduegeuserecycle/

15?’ﬁRecycI ing & Sustainability,d UMass Boston | Campus C
https://www.umb.edu/campus_center/about/recycling_sustainability

1%50ne Goal: Zero Waste.d Sustainability | Recycling &

http://www.emerson.edu/sustainability/recycliogmposting

155ﬁRecycI e. 0 Boston University Sustainability | Facil it
http://www.bu.edu/sustainability/campussources/redueesuserecycle/

1565 About Recycl eMani a, 0 Rec ntpd:/ecMalemama.org/Accessed April 20

15752018 €@oUhegersity (C&U) Forum, 0 RecyclingWorks Massa
https://recyclingworksma.com/events/2eddlegeuniversitycu-forum/.

97


http://www.savethatstuff.com/
http://www.bu.edu/sustainability/campus-resources/reduce-reuse-recycle/
http://www.babson.edu/about-babson/sustainability/green-campus/Pages/Recycling-and-Solid-Waste.aspx
http://www.babson.edu/about-babson/sustainability/green-campus/Pages/Recycling-and-Solid-Waste.aspx
https://www.terracycle.com/en-US/
http://www.bu.edu/sustainability/campus-resources/reduce-reuse-recycle/
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https://recyclemania.org/
https://recyclingworksma.com/events/2018-college-university-cu-forum/

area get together to discuss ways to improve recycling systems in their respective educational
institutions. This yeards conferencerewsas f oc
programs on college and university campuses, as well as the recycling and recovery of food in
everyday processes and special events within campuses in the Boston Areeanhmies
collaboration and accountability is an ongoing process essendalthe optimization of
educational Il nstitutionsd recycling systems.
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4. Analysis: Where Can/Should We Take
Our Recycling?
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Introduction

There are a wide variety of recycling and transfer facilities in the state of Massachusetts,
ranging from highly pecialized facilities that only accept a few materials to larger facilities that
accept all materials in a range of streams. We assessed a selection of these facilities that accept
commercial recycling based on the following factors: distance from thedeolability to accept
singlestream or multstream recycling, cost, and variety of materials accepted. We called and
emailed representatives from local facilities to gather information. After analyzing these factors,
we propose that Wellesley College eaits recycling to the Town of Wellesley Recycling and
Disposal Facility (RDF).

Methods

We identified 73 of the recycling and transfer facilities closest to Wellesley College. We
filtered out facilities that were mistakenly identified as recycling faedjtthose that would not
serve businesses or eafttown/city locations, and those that were too specialized (i.e. solely
construction waste facilities) from our consideration. We prioritized those that appeared to offer
the required services and had ttepacity to conduct business with an institution of Wellesley
Coll egebds scal e. Out of the |list of 73, we na
appeared to accept commercial recycling. We contacted representatives from those facilities.

We gathered information by asking representatives to answer the following questions
over phone or email:

a. Are you currently accepting new clients? Are there are restrictions on whose
recycling you do accept?

b. Which recycling streams do you accept?

c. If you accet commingled, would you accept them in plastic bags or would they
need to be loose?

d. What is the cost of recycling for each stream for a client that produces
approximately 60 tons of commingled, 80 tons of office paper, 10 tonssingle
stream, 24 tons unked corrugated containers, and 2 tons baled corrugated
containers per year? (Or: What are your facility costs per stream?)

e. Do you sort or process recyclables? Or where do you send your recycling for
processing?

We rated each of the locations based onptrameters of ease and cost. Ease addressed
the distance of the facility from the college, whether the facility sorts or transfers, and whether
separate waste streams are accepted. Cost addressed the fixed and variable costs, including
penalty fees for rgeling contamination. Other important parameters included greenhouse gas
emissions (e.g the use of more efficient equipment) and environmental justice considerations.
However, these factors could not be easily assessed by phoneradimterviews and we
therefore not primary considerations in our assessment.
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A Review of the Recycling Facilities Contacted

All facilities are in the state of Massachusetts.

Casell a Wast e Se rfacilitycie Iscated B rkilesr fronH ¢cammpus in
Boston. Caséd is a larger waste service company with multiple sites across the country. The

Bunker Hill | Soatti dPr oicesai nge-sSdé6ntodl i sy-st hewhero
wide term for singlestream collection. The facility accepts paper, cardboardti@lagass, and
met al cans. Casella also offers collection se

70 colleges and universities in the Northeast, and the company advertises its ability to create an
efficient and integrated system for coliea for all campuswide facilities, including dining,
athletics, administration, and housing.

Covanta Holliston is located 8.4 miles from campus in Holliston, and is a transfer
facility through which Wellesley College is currently managing its commingdegclables. The
College began sending its commingled recycling to Covanta when the Wellesley Recycling and

Di sposal Facility (RDF) stopped accepting the
waste import ban. It was also convenient for the @ell® send its commingled recycling to

Covanta because Wellesley Trucking al¥eady 1
Currently, Covanta accepts the Collegebs com
paper or cardboard, which continuesgm to the Wellesley Recycling and Disposal Facility.

Covant a Hol I i st on declined t o of fer prici nog
Sustainability Coordinator, Dorothea von Her

commingled recycling>®

Conigliaro Industries is located 6.4 miles from campus in Framinghtdiihe facility
accepts multstream recycling. It currently accepts commingled recycling but is in the process of
phasing it out. Conigliaro offers collection services and also accepts drofipecyclables. It
requires a minimum cost of $80 per difp under 1,000 Ibs and $150 per drofh over 150 Ibs.
Plastics cost $50 per ton, cardboard is free, glass costs $150 per ton, and paper costs up to $30
per ton. The facility also accepts ehectic waste. It costs $50 to recycle monitors and $70 to
recycle television sets. Computer recycling costs about $5 per piece. Conigliaro does not accept
fluorescent bulbs or standard batteries. Its sorting and processing practices vary depending on the
material. The company separates metals and plastics and makes bales of paper, cardboard, and
plastic. Workers take apart recycled electronics but do not process them. Where Conigliaro sends
its recycled products depends on market conditions, but the compastly confines itself to
domestic market$!

Northeast Material Handling is a singlestream and mukstream recycling provider
located 30.5 miles from campus in Ayer. The facility is committed to-dost sustainable

158\/0n Herder, Dorthea. Interview. April 24, 2018.

¥von Herder, Dorot hea. ilnfo for Es 300,00 March 21, 20
1805 coni gliaro I ndustries. o0 Coni ditpi/avwaonigliard.ecosi/t r i es. Acces
161 Representatie from Conigliaro Industries. Interview. Phone, April 12, 2018.
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recycling and operates a program edlINorth East Single Source Recycling (NESSR) that
tracks the amount that an organization recycles with Northeast Material Handling and provides
credits to the organizations. Additionally, Northeast Material Handling colleetasee and
processes all ohe electronics on site manually. Nothing is sent internationally, which is unique
in ewaste recycling® and has positive environmental justice implications. Northeast Material
Handling has a recycling piaekp service. Northeast Material Handling is enghgith the local
community, sponsoring local sports teams and hosting community recyclingflays.

The Town of Wellesley Recycling and Disposal Facility (RDH¥ located just 3 miles
from campus and has accepted Wellesley College recycling in the paditdlaecepts both
singlestream and mukstream recycling. The Wellesley RDF is extremely well developed, and
accepts and processes a wide range of recyclable materials. Due to the changes in materials being
accepted by China, the RDF increased its pricessinglestream, commingled, and glass
recycling. The RDF currently pays commercial organizations $15 per ton for cardboard, $5 per
ton for mixed paper and for mixed paper and cardboard together, while charging $60 per ton for
singlestream recycling,rad $125 per ton for glass. It accepts mixed plastic and mixed metals at
no cost'®* The prices for singkstream, commingled, and glass recycling were previously $10
per ton, $60 per ton, and $60 per ton respectively. The RDF has stopped accepting tlee@slleg
commingled recycling and it will not accept singleeam recycling from the College, though it
continues to accept sorted materials. Waste is sold both domestically and internationally and
generates profit for the town of Wellesi&y.

Waste Management(WM) Foxboro is a single stream only recycling facility located
about 17 miles from campus in Foxborough. The facility is a large processing facility that sorts
the recycling and ships it to processing and remanufacturing plants. WM requires the ege of th
collection services. WM Foxboro is able to accept a wide variety of materials to be recycled.
They do offer campus recycling programs for colleges and universities to help meet institutional
sustainability goals, such as offering both sirgjleam andluatstream programs. The website
provides some case studies of institutions that have incorporated some of WM recycling
programs to achieve specific recycling ra®s.

