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This study evaluated seven different waste management strategies for venue-based events and character-
ized the impacts of event waste management via waste audits and the Waste Reduction Model (WARM).
The seven waste management scenarios included traditional waste handling methods (e.g. recycle and
landfill) and management of the waste stream via composting, including purchasing where only compo-
stable food service items were used during the events.

Waste audits were conducted at four Arizona State University (ASU) baseball games, including a three
game series. The findings demonstrate a tradeoff among CO2 equivalent emissions, energy use, and land-
fill diversion rates. Of the seven waste management scenarios assessed, the recycling scenarios provide
the greatest reductions in CO2 eq. emissions and energy use because of the retention of high value mate-
rials but are compounded by the difficulty in managing a two or three bin collection system. The compost
only scenario achieves complete landfill diversion but does not perform as well with respect to CO2 eq.
emissions or energy.

The three game series was used to test the impact of staffed bins on contamination rates; the first game
served as a baseline, the second game employed staffed bins, and the third game had non staffed bins to
determine the effect of staffing on contamination rates. Contamination rates in both the recycling and
compost bins were tracked throughout the series. Contamination rates were reduced from 34% in the first
game to 11% on the second night (with the staffed bins) and 23% contamination rates at the third game.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Venue-based events are a major part of Americans’ lifestyles and
often include food and drink services which generate a significant
amount of waste. There were over 125 million people who attended
NBA, NHL, MLB, and NFL games in the 2013 seasons (ESPN,
2014a,2014b,2014c,2014d) while domestic movie theater atten-
dance exceeded 1.3 billion in 2013 (Nash Information Services
LLC, 2014). These figures do not include non-professional sporting
events, festivals, fairs, concerts, and other theaters all of which
are venue-based events. The food and drink services provided by
all of these venues represent a large amount of disposable products
which must enter the waste stream. As institutions shift toward
more environmentally friendly operations and aim for zero waste
facilities, compostable products and alternative material pathways
like composting and recycling become more attractive. These
options can complicate decision making as facility managers must
consider factors including source material selection, employee
training, public awareness, simplicity of collection, and environ-
mental tradeoffs for different approaches to waste management.

Sporting events and other venue based activities have increas-
ingly become a focus for environmental improvement through sus-
tainability initiatives. The environmental assessment of major
sporting events, such as the Olympics and international champion-
ships, has become an important factor in determining where and
how these events are hosted (Collins and Flynn, 2008; Collins
et al., 2009). Sustainability efforts at sporting events in North
America have been spearheaded by the Natural Resources Defense
Council (NRDC) and the Green Sports Alliance who view waste
management as one of the key areas of focus for improvement of
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environmental performance (Hershkowitz et al., 2012). Waste
management has also been highlighted as a major operational
focus for event managers looking to incorporate more sustainable
practices. Not only can managers ensure the impacts of events
are lessened but that ‘‘the event itself can be used to promote a
green message’’ (Laing and Frost, 2010). This suggests that events
may serve as a model of public waste disposal in the same way that
behavioral models function, altering the way people behave collec-
tively. Similar efforts aimed at waste reduction have been evalu-
ated for airports and air travel, which is functionally similar to
venue based events because of the captive audience and the con-
trol over what types of materials enter the waste stream
(Coggins, 1994; Li et al., 2003; Pitt and Smith, 2003).

This research seeks to address public waste generation at venue
based events through a two-pronged approach, (1) evaluate total
waste generation from venues to model alterative handling scenar-
ios and (2) evaluate different methods to reduce contamination in
recycling and compost. Modeling was conducted using USEPA’s
Waste Reduction Model (WARM), which is designed to assess
greenhouse gas emissions and energy impacts related to material
types and waste management practices (USEPA, 2013b). WARM
was developed to help waste planners model impacts by selecting
material inputs and providing model parameters which include
transportation distances and landfill conditions (e.g. methane cap-
ture efficiency and landfill moisture content). WARM enables sce-
nario development to create comparisons between differing
approaches to waste treatment and the subsequent impacts.