Orifice Recycling and Refuses a smalscale recycler, located 7.3 miles from campus
in Natick. It accepts singlstream and muklstream recycling as well as various speciality
streams including compost, appliances, and demolition waste. It provides both residential and
commercial collection services but its status on acceptingaffefs uncleart®’

162 Representative from Northeast Material Handling. Interview. Phone, April 11, 2018.

3 Northeast Material Handling. 0 Northeast Materi al Han
http://www.liguidatedstuff.com/recycling/recycledays.html

%4von Herder, Dorothea. fiData to Show in Class Today, 0
165ﬁRecycIing and Disposal F axassédiApriyl6, 2018 own of Wel l esl ey,
%65 case Studies. o Foxborough Waste Management. Accessed
https://www.wm.com/enterprise/collegad university/casestudies.jsp

%75 wast e Management Educational Resources. 0 Waste Manag

https://www.wm.com/about/community/educationesources.jsp
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Eoms Inc. is located 27 miles from campus in Bridgewater. It is a famity, locally
owned and operated, ftdervice recycling and waste removal company. It focuses on cardboard,
paper, and singlstream recycling as well as business rangcprograms, organics and food
waste recycling, composting organic materials, solid waste/trash removal waste services, e
waste, and construction and demolition waste disposal services. They also provide balers and
compactors. It services most areas ekeggstern Massachusetts and Cape Cod. Fees are based
on size of container and frequency of collection. Cardboard is the least expensi2QHiér
ton). As for contamination rate, this fee can vary anywhere frorb885er ton and is directly
charged tdahe customet®® The cardboard is shipped to Canada. They also ship other recyclables
to China.

77 Recyclingis located 30 miles from campus in Clinton. It specializes in recycling
plastics; however, it also provides cardboard, glass, metal, and papemgesgrvices. They
collect and process post industrial scrap and do not handle any commingled items. They are
currently working on a system that will handle commingled scrap. They were not able to offer
exact pricing, but did discuss some of the varghieey use when providing pricing to
customers, such as distance and frequency that items need to be shipped. For example, the higher
the weight per load, the less it costs per pound to ship. This is a fixed cost and is not dependent
on material type. Cuently, the facility offers the following pricing: White ledger office paper is
around $250 per ton baled and cardboard is about $95 per ton baled. In addition, they process
plastics on site and and send paper products to surrounding mills in the arés akéetallected
and sold®® The representative also suggested to contact EL Harvey, another local recycling
center, as they might be able to answer pricing regarding sstrgi@m collection as this
particular facility, El Harvey specializes in singiFeam sorting and collection.

Miller Recycling is a familyrun facility located 29 miles from campus in Mansfield and
specializes in commercial recycling. The facility processes and recycles paper, metal, plastic,
electronics, and organic materials. It alpoovides services such as equipment (balers,
compactors, air systems, as well assde trailers, and transportation), material pigk
shredding, data and product destruction, and salvage cleanouts. The facility requires prior
inspection of material tbere committing to new suppliers. It only accepts clean material (i.e.
properly sorted and marketable) and does not accept commingled matéAatsice quote was
not generated from this facility, but as with other facilities, handling and transportattmare
a major factor in determining prices or charges. There is minimal sorting since they do not accept
commingled items.

Save That Stuffis located 20 miles from campus in Boston. The facility accepts single
stream, paper, cardboard, metal, elett® and compost. Recyclables are hand sorted at the
facility, however, singlestream is not processed-site. It is sent to Casella Waste Services. A
recycling rate was not provided, but this cost is dependent on factors such-ap pickle, type
of campactor/dumpster used, as well as frequency of collection. A representative from the

168 Representative frorBoms Inc. Phone conversation, April 11, 2018..
169 Representative from 77 Recycling. Email correspondence, April 12, 2018.
170 Representative from Miller Recycling. Email correspondence, April 12, 2018.
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facility did indicate the range in which it charges a contamination fee which varies anywhere
from $25%$200.

The above eleven facilities responded to contact attembisdosufficient information on
their website to answer some, most, or all of our questions. A few facilities did not respond to
our inquiries despite multiple attempts at contact over phone and email. The nonresponsive
facilities were Braintree Technic8ervices, E.L. Harvey and Sons, Greenworks, and Surplus
Technology Solutions.

We excluded seven different facilities from our ultimate analysis because their services
proved too niche to be reasonable. Earthworm Recycling only takes recycling from small
businesses$’! Northside Carting, Inc. will not accept recycling from the town of WelleSley.
Stoughton Recycling Facility only accepted construction and demolition recy€ling.
Wheelabrator Saugus does not accept recyélth§alem Recycling Plant accepts coeruial
recycling, including most varieties of paper and some plastics, but the main grade of plastic it
accepts is lowdensity polyethylene (LDP) plastic from distribution cenféfsMr. Trashman
was solely a hauling company, in the same vein as our dyrcamtracted Wellesley Trucking
haulers. Strategic Materials, Inc. in Franklin accepts only glass and industrial gidstics.

Recommendation

Based on the information we obtained, we recommend sending our recycling to the Town
of Wellesley RDF in multipletseams.

We deemed eleven facilities high priority. Out of these facilities, seven accept single
stream recycling: Casella Waste Services, Northeast Material Handling, the Wellesley RDF, WM
Foxboro, Orifice Recycling and Refuse, Eoms Inc., and Save th#t Stwanta Holliston,
Conigliaro Industries, (though phasing it out), and WM Foxboro accept commingled recycling.
Conigliaro Industries, Northeast Material Handling, the Wellesley RDF, Orifice Recycling and
Refuse, 77 Recycling, Miller Recycling, and S#vat Stuff are multstream facilities.

Most companies could not give us estimates of recycling costs, given that we were
student researchers collecting data rather than potential clients requesting a quote. Moreover,
many facilities were unresponsive d¢alls or emails. Many that were responsive could not, or
would not, answer many of our questions. Several representatives we spoke with declined to
answer questions on their facilitiesd environ
with authaity on the matter or because they sent their materials for processing at other facilities
whose environmental efforts were outside of their control. Ultimately, these barriers to collecting
information made comparisons across facilities based on oucmetrallenging.

Representatives from none of the eleven contacted facilities shared information on their

facilitiesd6 environment al considerations and
"lEart hworm. o Earthworm R 4& hite/wivwnegrthwodnoer\elsmicsoegd Apr i | 15,
25 Northside Carting.o0 Northside Carting, I nc. Accessed

http://www.north&lecarting.com/recyclingervice.html

173 Leach, Jeff. Interview. Phone, April 12, 2018.

174 Representative from Wheelabrator Saugus. Interview. Phone, April 12, 2018.

175 Representative from Salem Recycling Plant. Interview. Phone, April 12, 2018.

6 Hennemann Laura. fdFranklin, MA Facility Services & Prici
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on pricing per stream: the Town of Wellesley RDn@liaro Industries, and Eoms Inc. Eoms

only provided pricing information for cardboard recycling despite also accepting paper and

singlestream recycling.
recommend
How Many Strears?). Because of this recommendation, we prioritized ratriéiam recycling
facilities. A comparison of facilities is shown in Figure 4.1 below.

We

sendi

ng

out

t he

Col |l egeds

Metric Conigliaro Northeast | Wellesley Orifice 77 Miller Save that
Industries Material RDF Recyclin | Recycling | Recycling | Stuff
Handling g and
Refuse
Accepts Yes, but No No Unknown | No No No
commingled | phasing out
Pricing Yes Unknown | Yes Unknown | Unknown | Unknown Yes, for
Available contamination
fees only
Accepts e Yes Yes Yes Unknown | No Unknown Yes
waste
Environmenal | Unknown Unknown | Unknown Unknown | Unknown | Unknown Unknown, but
Initiatives do handsort
recycling
Processes Depends on | No Unknown Unknown | Unknown | Unknown No
recycling the material
Material Largely All Domestic Unknown | Unknown | Unknown Unknown
Destination domestic domestic | and
internatbnal
Accepts drop | Yes Unknown | Yes No Unknown | Unknown Unknown
off
Offers Yes Yes Unknown Unknown | Unknown | Unknown Unknown
collection
services
Distance from | 6.4 miles 30.5 miles | 3 miles 7.3 miles | 30 miles | 29 miles 27 miles
Wellesley (Framingham)| (Ayer) (Wellesley) | (Natick) [ (Clinton) | (Mansfield) | (Bridgewater)
College

Figure 4.1: A comparison of multistream recycling facilities.

Due to the general lack of environmental information, we based our recommendation
primarily on picing. Since Conigliaro Industries and the Wellesley RDF were the only facilities

r

which made costs per its multiple streams available, we narrowed down our analysis to those two
facilities. There was no compelling reason to include the other five-stléim facilities among
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our leading contenders as they did not offer information on environmental or social initiatives
that outweighed cost concerns. We included Covanta Holliston in our price analysis, as the
College currently sends recyclables there, bt mased our estimate of $95 per ton of
commingled recycling on previous communication with the Office of Sustainability (Figure 4.2).

Stream Wellesley RDF Conigliaro Industries Covanta Holliston
Mixed Plastics No cost -$50/ton Unknown
Cardboard +$15/obn No cost Unknown

Paper +$5/ton Up to-$30/ton Unknown

Mixed Paper & +$5/ton Unknown Unknown
Cardboard

Glass -$125/ton -$150/ton Unknown
Single-Stream Stream Not Accepted Stream Not Accepted | Unknown
Commingled Stream Not Accepted Unknownt’’ -$95?/ta’ "8

Figure 4.2: Cost comparison between the Wellesley RDF, Conigliaro Industries, and
Covanta Holliston.i + 0 i ndi cat-6 redenateandsfis to the Co

Conigliaro Industries charges higher prices overall. Its cost per ton recycled is loigher f
mixed plastics, glass, and paper. The Wellesley RDF accepts cardboard or mixed paper and
cardboard rather than paper alone, and the revenue of those streams are $15 per ton and $5 per
ton respectively, which i s c étpeatprefor papdr.dmeseConi g
pricing differences are significant because W
recycling and mixed office paper in 2017, which encompass mixed plastics, glass, and paper.
The College recycled 56.04 tons of comgied recycling, 82.99 tons of mixed office paper, 24
tons of unbaled corrugated containers, and 2.06 tons of baled corrugated containers (boxes) that
yearl’®We did not find that Conigliaro Industries offered any clear advantages in otheosion
basednmetrics.

We recommend sending the Collegebs recycli
most costeffective multistream option. The Wellesley RDF has a diverse array of sorting
categories compared to similar municipal facilities. While shsgleamrecycling is a common
option for educational institutions in the surrounding redf®rsinglestream in general will
likely be phased out due to expense in wake of the recycling situation in China. It will be to our
advantage that we establish a sourcersgjpa standard here at Wellesley College in preparation
for that shift. Keeping recyclables in Wellesley is not only most economically advantageous but

77 A representative from Conigliaro Industries declined to provide pricing information for commingled streams as

the facility is in the process of phasing out its acceptance of commiraglgcling.

18yon Herder, Dorothea. filnfo for Es 300,060 March 21, 20
179 Wellesley College Recycling Data 2017.

180\/on Herder, Dorothea. Interview. April 24, 2018.
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will also generate the lowest environmental costs of fuel generated GHG emissions associated
with trangorting waste to recycling facilities.
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5. Analysis: Reducing Waste and The Need
For Recycling
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Introduction

The previous pieces of this report consider materials only at the very end of their use on
campus as they enter the waste stream. Anothetway c hange the Coll egeods
reduce the total amount of materials entering the campus in the first place. With this goal in
mind, we examined typical recyclable materials found on campus: plas@cglass, steel,
aluminum, cardboard, arghper. For each material we considered five factors: 1) environmental
i mpacts of its |ife cycl e, 2) where on the C
guantities, 3) what functions on campus this material provides, 4) more sustainablenmeplac
to these materials, and 5) how feasible replacement is.

This analysis allows us to make recommendations for reducing or replacing the materials
often purchased for use on campus. These recommendations take into account the following
metrics: cost (dect fees and revenues), resource conservation, greenhouse gas emissions,
toxicity, and both individual and institutional ease.

Life Cycle Analysis of Materials

To understand each material 6s environment a
(LCA). An LCA calculates the environmental impacts of a product or process through each stage
of its production, use, and disposal. We used the computer software SimaPro to complete our
LCAs, because it has a comprehensive database of materials and is the istdinstard for
making business and design decisions.

We compared the life cycles of 1 pound of each target matesal ng Si maPr o6 s
2.1 V1.01 / US 2008 method and normalized the results. We constructed our analysis using
lifecycle data for newly pruced material, that is, made from virgin components rather than
recycled, that is conventionally discarded. Essentially, we analyzed the environmental impacts of
not recycling our target materials by considering the costs of needing to produce new, virgin
units of that substance.

Because our analysis was based on a standard unit of weight, these results do not
necessarily translate to a fair comparison of products. One pound of plastic #1 produces far more
bottles than one pound of glass. Our analysispaoes the relative impacts of using one material
versus another, in whatever form, in order to identify which common materials are particularly
environmentally harmful. When discussing each material, we will translate 1 Ib of material to
functional units.

We focused our analysis on five impact categories: global warming, ecotoxicity,
carcinogenic emissions, non carcinogens, and respiratory effects. We rated the relative impacts
on a scale of 6Lowbé to O6Very High. o

The normalized metrics we used for ouingtare:

Low 0-0.0005
Medium 0.000250.0005
High 0.00050.001
Very High  >0.001
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Assigning these qualitative values allows us to consider the results of our LCAs
alongside other concerns.

Purchasing Behavior on Wellesley Collegebds Ca

A substantiaportion of waste is brought to campus by departments and offices, instead
of individuals. To get a sense of the purchasing decisions currently being made and what types of
materials are being disposed, we identified: the Economics Department, LibraFgamlogy
Services (LTS), and AVI Fresh. We chose these three groups to represent different types of
institutional decision makers on campus: academic departments, library and technology, and
dining services.

AVI Fresh is the food service provider thellége contracts to run five dining halls and
three retail centers, serving food to students, faculty, staff, and guests. It serves an essential
function to the College and is a major contributor to the waste stféawe interviewed
Michael Stecklair, Diretor of Operations for AVI Fresh, and Keith Tyger, Executive Chef. The
great majority, estimated 80%, of the packaging waste from AVI Fresh is cardboard, which is
one of the cheapest materials for packaging. Cardboard is mostly taken to the Wellesley
Recyding and Disposal Facility (RDF). A small percentage of the cardboard, estimated 5%, is
wax-coated for products like chicken. This cardboard is not recyclable and must be thrown away.
After cardboard, the next most prevalent packaging material is plastprdducts such as oils
and vinegars. Cans, a mix of aluminum and ste
be used except in packaging fish, which is more difficult to store.

The Economics Department is the largest academic department at ltbgeCand it
mirrors the structure of most academic offices on campus. The department provides
administrative support to faculty and students, coordinates and publicizes relevant events, and
stocks the department 6s of fed Sheila Batzt the Abadesnicc s u g
Admini strator for the department. She esti mat
purchases are printer paper, printer toner, blue books for exams, paper coffee cups, and
compostable paper plates. When the departmentdratrol over the disposal of these items, they
try to recycle all of them appropriately. Blue books are handed out to students, who may recycle
them or not, and coffee cups have to be thrown away.

LTS provides resources for teaching, research, and &tration. They run four libraries
on campus, and are responsible for purchasing and maintaining technology in classrooms and
offices. We interviewed Gerard Euell, the Operations Manager. Since electronic waste is outside
this project 0lattlei relpvant wasteeprotiuct$ ate maisly cardboard and other
packaging materials, printer paper and toner, and coffee supplies. LTS {iliys &offee pods
and paper coffee cups for its office staff. Cardboard and paper are recycled, as are toner
cartik ges (returned to the manufacturer YGupsso t he
and coffee cups.

BlEpnvironment al Studies 300. AWaste Not WaslesleWot: An En
Coll ege Waste Stream and Steps for a More Sustainabl e |
https://www.wellesley.edu/sites/default/files/assets/departments/environmentalscience/file2084s300
wastenotwantnot. pa¥xii.
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Plastics
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Figure 5.1: Comparison of environmental impacts of making plastics-6.