The two-pronged approach focuses on the evaluation of waste
scenarios that incorporate more compostable products and the
public’s ability to adjust to new methods of collection through a
case study at Arizona State University’s (ASU) Packard Stadium at
the Tempe, Arizona campus where collegiate baseball games are
played. ASU’s goal is to become a ‘‘zero waste institution’’ produc-
ing no landfill wastes, which corresponds to a larger regional effort
by the City of Phoenix to achieve a 40% reduction in landfill wastes
by the year 2020 (ASU, 2014; Phoenix, 2013; Reid, 2013).

Waste handling is an actively changing system with the intro-
duction of new types of waste and new approaches to waste man-
agement that can alter impacts on a broad scale. Biodegradable and
compostable plastics that meet the ASTM and ISO standards
(ASTM, 2003a,2003b,2004; ISO), such as polylactic acid (PLA),
may prove to be useful in reducing landfill wastes but the com-
posting for these materials needs to happen at an industrial facil-
ity. The requirements for the degradation of these products
requires sustained temperatures and biological activity that are
difficult to reproduce in home composting systems (Song et al.,
2009). Additionally, PLA, the most common compostable biopoly-
mer in the US, can be recycled but the current quantity and flow
of the material is not significant enough to be financially compet-
itive with landfill disposal (Song et al., 2009). Cradle-to-gate life
cycle environmental impacts of biopolymers are similar to tradi-
tional petroleum based plastics; however, end of life has not been
well studied. The few life cycle assessments of biopolymers which
include waste management, use generic scenarios based on tradi-
tional plastics, with even fewer assessments including composting
as an option despite the fact that recycling is not viable and com-
posting as a waste management option is one of the main benefits
of these products (Hottle et al., 2013). Disposal is a key area of
inquiry as it is a large source of uncertainty and is largely unex-
plored for these products.

Consumer involvement in waste systems dictates how materi-
als enter the different waste streams. This is true for residential
and commercial waste handling and public collection. The social
components of waste management are complex, including factors
like convenience, perceived efficacy, consumer awareness, out-
reach, and participation; ultimately resulting in patterns of
consumer behavior. Behavior change is a central factor, necessary
for shifting to more sustainable waste management but there is a
lack of research with regards to behavior change interventions
(Zhang et al., 2011). Sussman and Gifford (2013) and Sussman
et al. (2013) found that prompts, such as signage, and people mod-
eling how to sort compost in public settings have a significant
influence on the behavior of the people around them. Additionally,
they found that the positive behavior changes persisted even after
the behavior models were removed from the research setting.
These studies, which have investigated behavior, inform the devel-
opment of new waste collection strategies in public venues and
highlight the benefits of an approach that incorporates techniques
to encourage positive behavior change through social dynamics
and traditional outreach.
2. Methods

The methods are divided into three specific areas that were
integral to this research. The first section, raw data collection,
describes the process of conducting the waste audits including
weighing, sorting, and determining the mix of materials in the
waste stream. The second section, modeling and scenario analysis,
describes the parameters used for the WARM tool and the seven
scenarios that were modeled for the assessment. The final section,
waste disposal behavior at public events, describes the use of sign-
age and volunteers to aid in material identification that were used
throughout the four games so that behavioral factors could be
assessed.

Through a partnership with ASU Athletics and University Sus-
tainability Practices (USP) waste audits were conducted at four
university baseball games. Events like the ASU baseball games pro-
vide an opportunity to run large experiments with reasonable con-
trol since most of the waste materials being handled are generated
within the game and are limited to products that vendors offer.
This research tracked the efficacy for different methods of waste
collection that have been implemented at the games as well as
determining the quantity and composition of the waste. ASU’s
Packard Stadium has over 3000 grandstand seats and can accom-
modate over 7800 attendees, with an average attendance of 2809
per game in 2013 (Cutler, 2013).

As a part of ASU’s zero waste effort, Packard Stadium has moved
to a two bin collection system offering receptacles for composting
and recycling only. The bins are colored to help distinguish the two
material streams, blue for recycling and green for composting
(Fig. 1). In addition to the bin color, ASU has attached signs to
the front of each bin which labeled and described which materials
belong in each bin. The composting signs listed food, liquid, nap-
kins, plates & cups, and compostable spoons & forks. The recycling
signs listed paper, plastic, aluminum, glass, and cardboard. Using
EPA’s WARM (USEPA, 2013b) this research explored the dynamics
between different management scenarios, carbon emissions, and
energy use.