Material | Global Carcinogens | Non Ecotoxicity | Respiratory Effects
Warming Carcinogens
Plastic 1 | Low Low Low Low Low
Plastic 2 | Low High Low Low Low
Plastic 3 | Low Low Low Low Low
Plastic 4 | Low Low Low Low Low
Plastic 5 | Low Low Low Low Low
Plastic 6 | Low Low Low Low Low

Figure 5.2: Ratings of environmental impactf making plastics 16.
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Plastic 1
1 Ib = 44.4 500mL plastic bott/&8

Plastic 1 is polyethylene terephthalate, shortened to PET or PETE. It is a clear, sturdy
material used for water and soda bottles, and other food containers like peanut®butter.
Producing plastics from raw materials creates greenhouse gas emissions and carcinogenic
effects, but the impacts are low compared to other plastics (Figure 5.1). This is the most
commonly recycled plastic, accepted in nearly all recycling progtéms.

On campusthe main source of PET is drink bottles. The Emporium and the Leaky
Beaker sell drinks in PET bottles, and individuals bring more in frorcafipus. Some
academic departments buy plastic water bottles for guest speakers and event receptions.

Bottled wder could be replaced in many ways. Celéective options are reusable water
bottles, reusable water jugs, washable cups at events, and water filters on sinks and fountains.
Other drinks, like sodas and juices, are available to students in the dinisdpinaiithout the
convenience and portability of a bottle. To reduce PET waste on campus, the Emporium and
Leaky Beaker could address these functions by selling drinks from a soda machine with a
discount for bringing a reusable cup or bottle.

When peopleon campus talk about reducing plastic waste and changing purchasing
behavior to be environmentalfyiendly, they often think about plastic bottles. The culture in
some departments has started to change so that disposable bottles are not the nornm, but othe
departments and many students still find the convenience worthwhile. The College has made an
effort to shape studentsd habi tyear &tudents dunnyi ng o
Orientation, and by i nsfiliad dtationsgin ofitéder|space® from Wh e e |
spring to fall'8®

Plastic 2
1 Ib = 7.5 1gallon milk jugs®®
1 Ib = 82 plastic shopping ba§s

Plastic #2, HDPE (high density polyethylene) is used for food containers, especially jugs
and bags that have to be shstfible,as well as plastic shopping bags. The lifecycle of this
plastic is more harmful than others, especially due to the carcinogens that are released at various
points through production (Figure 5.1). Since it is made with energy from fossil fuels, there is

¥american Samoa Power Authorit y Materials Management O
http://www.aspower.com/aspaweb/bids/RFP%20N0O.%20ASPA14.1216%20ASPA%20AND%20PUBLIC%20JOIN

T%20VENTURE%20RECYCLINGAppendix%20A.pdf
183 «

ADemystifying Recycling Plastic. 0 Accessed April 15,
http://www.franklinma.gov/sites/franklinma/files/uploads/plastic_recycling.pdf
184ﬁDemyst i fying Recycling Plastic.o0 Accessed April 15,
http://www.franklinma.gov/sites/franklinma/files/uploads/plastic_recycling.pdf
Bwel | es | ey Office of Sustainability. AWater. o Wellesle

http://www.wellesley.edu/sustainability/whate-re-doing/water

18R ce, J uWephtDdi t yglugs Significantly Cut HDPE Usage. 0 F
2018.https://www.packworld.com/article/food/dairy/lighteightdairy-jugs-significantly-cuthdpeusage
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same global warming impact from production, but the impacts to-aamtefrelated human
health, ecotoxicity, and respiratory effects are small. Recycling or replacing this plastic instead
of making it from raw materials would have an important benefit tgliteal environment.

This type of plastic may be brought to campus by individuals more than by organizations,
when students buy laundry detergent, shampoo, and anything from a store that uses plastic
shopping bags. The town of Wellesley banned plastickebat bags in 2017, making them less
common in the campus waste streldfn.

HDPE may be challenging to replace with other materials. The important functions of
this plastic include carrying things, as in bags with a high streogtreight ratio; staying
flexible and not cracking when old; and either keepagyair and moisture or keepini
hazardous chemicals.Some of these functions will be replaced more easily than others. Paper and
cloth shopping bags have proven to be an acceptable substitute far iplasbst cases, though
Wellesley (the town) and other communities with bag bans still allow plastic bags for produce,
garbage, and other uses. Other properties that make this plastic useful make it difficult to
substitute. Glass is equally good as andmjous, longlived storage container, but can easily
crack. (see Figure 5.8 for how glass scores on other metrics.)

Plastic 3
1 1b = 1 ft pipe (2 ¥ inch diameté?
1 Ib = 90 disposable glovEs

Polyvinyl chloride, or PVC, is labeled as plastic #3. Téren PVC is used most often to
refer to the pipes and other durable construction materials it can be made into, but PVC can also
be thin and clear, used for bags, shrink wrap, singtegloves, and clamshell food packaditiy.
It is difficult to recycle, maning energyntensive and therefore expensive. ltems made with
PVC are designed for uses that generally leave them dirty or mixed with other materials, so
theydre not recycl e even when it is an optio
PVC is different from other plastics in that it mt made primarily from petroleum.
Around 60% of the raw material is chlorine derived from salt, and production of the plastic uses
20% less energy than other plastits.However, separating chlorine from salt using an

188ﬁPIasticOBngBybe&w.WeIIesley, MA. Accessed April 16, 2
https://www.wellesleyma.qov/456/PlastiagBylaw.
85Sch 400 &PBEC hPi8pe Specs.o0o Accessed April 23, 2018.

https://flexpvc.com/Reference/PVCPipeSpecsRigid.shtml

107 s K1 NTYEXSmPowdeFr ee Gl oves. 0 Ac dteps/svewdvitaitpnedidal.c@ndskinix2 0 1 8 .
vinyl-powderfree-exan
gloves.html?matchtype=&network=g&device=c&adposition=105&keyword=&gclid=EAlalQobChMI08Xss9bR2g|l
VWOoONCh2S6Q0OJEAQYBSABEgLJFVD BwWE

191ﬁDemyst ifying Recycling Plastic.0d6 Accessed April 15,
http://www.franklinma.gov/sites/franklinma/files/uploads/plastic_recycling.pdf

1925 po| yvi nylvCChl Brriide sh Pl astics Federation. Accessed /
http//www.bpf.co.uk/plastipedia/polymers/pvc.aspx#Recycling%200f%20PVC

19?’ﬁDemyst ifying Recycling Plastic.d Accessed April 15,
http://www.franklinma.gov/sites/franklinma/files/uploads/plastic_recycling.pdf
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electrolysis process takes more egefy and many PVC products have chemicals added for
flexibility or other properties, making the net environmental and human health impacts higher.
The PVC industry is working to reduce their use of controversial addifiv€ar construction
mat er i a llighthessPavdCdurability may make it environmentally better than substitutes,
like metals which are heavy and rely on mining.

Much of the PVC thrown away on Well esley C
used in the dining halls, and disposable gipwehich are used in the dining halls by custodial
staff, Health Services, and science labs. Shrink wrap protects food from drying out and from
contamination, so it stays f-usegdves Inohe kitehens and
also protectfood r om cont amination, and they also prot
potentially harmed. Gloves save water and time by reducing the need to wash hands after each
task. The functions of thin, flexible plastic film are challenging to replace,replacements
would significantly increase cost and reduce ease.

Plastic 4
1 Ib = 209 60 x 3&°x 120 .65mil bread bags

Items labeled as plastic 4 are made out of-tamsity polyethylene (LDPE). It is
typically used in packaging such as transparens,begating or film for packaging liquids,
shrink wrap, and squeeze bottl€§Compared to the other types of plastic we analyzed, new
LDPE has a relatively low impact throughout its life cycle, with the majority of its environmental
impact falling intothee. CA6s gl obal warming category (Figur
life cycle impacts than other types of plastics, it is difficult to recycle.

The ability to recycle LDPE varies depending on its form. Bags and packaging film made
from LDPE can be recyed but they must be both clean and dry in order to be processed. Also,
they are often not accepted in conventional recycling schemes, though both items can be brought
to specific collection sites such as grocery stét&®ther products that contain LDPHEf, such
as those used to package liquids, can often be broken down and recycled by component, but the
LDPE is typically too contaminated to be recycled and put into the waste st&amalthough
LDPE products can be recycled, they often are not. Jusitadlastic 2, many LDPE products
such as bags and product packaging are likely brought onto campus by individuals and therefore
out of the scope of this analysis.