Data collection occurred over a span of four baseball games at
Packard Stadium, three of which were in a consecutive weekend
series. Fig. 2 charts raw data collection and the subsequent analy-
ses of this research which addresses two separate areas of inquiry:
(1) Characterization of game-day wastes (quantification and cate-
gorization) and the assessment of different management scenarios
using WARM and, (2) The public’s ability to adjust to new methods
of material collection at venue-based events.

2.1. Raw data collection

Materials from the compost and recycling bins were weighed
for each of the four games. At the games, attendees were required



Fig. 1. Compost and recycling containers being staffed by a volunteer bin guard at
ASU’s Packard Stadium.
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to discard all waste from outside of the stadium before entering the
venue, so nearly all of the bin materials in the stadium originated
from vendors in the stadium. The bin materials were collected and
weighed when full bags were removed during the game and at the
end of the game when the bins were no longer in use. The material
Fig. 2. Data collection from waste audits at four baseball games. The flow diagram depic
the consecutive series.
was weighed using a CPWplus L Floor Scale with a capacity of 75 kg
and accurate to 20 g. The goal for the audit was to collect at least
50% of the waste generated at the games. The audits were success-
ful, achieving an average of 66% of the bin waste from each game
was collected, sorted, and weighed. The materials were sorted by
hand, classified as either compostable or recyclable, and compared
with the bin type in which it was found to determine the efficacy of
the collection strategy. Data collection then followed a step by step
process to record weights, contamination rates, and material types.

The initial weight of each sampled bag was recorded followed
by a sorting process to remove any contamination. An average
bag weight was used to calculate an estimated mass for the
unsorted bags from each game. After sorting, both the non-con-
taminated material and the contaminating materials were
reweighed. Some products like polystyrene, plastic films, and foils
(i.e. chip bags), which foul both the material streams, were catego-
rized as contamination regardless of where they were placed. The
composition, or the percentages of which types of materials make
up the items in the bins, was estimated and recorded one bag at a
time with the assistance of an ASU Recycling Technician. Estima-
tion was used to determine composition in order to reduce sort
time (three measurements of mass per bag as opposed to eleven)
and because direct measurements of mass would have been con-
founded by food waste contamination which tended to stick to
some materials (paper and cardboard) more than it would to oth-
ers (plastic and polystyrene). The waste compositions included
eight categories of managed waste which correspond to the WARM
tool; aluminum, high density polyethylene (HDPE), polyethylene
terephthalate (PET), polypropylene (PP), corrugated containers,
newspaper, mixed paper, and mixed organics.

2.2. Modeling and scenario analysis

The data for the mass of material generated at each game was
used to estimate total material generation numbers for the games
and the full season. The average waste generation of a baseball
game at Packard Stadium was calculated by extrapolating the total
material generation for each game then averaging the totals. This
average was then multiplied by the games played in the stadium
ts quantitative data collection and modeling as well as the qualitative analysis from
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over the 2013 season, giving an estimate of total generation for a
season. A ninety-five percent confidence interval was determined
for game data and the season total to determine the uncertainty
involved in the calculation of the data. Total seasonal generation
was used along with the composition data (percent of each waste
type) for the assessment of different handling scenarios to annual-
ize the impacts for comparison purposes.

USEPA’s WARM was used to calculate CO2 equivalent emissions
and energy use that result from different waste management strat-
egies. The energy calculations in WARM are limited to transporta-
tion, direct use, and generation. The model is designed to compare
baseline strategies to alternative approaches and calculates emis-
sions accordingly. The results from WARM, which was designed
to help inform decision making on the municipal scale, are the
total impacts calculated and not the difference between a baseline
scenario and an alternative. The model assumes the end of life
treatment inputs represent the end of life treatment impacts
excluding the possibility of some materials being rerouted to other
methods of treatment.

All of the inputs for WARM were selected based on correspon-
dence with ASU’s waste service provider (McLaren, 2013). The pre-
set Arizona electricity mix and current mix for source reduction
were used. The following inputs were selected to represent the
Butterfield Station Landfill, located in Mobile, Arizona, southwest
of Phoenix; the landfill is considered dry (which means organics
do not degrade as quickly and generate less methane overtime)
and has gas recovery systems that fall under the ‘‘typical opera-
tion’’ category for WARM. The methane gas is flared at Butterfield
to meet regulatory compliance and all landfill scenarios included
flared gas in the modeling. Transportation distances were esti-
mated using Google Maps to represent the transport of waste to
the tipping floor (where collection trucks are dumped and a deci-
sion is made determining the final destination for that waste)
and the subsequent management sites (Google 2014). The dis-
tances are: landfill – 45 miles, recycling – 41 miles, and compost-
ing – 35 miles. Incineration, the combustion of wastes, is not part
of the local waste management regime and was not used in the
model.