Much of the LDPE that is purchased by the College is found in food packaging used by
AVI Fr e s h. Mil k and milk substitute containers
waste stream and should be a focus of reduction. In these types of containers LDPE is used to

194Ting|e, Mi k e . fiGreener Chlorine. 0 Education in Chemis
https://eic.rsc.org/feature/greerdriorine/2020160.article

%5 A Place for PVC in a e Butura.iAccasbed Aprildg) 2018d ? 6 For um f or
https://www.faumforthefuture.org/greenfutures/articles/plame-sustainablaevorld.

%r6" x 3" x 12" .65 Mil Poly Bakery Bread Bags. o0 Inter
http://www.interplas.com/6x3xtB5mil-plasticbreadbagsp-br-hi09121

197ﬁDemyst ifying Recycling Plastic.d Accessed April 15,
http://www.franklinma.gov/sites/franklinma/files/uploads/plastic_recycling.pdf

1985 pliacs tFi | m Recycling FAQs. 0 The Association of Plastic
http://www.plasticsrecycling.org/education/faqs/pladifim -recycling
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line the paperboard container so that it can hold liquid. Each diningrhedimpus offers a range

of milk substitutes such as Lactaid Milk, rice milk, almond, and soy milk. Typically, the dining
halls offer these substitutes by purchasing several -giEtl containers of each and keeping
them in a separate, labelled fridge. Sowmining halls also serve milk substitutes in large
dispensers similar to those used for standard milk. These dispensers are used for soy milk and, in
some locations, for almond milk. Even when these dispensers are in place, dining halls still offer
severdother varieties of milk substitute in the quaized containers.

The ES 300 waste audit in 2012 estimated that each student discarded on average 3.24 of
these containers annually, all of which were thrown in the &&gkven if these containers were
regycled, the LDPE would likely be too contaminated to be processed as re&jelinig. worth
auditing current consumption rates of milk substitutes in each dining hall and exploring whether
it is feasible to offer more milk substitutes in dispensers inra@eninimize the amount of
packaging used. This would be a relatively easy replacement for AVI Fresh to make as it would
require few structural changes.

LDPE is also used for plastic laboratory equipment like pipettes, wash bottles, and
carboys in labottaries on campu&? These products are difficult to substitute as they typically
handle chemical material and must be treated with certain health and safety precautions that
make them difficult to clean on a large scale. Additionally, the products woulel toabe
reliably sterilized in order to avoid contamination in subsequent projects. We do not recommend
the College pursue purchasing changes for these materials.

Plastic 5
1 Ib = 150 bottle cag?®

Polypropylene, or plastic #5, is often used in opaqued feontainers, medicine
containers, straws, and bottle caps. This plastic ranks low in all five impact categories, and does
relatively little harm in comparison to other plastics (Figure 5.1; Figure 5.2).

We are likely to find plastic #5 in foedistributing centers on campus. Straws are located
in many of the dining halls. Opaque food containers and bottle caps can be found in places that
sell packaged food or drink, such as the Emporium, the Leaky Beaker, and Collins Cafe.

Straws could easily be elimimat from the dining halls without the need of a
replacement. Some students do use the plastic straws in the dining halls; howevarsetsaw
make up a relatively small portion of the student body. Alternatively, plastic disposable straws
could be replacedith reusable straws, made from plastic, metal, or wood, that are treated like

20 Environment al Studies 300. iWaste Not Want Not: An Er
Coll ege Waste Stream and Steps for a More Sustainabl e |
https://www.wellesley.edu/sites/default/files/assets/departments/environmentalscience/file204s300
wastenotwantnot.pgfi19120.
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any other dining hall dish or utensil. The cost of purchasing reusable straws is not unreasonable,
and would be a worthwhile investment in the long run, both in reducing wadtérom a cost
standpoint. However, reusable straws would be additional dishes for dining hall workers to wash
and put out for use. It would be far simpler to eliminate straws from the dining halls. Straws can
also be found in the Emporium. It is lessqti@al to replace or eliminate these straws because
the lids of some of the drinks made in the Emporium necessitate straws.

Opaque food containers, as found in the Emporium and the Leaky Beaker, could be
replaced by other plastics or in some situationpdgyer or cardboard. Plastic, when recycled, is
often downcycled, while paper can more often be used in a similar way after being recycled.
Therefore, it may seem more sustainable to use paper packaging. Some of these opaque
containers store liquids or othsubstances that could not be usefully held by a paper container.

In addition, plastic #5 is a relatively harmless plastic compared to other plastics, and ranks lower
on our impact factors than does paper (Figure 5.6). We do not recommend replacingtplasti
with another material for the purpose of food packaging.

Bottle caps are necessary for preserving the liquid inside plastic bottles. The plastic could
be replaced by another type of plastic or by metal; however, it is likely difficult to find vendors
who sell bottles capped with a different kind of material. In addition, plastic #5 scores fairly well
on the impact factors, and therefore it does not make sense to replace this material in the case of
bottle caps.

Plastic 6
1 Ib = 1 cubic foot of Styrafan?®*

Plastic #6 (polystyrene) is a cheap, lightweight, and insulating material, most commonly
known by the brand Styrofoam. It is used in packaging, takeout containers, cups, and other
disposable dining materials. SimaPro results show that it has thetlaweact on the five
measured categories. Apart from these metrics, polystyrene is known to leach nervous system
toxins and carcinogens during use, increasing toxicity to hufais.terms of environmental
effects, polystyrene production may create mihi@iG production, but it is difficult to recycle,
nonbiodegradable, and toxic. Also, its lightweight structure lends it to transport by wind,
making it an environmental contaminafft.

Use of polystyrene for dining purposes at Wellesley College is very &mad our
interviewees did not report high amounts of polystyrene use. For example, when AVI Fresh
provides disposable dishware it is a compostable paper product, and cardboard packaging is
preferred to foam. It is possible that polystyrene enters Wellésben student purchases, as
packing peanuts in department shipments, or foam packaging containers. A relatively
inexpensive replacement for packing peanuts may be newspaper or shredded paper filling.
Another replacement is biodegradable packing peartutsigh they do have a higher cét.

204Styrene Product s, Il nc. AExpanded Polystyrene Foam (EP
http://www.styreneproducts.com/media/files/EPS%20Foam%200verview.pdf

2055 AT SPDRXFAQSM: Styrene. o Accessed April 17, 2018.
https://www.atsdr.cdc.gov/toxfags/tf.asp?id=420&tid=74
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These replacements would still create waste, but are more recyclable and biodegradable,
reducing toxicity to the environment and humans. Replacements would likely have to be made at
the distributor level, which may be fidult to enforce, but both replacements are easily available

for purchase in larger quantities.

Metals
1 Ib = 34.6 355mL aluminum cai{é
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Figure 5.3: Comparison of environmental impacts of making aluminum and steel.

Material Global Carcinogens | Non Ecotoxicity | Respiratory
Warming Carcinogens Effects

Aluminum | Low Very High Very High Very High | Low

Steel Low Very High Very High Very High | Low

Figure 5.4: Ratings of environmental impacts of making aluminum and steel.

Steel and aluminum cans allow foodlde safely stored for long periods of time in an
easily transportable container without exposure to oxygen, moisture, or light. Of the materials
analyzed here, results of a SimaPro analysis of metal material creation demonstrate that metals
represent the ghest risk for carcinogens, ngarcinogenic toxins, and ecotoxicity. This means
if we are attempting to mitigate total toxicity from material creation, reducing metal purchasing
is very important. Steel is more durable than other recyclables, and isslese likely to release
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harmful toxins than plastic use, for examfielt has the highest recycling rate and retains
material quality through multiple recycling proces8€sThis can offset some of the harmful
impacts of mining and smelting virgin materia

According to the ES 300 Waste Audit AWaste
smal | portion of Wellesley Collegeb6s tot al W &
steel cans. The majority of these steel cans likely come from AVI Freldhtara smaller degree
T student purchasing of personal beverages and canned food items. Most steel products are made
from about 60% recycled materfal Rather than seek out a replacement for steel cans in dining
services, purchasing products that arekpged in recycled steel cans is more likely to reduce
toxicity to the environment and humans. The best option to remove steel from the waste stream
is to avoid purchasing materials in steel cans.