A scenario analysis was conducted to assess the variability asso-
ciated with the model parameters. Each scenario described in the
next paragraph and Table 1 was also analyzed using WARM inputs
for national averages of gas recovery landfills which flare their gas.
Additionally, the default WARM distance for management sites of
20 miles was used. This comparison highlights the categories that
are most influenced by a change in the model parameters empha-
Table 1
Waste management scenarios by percent mass. The first three scen
subsequent scenarios investigate methods of altering the material

1 2 3

Material Type Landfill Only Landfill/ Recycle Compost/ 
Recycle

Alumin
PLA 

Aluminum Cans 2.7% 2.7% 2.7% 2
HDPE 8.1% 8.1% 8.1%
PET 21.6% 21.6% 21.6% 21
PP 10.8% 10.8% 10.8%
Corrugated Containers 2.7% 2.7% 2.7%
Newspaper 2.7% 2.7% 2.7%
Mixed Paper 5.4% 5.4% 5.4%
Mixed Organics 46.0% 46.0% 46.0% 56
PLA 18

landfill recycle com

Seven Scenarios for Waste M
sizing the need for attention to accuracy within models and the
importance of decision making in the real-world.

The seven scenarios were developed with USP and the ASU
Recycling Technicians to represent realistic options for waste han-
dling. The treatment methods are associated with tradeoffs beyond
the impacts measured within the model and are the topic of debate
within USP and among the Recycling Technicians. While a single
stream system (e.g. an all compostable waste stream) simplifies
collection and achieves high rates of landfill diversion, mixed
stream systems including recycling provides economic return for
the university but increases the amount of waste sorting required.
The scenarios described below represent three options for waste
mixes and possible treatment options across the three different
mixes, resulting in seven scenarios.

The seven scenarios for managing waste were explored using
the WARM model (Table 1). They included management
approaches for the current waste mix and two alternative mixes
that substitute a varying amount of PLA for plastics and metals.
The first three scenarios, (1) landfill only, (2) landfill/recycle, and
(3) compost/recycle, were options for the management of the cur-
rent waste composition at Packard. Scenario 1 and 2 are typical
approaches to waste handling while Scenario 3 represented the
actual approach to waste management at Packard Stadium.

The next two scenarios, (4) aluminum, PET, PLA landfill and (5)
aluminum/PET recycle, PLA compost, explored the possible substitu-
tion of all non-compostable materials with PLA except for PET and
aluminum, which are commonly recycled products (USEPA, 2010).
The substitution of PLA assumed 100% substitution by mass. The
mixed organics waste was not altered. Scenario 4 served as a land-
fill scenario and Scenario 5 described a compost and recycling
approach.

The final two scenarios, (6) PLA/organics landfill and (7) PLA/
organics compost, explored the possibility of shifting to a single
stream waste handling approach in which all materials are compo-
stable. Scenario 6 modeled a landfill approach to this organics only
waste stream, while 7 looked at the possibility of all the materials
being composted. In these scenarios PLA replaced plastics and alu-
minum while paper and cardboard were shifted into the mixed
organics category. These scenarios were created to test a single
stream approach while still achieving a 100% diversion rate. WARM
does not account for composting as a waste management approach
for paper or cardboard, but the EPA recommended using the mixed
organics category for this modeling (USEPA, 2013a). All the other
compostable materials have specific categories for composting in
WARM. The inclusion of a landfill scenario for the primary mix
arios represent the current waste mix, which has no PLA. The
s in the waste stream for improved performance.