Paper
1 Ib = 100 sheet$?
0.001 B Global Warming
B carcinogenics

Non carcinogenics

0.00075 B Ecotoxicity
2 B Respiratory effects
©
£
T 0.0005
N
©
E
S
z
0.00025

Paper - Recycled Paper - Virgin Material

Impact category

Figure 5.5: Comparison of envirammental impacts of making recycled and virgin paper.

2095 St ai n|-etal, PlSsticeAlielnatives, NeRlastic Material, Plastic Sulitstte, NorP | a st i c Opti ons.
Accessed April 17, 201&ttps://www.lifewithoutplastic.com/store/ca/stainless_steel#. WBPwbVa

205 How to Rec y ¢ | e Earth9tl.Comblo§)tAecessed Bmilrls, 2048.
https://earth911.com/recyclirguide/howto-recycletin-or-steetcans/

2115 St ai n |-®eta, PISsticoAkernatives, NeRlastic Material, Plastic Substitute, NBtastic Optios . 0

Accessed April 17, 201&ttps://www.lifewithoutplastic.corstore/ca/stainless_steel#.Wt@PwbVa

2125 p a p Wikipedia Accessed April 6, 2018.

https://en.wikipedia.org/w/index.php?title=Paper&oldid=834518010
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Material Global Carcinogens | Non Ecotoxicity | Respiratory
Warming Carcinogens Effects

Paper Low High Medium High Low

Recycled

Paper- Low High Low Medium Low

Virgin

Figure 5.6: Ratings of envionmental impacts of making recycled and virgin paper.

The production of both virgin and recycled paper are sources of concern for carcinogens
and ecotoxicity, though more so for recycled paper than for virgin paper. This, along with the
fact that paper annot be recycled indefinitely into exactly the same material, suggests that
recycling paper is not the best way to reduce environmental or health impacts. The SimaPro
results, however, do not take into consideration land use. Recycled paper is banehehit
avoids deforestation and its subsequent environmental concerns. Paper recycling is also
beneficial to minimize use of landfills, and the associated impacts on ecotoxicity.

The largest sources of paper use on campus are likely in academicaaimdimstrative
departments, and student printing with office paper for course readings and resources. The
College currently supports free blaakdwhite printing for students with no page cap. This
year, LTS expanded printing services by introducingterainto residence halls, making student
printing more convenient. Both the Economics Department and LTS reported recycling used
paper. The best way to minimize paper use, and subsequent disposal, is through reducing
consumption. Thiscan be doneby @@t i ng an accessible |ibrary
or accessible electronic copies that are easy
more electronic distribution of department resources, readings, and spam either through
information campaigns or printing limits. Reducing paper use may be initially difficult to
implement and may temporarily decrease both institutional and individual ease, but would
reduce cost and toxicity in the long run.

Cardboard
11b=1.8(31x 31 x 21 cm) abvoard boxes?
Material Global Carcinogens | Non Carcinogens | Ecotoxicity Respiratory
Warming Effects
Car Lo High Low Medium Low
dboard w

Figure 5.7: Rating of environmental impacts of making cardboard

2350verview of Standard | n d-Pas. tAccessed Apfl 27¢20E8g i n g

http://www.valipac.be/Belgium/membensfo/pdf/OVERVIEW-OFSTANDARD-WEIGHTS. pdf

Wei ghts. o
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Cardboard production has a low impact rating in globaimvng, norcarcinogens, and
respiratory effects. It creates a medium level of ecotoxicity and a high level of carcinogens.
Although its rankings in some of these impact categories are concerning, cardboard is a widely
used, convenient packaging materlb out 80% of AVI Freshodos packe
most of which is recycled, with the exception of a small amount that isceabed. LTS and the
Economics Department also purchase items packaged in cardboard.

Cardboard could feasibly be replaced feyusable plastic packaging. If a thin plastic
were to be used, the packaging may break if a heavy item is being carried. A thicker plastic
designed for reise as a container could be used. This container would be heavier than a
cardboard box, which woulthake carrying it more difficult. In addition, the containers would
have to be returned to the distributor, which adds complexity and fuel consumption. Although
reusable packaging would certainly decrease the amount of cardboard waste coming to campus,
it would require substantial packaging changes on the part of the distributor.

In addition, if the plastic were disposed of and recycled it would likely be downcycled,
whereas cardboard can be recycled to make more cardboard. Cardboard is the most valuable
material to recycle in terms of revenue for the collegéellesley receives $15 per ton of
cardboard from the RD#? Therefore, although cardboard comprises a large amount of the
waste brought to campus by distributors, it may not be practical to repladéh imother
material.

Glass
1 1b = 0.9 750mL glass bottfes

Material Global Carcinogens | Non Ecotoxicity | Respiratory
Warming Carcinogens Effects
Glass Low Medium Low Low Low

Figure 5.8: Rating of environmental impacts of making glass.

Glass productin has a relatively low environmental impact compared to other materials
(Figure 5.8) although it has a relative medium carcinogenic impact. Glass is highly efficient to
recycle, as it can be repeatedly recycled without loss of gdHlitgowever, infrastrutral
changes to recycling facilities have made glass recycling prohibitively expéhsbeegost is an
especially rel evant metric when considering
Currently, it costs the College $125 per ton to recycle gitidse Wellesley RDE8

214 \/on Herder, Dorothea. Personal communication. February 2018.

2155 Wi n el eB\ikipedia Accessed March 11, 2018.
https://en.wikipedia.org/w/index.pRtitle=Wine_bottle&oldid=829943292

216) e Bl anc, Rick. fAGlass Recycling Facts. o The Balance.
https://www.thebalance.com/faeaboutglassrecycling2877982

217N g, Serena. AHIi gh @Restys | R wntg WRIrStregk JsumiaAprd @2, 20855 sec.
Businesshttps://www.wsj.com/articles/highostsput-cracksin-glassrecyclingprograms142969503.

218 \ion Herder, Dorothea. Personal communication. February 2018.
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Glass is primarily used on campus for food and beverage containers, although it is also
laboratory equipmerft® AVI Fresh purchases food and beverage products packaged in glass
bottles for sale in its retail locations. It would besye to substitute these products with items
packaged differently and would require no structural changes. It would be much more difficult to
substitute glass laboratory equipment with comparable products. Replacing laboratory equipment
should be lower prigty because it is typically only thrown out when it breaks, in which case the
glass is disposed in specific collection boxes that are not treated as recyclable fi%terial.

Importantly, our observations revealed that the majority of glass products reoycled
campus are alcoholic beverage containers brought onto campus by individual students. Federal,
state, and |l ocal | aws restricting the sale of
change individual purchasing behaviét.We recommend thathe College partake in an
information campaign to encourage students to purchase alcohol in aluminum cans rather than
glass bottles.

Conclusion & Recommendations

We are recommending that the College take several actions to change its purchasing
behavior ad reduce the total amount of recyclables entering the campus.First, we recommend
that the College focus especially on removing glass from the purchasing stream and reducing
paper and plastics and also offer a number of other suggestions to stefinpaspurchasing
behavior.

Next, we recommend that a set of purchasing guidelines be integrated into the
Sustainable Office Certification as carried out by the Office of Sustainability. Any group that
selfidentifies as an office can apply for this certificatiand pledge to follow a list of
guidelines. Third, we propose that additional purchasing guidelines be added into this document
that discourage the purchase of glass and of items such as paper cups.

We offer our recommendations in three categories: mgdium, and low priority. We
sorted ratings into categories considering the following metrics: environmental impact, recycling
efficiency, institutional ease, and cost.

High Priority

We recommend that AVI Fresh cease purchasing beverages packaged in glass
bottles for sale at retail locations on campus. If possible, we suggest purchasing identical
products in aluminum can packaging, which can be recycled without loss of material
quality. If that is not possible, we suggest purchasing similar products pakclkag
aluminum cans. This action does not impose significant changes in cost and it removes a
substantial cost incurred by recycling glass. We recommend that the College make these

2OEpnvironment al Studies 300. iwWaste Not Want Not : An En
Coll ege Waste Stream and Steps for aingM@l?2e Sustainabl e |
https://www.wellesley.edu/sites/default/files/assets/departments/environmentalscience/file2084s300

wastenotwantnot.pdB9.

20Environment al Studies 300. AWaste Not WaMellesleNot: An En
Coll ege Waste Stream and Steps for a More Sustainabl e |
https://www.wellesley.edu/sites/default/files/assets/departments/environmentalscience/file204s300

wastenotwantnot.pg#1

2215 | j guor License. 0 Town of Wellesley, Massachusetts. A
https://www.wellesleyma.gov/683/Ligudricense
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stock changes at the beginning of a semester to lessen impact of chanbg fel
consumers.

We recommend that LTS impose a cap on free printing for students and faculty.
The College can discourage printing on campus by either eliminating free printing
altogether or introducing a cap on free printing. This action would reduceasssiciated
with purchasing paper and toner. It would not require the College to stop using its
printing service provider, Papercut. The College would likely receive considerable
pushback for this change. We recommend that academic departments cresas fmli
ensure that the cost of printing would not create a financial burden that prohibited
students from academic engagement. Additionally, we suggest academic departments
maintain accessible libraries of all course readings in physical copies anel@ctnonic
copies. Electronic copies should be offered in a format that allows students to annotate
the readings.

Medium Priority

We recommend that AVI Fresh cease purchasing beverages packaged in plastic
bottles for sale at retail locations on campéipolssible, we suggest purchasing the same
products with aluminum packaging, which can be recycled without loss of material
quality. If that is not possible, we recommend that AVI Fresh purchase similar products
with aluminum packaging. This action doed impose significant changes in cost. We
recommend that the College make these stock changes at the beginning of a semester to
lessen impact of change felt by consumers.

We recommend that the College install filtered water dispensers in every building
on campus and publicize both the location of the dispensers and the fact that they have
filters installed. We recommend this action be taken in step with removing plastic water
bottles from retail locations on campus.

We recommend that the College build am\pous efforts and cease purchasing
bottled beverages for events. At camyide events such as the Tanner and Ruhlman
conferences, this could save the College over 2,750 bottles per event previously supplied
to each faculty member and student.

This acton would only require only minor purchasing changes and offer a reduction in
costs. We suggest the College provide emsyess refill stations and encourage
individuals to bring a cup or reusable bottle.

We recommend that academic departments cease punghsingleuse paper
cups for use in their offices. We suggest that departments maintain collections of
departmenbwned, communal mugs and cups or require students and faculty to provide
their own. This action would require only minor purchasing chaagdsffer a reduction
in costs.
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Low Priority

We recommend that academic departments cease purchasingusiegteffee
pods, commonly referred to as®ups and used in Keurig coffee machines, and replace
them with reusable ones.-Bups are made of nenecyclable plastic. There are plastic
cups available for purchase, which are the proper size for a Keurig and are reusable and
dishwasher safe. The lid of the cup opens and can be filled with coffee grounds. This
reusable alternative allows users to malestibverage they prefer while reducing waste.
This action would require only minor purchasing changes and likely not affect costs,
although it would reduce the convenience of using the Keurigs.

We recommend that the College implement an informational agmpa inform
students to purchase alcohol and other beverages in aluminum packaging rather than
glass bottles. At a cost of $125 per ton, glass is currently the most expensive recycling
stream at the Wellesley Recycling and Disposal Facility, and matimg glame beverages
(beer, cider, soda, hard alcohol) can be purchased in a material that is cheaper for the
college to recycle such as plastic or aluminum. Though student purchasing behavior may
be more difficult to alter, this information can be easilgomporated into first year
orientation material. This action would require little structural change although it could
incur some costs.
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6. Ideal Recycling Setup
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Four Stream Collection

The ideal recycling setup for Wellesley College includes forgasts: plastic, paper,
glass and metal. These four streams will have specialized lids to encourage accuracy in
recycling. From our specialized bins experiment, we found that color coding bins with
specialized lids and labels yielded an increase in regyctite and a decrease in incorrect
recycling. In our experiment, we only divided recycling into three streams (See: Section 3.2,
Figure 3.2.2). We suggest the addition of glass and metal streams because there are different
charges for metal and glass i ttecycling facilities, and separating them beforehand allows the
College to save money. Our interviews with custodial staff indicate that the addition of two
streams campuside will not greatly affect the amount of work custodians do, and that some
custalial staff favor this system because it improves recycling accuracy.

While the paper stream will officially be mixed paper and cardboard, we recommend the
separation of large cardboard (such as that from packages) to be broken down and placed behind
trashirecycling bins. This separation is already practiced by parts of campus that frequently
receive cardboard packages as well as many students per recommendation of custodial staff.
Custodians expressed the value of separating bulk cardboard from pap=sretat puickfilling
of paper recycling bins and the subsequent improper recycling of paper when the bins are too
full. Moreover, by separating paper and cardboard, the College would receive three times as
much revenue per ton than that generated by subgitie two streams as mixed (a difference
of $15 rather than $5 per ton).

()

Figure 6.1: Proposed four stream systemiThe recycling is divided into three streams (Glass
and Aluminum, Plastic and Paper). The bins are also located right next to therigash bi

Bin Location

Each trash bin inside a building on campus should have four streams of recycling bins
located next to it, as this will improve consistency across campus. We recommend that recycling
bins be located next to trash bins so that someone svpoing to throw something away thinks
twice about whether that item can be recycled instead. This will also decrease the likelihood that
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students are unable to find a recycling bins, which the motivation survey identified as a problem,
since the bins wilbe next to the trash can.

Consistency

We recommend consistency across campus, and we propose that the trash cans be
consistent throughout the College and the color of each recycling stream be as well. This
consistency will make it simple and allow foudents, faculty and staff to associate a color with
the stream it is being recycled. We want to make this process as easy as possible. By
implementing uniform sets of specialized bins, eventually the Wellesley Community will learn
which color stands for wbh stream.

Informational Signage

To further increase the accuracy in recycling we recommend educational signage to be
placed on top of each bin, as prepared in Appendix A: Proposed Signage. This signage will give
people more knowledge on and confidencenvhat can and cannot be recycled. This signage
should include mention of the noacyclability of things like pizza boxes that people frequently
incorrectly recycle. We also recommend increa
Waste Disposal Gude where you can find out mor e abou
availability of this website should be listed on signage above recycling bins. Additionally, during
orientation week, we suggest that when students receive their water bottles, itislae avi
educational brochure with all the items that can be recycled and which bins they belong to. We
hope to teach firsgear students about the importance of recycling from the very beginning so
they can then change their behaviors accordingly.

Finally, in the floor plan map that is placed in each residential and academic building,
which denotes bathroom locations and room numbers, we recommend the addition of a recycling
symbol to signify where a recycling bin is located in that building floor (SeeeAdix B) This
will hopefully allow people to find recycling bins easier, and as a result, increase recycling on
campus.
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Conclusion

The Col | eg e ésseantreaycling syistadnavhich kollects mixed paper and
cardboard in one stream, and comneadgin the othey may no longer be feasibly sustainable.
The effects of Chinadés July 2017 ban on certa
number of waste facilities that accept commingled recycling. Increased separation of recycling
streamsawill not only expand the number of facilities to which the College may send recycling,
but it will also generate revenue if the College sends recycling to the RDF.

After performing extensive research, review of the academic literature, implementing
numeous experiments, and comprehensive analyses, we found that standaréizingtaeam
recycling system across campus coupled wiinformational signage will most improve
recycling practices. To maximize revenue and decrease the greenhouse gas emsssi@teas
with transportation, we also recommend that Wellesley College resumes sendetgdtables
to the Town of Wellesley RDF

The four streams of this system would include mixed paper and cardboard, mixed
plastics, metals, and glass. Additionally,the system standardizesparating paper and
cardboard into two separate streathss is already done in parts of campus that frequently
receive cardboard packageand sends it to the RDF, the College would receive three times as
much revenue per ton thamould be generated by submitting the two streams as mixed (a
difference of $15 rather than $5 per ton). Mixed plastics would generate neither revenue nor
costs. Glass, on the other hand, costs $125 per ton to recycle. We recorethesidg the
amount of glasswaste on campus by replacing glass products with cans at retail locations, and
encouraging students to do the same.

Our approach to improving recycling on campus is fundamentally based on converting
recycling infrastructure into a form that promptsiinduals to separate waste accurately and
intuitively. Experimentation illustrated that efforts to involve students in active pledging to
recycle or posting messaging to encourage recycling were neither successful nor sustainable. A
survey of students, fatty, and staff demonstrated that the most common reasons for why people
do not recycle are rooted in infrastructure and information. Namely, people on campus expressed
not being able to locate recycling bins, not knowing if items were recyclable, agohgatirty
recyclables as major impediments to recycling.

Of the infrastructural changes with which we experimented, specialized bins with
informational signage improved rates of recycling most significantly. Sstgéam recycling
did not improve recyalig and may have contributed to increases in incorrect recycling. This
pattern further supports the anticipated success of ssfoeam system, which may increase both
yield and accuracy. Discussions with custodial staff garnered further support fautkssréam
recycling model. Custodians commented on the benefits of separating bulky cardboard from
paper to prevent rapid filling of paper recycling bags, separating recyclables with redemption
values that custodians in turn deposit, and improving rewy@iccuracy with specialized bins
reducing the amount of sorting by custodians.

While upfront costs associated with installing standardized-dtvaam bins across
campus must be considered, the yield, accuracy, and subsequent revenue will likely of§set ma
of these costs inthe longere r m. Wi t h  We | lyaaisconamytmeGtofl$806,@0@@es 1 0
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year to sustainability initiatives, a standardized fstneam recycling system with informational
signage should be implemented over time to improve regy@itross campus, moving our
community to a more sustainable future.
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Appendices

Appendix A: Proposed Signhage

Signs (five of thenfour streams & one trash)

Dirty food containers Snack Wrappers

Broken glass (bag
for safety)

Plastics #6, plastic straws, unnumbered plastic, napkins

Downloadhere
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https://drive.google.com/file/d/11dbbWXL3_ghe9TG6Hd4MQMnufoaF0VY2/view?usp=sharing

Aluminum and steel
cans

Clean Aluminum Foil and
Empty Aerosol Cans Trays

All metals

Downloadhere

Glass

For more info: https://www.wellesley.edu/facilities/sustainability/waste-disposal-guide

All white, green, and brown glass

Downloadhere.
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https://drive.google.com/file/d/1F9ydfTZSXUJiALtx8HnpipLLHQh0TUd2/view?usp=sharing
https://drive.google.com/file/d/1D_rDVlXG3y210DCgerPcXbkqF9zHOOzw/view?usp=sharing

Plastic

Soda bottles, milk jugs, laundry detergent,
shampoo bottles, margarine tubs, yogurt cups, etc

All plastics #1-5
Check bottom of container for plastic #

Downloadhere

Paper

For more info: https:/www.wellesley.edu/faciiities/sustainability/waste-disposal-guide

Clean Cardboard
(flattened behind
the paper bin)

e d
Newspaper and
magazines

Soft and hardcover
books

Spiral Notebooks
White and Colored Paper Faper Crocery Rags

Wire, clips, staples, and rubber bands do not need to be removed

No paper towels, pizza boxes, napkins,
tissues, food

Downloadhere
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Handout on recycling (in firsyear water bottles)

‘Q P Recycling: What & Where "'

Paper & Cardboard: Co-mingled: Lightbulbs
hat's recyclable? What's recyclable? Bulbs can be dropped at the

white & colored paper plastics #1-5 following locations. Compact

loose leaf all glass fluorescent bulbs are known

newspapers all metals as CFLs.

magazines empty aerosol cans

cardboard (flattened) clean aluminum foil/trays res hall bell's desks

paper grocery bags aluminum & steel cans Knapp Media Center (CFL only)

clean pizza boxes Sage Hall Foyer (CFL only)

receipts

Did you know? ALWAYS rinse
soft and hardcover books o 1

priortorecy g

legal pads &
et Batteries
particleboard Drop off batteries at the
clean milk & juice cartons following locations:
Res hall bells' desks
Usedpapertowels, Plastic B ags Physical Plant 1st Floor
tissues, napkins, & Bags can be dropped off on Knapp Media Center
dining hall cups are Lulu 2nd floor, the Science Sage Hall Foyer (Obs Entrance)
notrecyclable. Center loading dock, and Green Art Dept. Main Office (Jewett)
Hall 2nd floor. Tradeshops Building
Did you know? Staples, wire
spirals, paper clips, and rubber
bands don't need to be . . Unsure if something can be recycled? Look it up at
din paper recycling @ https://www.wellesley.edu/facilities/sustainability/waste
-disposal-guide

Downloadhere
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Appendix B: Current Wellesley Campus Recycling Map

Locations of recycling bin sefsor mo st buil dings on campus ar ¢
without recycling bins or not accurately mapped are noted.

Academic buildings

Figure B.1.1: Science Center 1st Floor Recycling Bin Locations.
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Figure B.1.2: Science Center 1st Floor Recling Bin Locations.
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Figure B.1.3: Science Center 2nd Floor Recycling Bin Locations.

135



Figure B.1.4: Science Center 3rd Floor Recycling Bin Locations.
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Figure B.1.5: Science Center 4th Floor Recycling Bin Locations.

137



Figure B.1.6: Science Center 5tlirloor Recycling Bin Locations.
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Figure B.2.1: Founders Ground Floor Recycling Bin Locations.
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Figure B.2.2: Founders Hall 1st Floor Recycling Bin Locations.
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Figure B.2.3: Founders Hall 2nd Floor Recycling Bin Locations.
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Figure B.2.4: Founders Hall 3d Floor Recycling Bin Locations.
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STAIR 2
R

Wellesley College
Clapp Library

First Floor Plan

VISITOR INFORMATION
6/20/2006

Figure B.3.1: Clapp Library 1st Floor Recycling Bin Locations.
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Wellesley College
Clapp Library

Second Floor Plan
Figure B.3.2: Clapp Library 2nd Floor Recycling Bin Locations.

Wellesley College

Clapp Library
Third Floor Plan

VISITOR INFORMATION

Figure B.3.3: Clapp Library 3rd Floor Recycling Bin Locations.
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Wellesley College
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Foantlson Pl

Figure B.3.4: Clapp Library 4th Floor Recycling Bin Locations.

Figure B.4.1: Jewett Arts Center 1st Floor Recycling Bins.
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Figure B.4.2: Jewett Arts Center 2nd Floor Recycling Bins.
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Figure B.4.3: Javett Arts Center 3rd Floor Recycling Bins.
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Figure B.4.4: Jewett Arts Center 4th Floor Recycling Bins.
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Figure B.5.1: Pendleton Hall 1st Floor Recycling Bind_ocations not noted in Pendleton Hall
West in current and subsequent figures due to recentatons not reflected in available floor

plans.

Figure B.5.2: Pendleton Hall 2nd first floor recycling bins.
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Figure B.7C: Pendleton Hall 3rd first floor recycling bins.

Figure B.7D: Pendleton Hall 4th first floor recycling bins.
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Figure B.1.1: Beebe Hall 1st Floor Recycling Bin Locations.
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Figure B.1.2: Beebe Hall 2nd Floor Recycling Bin Locations.
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Figure B.1.3: Beebe Hall 3rd Floor Recycling Bin Locations.
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Figure B.6.4: Beebe Hall 4th Floor Recycling Bin Locations.
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Figure B.6.5: Beebe Hall 5th Floor Recycling Bin Locations.

155



EEEEL, Wil
I,

S — -

_l_ :;.n'.-bi_l ! ':l Ce-2 _L‘
J [ ) l .‘I/--(ﬂd_) T
o \ — S0
=, | Ly’ o
R & N B
R s e fla]
-0 (-

I (e n) L B0 b

I P uom,—\l = ﬁg::‘: I
e [
= [

T L=
K-, 0 1

Il &= =1

. % Rleiae: ||

Figure B.7.1: Pomeroy Hall 1st Floor Recycling Bin Locations.
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Figure B.7.2: Pomeroy Hall 2nd Floor Recycling Bin Locations.
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Figure B.7.3: Pomeroy Hall 3rd Floor Recycling Bin Locations.
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Figure B.7.4: Pomeroy Hall 4th Floor Recycling Bin Locations.
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Figure B.7.5: Pomeroy Hall 5th Floor Recycling Bin Locations.
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Figure B.8.1: Shafer Hall 1st Floor Recycling Bin Locations.
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Figure B.8.2: Shafer Hall 2nd Floor Recycling Bin Locations.
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Figure B.8.3: Shafer Hall 4th Floor Recycling Bin Locations.
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