4 5 6 7

um, PET, 
Landfill

Aluminum/ PET 
Recycle, PLA 

Compost

PLA/ Organics 
Landfill

PLA/ Organics 
Compost

.7% 2.7%

.6% 21.6%

.8% 56.8% 56.8% 56.8%

.9% 18.9% 43.2% 43.2%

post

anagement



Table 2
Waste audit data for four games. Waste audit collection data from four ASU baseball
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and the two alterative mixes provides a comparison for materials
that may not end up at the expected end of life treatment.
games at Packard Stadium. Collected bin material only represents the bin materials
that were sampled and weighed at each game, which accounts for 66% of total waste.
Extrapolated total bin material was calculated by applying the average bag mass to the
uncollected bags for each game and totaling that figure with collected bin material.

4-May-13 17-May-13 18-May-13 19-May-13 All Games
Total (kg) 54.00 35.94 51.52 40.32 181.78
Recycle % 44% 55% 59% 60% 54%
Compost % 56% 45% 41% 40% 46%

4-May-13 17-May-13 18-May-13 19-May-13 All Games
Total (kg) 23.78 19.66 30.46 24.10 98.00
Correct (kg) 20.16 14.06 26.14 18.70 79.06
Incorrect (kg) 3.62 5.60 4.32 5.40 18.94
Contamination 15% 28% 14% 22% 19%

4-May-13 17-May-13 18-May-13 19-May-13 All Games
Total (kg) 30.22 16.28 21.06 16.22 83.78
Correct (kg) 28.72 9.84 19.56 12.56 70.68
Incorrect (kg) 1.50 6.44 1.50 3.66 13.10
Contamination 5% 40% 7% 23% 16%

4-May-13 17-May-13 18-May-13 19-May-13 Averages
Material (kg) 77.14 59.90 90.16 51.80 69.75
Attendance 3052 3198 3260 1500 2753
Per capita (g) 25.28 18.73 27.66 34.53 25.34

Waste Generation at Four Games

Shading indicates bin guards were used

Collected Bin Material

Recycle

Compost

Extrapolated Total Bin Material and Attendance

Shading indicates bin guards were used.
2.3. Waste disposal behavior at public events

In addition to modeling impacts from waste handling, this
research sought to investigate the behavior of composting in public
venues by exploring people’s understanding of and willingness to
segregate material types for some perceived environmental bene-
fits. Behavior herein is defined as the collective attitude and actions
of people attending the ballgames toward waste disposal. The abil-
ity and willingness of attendees to change disposal habits was
gauged through both quantitative and qualitative assessments of
behavior.

Two approaches were developed by ASU’s USP office for helping
consumers identify in which bin to put their wastes were used to
determine efficacy of the different approaches. The first was sign-
age on the recycling and composting bins that describe what mate-
rial types are appropriate to put in each bin. The second approach
uses volunteer ‘‘bin guards’’ who received ten minutes of training
prior to each game. Bin guards stood next to each waste station
and aided ballpark visitors with their decision making when they
had waste to throw away (see a bin guard at Packard Stadium in
Fig. 1). Each volunteer had a lanyard with a card to help them iden-
tify what types of materials go into each bin. Bin guards were
instructed to put all inherently contaminating materials (e.g. poly-
styrene, plastic films, and foils) into the recycling bins because the
recycling system is less sensitive to contamination than the com-
posting system.

The three game series between ASU and the University of Ari-
zona was used to evaluate changing consumer behavior with edu-
cation and outreach efforts (Fig. 2). The first game in the series,
May 17, 2013, served as a control with signs on the bins only.
The second game, May 18, 2013, tested whether there was
increased efficacy of collection (i.e. decreased contamination)
when volunteer bin guards served by assisting patrons with sort-
ing. And, finally, the third game, May 19, 2013, returned to a sign
only approach to determine if game attendees’ behavior had
altered in response to their previous experiences that weekend. A
learning period could only have occurred if the same audience
(or some of it) returned to each game so attendance figures were
tracked for each game. These metrics also included the number
of season ticket holders and ticket sales for people attending more
than one game, however, there was no way to confirm the tickets
were used by the same individual for each game.
3. Results

3.1. Raw data collection

The baseball game waste audits collected more than 180 kg of
material produced over four games. This was an average collection
rate of 66% for each game; the remaining bags were counted so
total game wastes could be calculated. Table 2 presents the waste
audit data that was collected at the games. First the total mass of
materials collected during each game is reported under the col-
lected bin material category. This is followed by a breakdown of
that data into two categories, wastes correctly placed and contam-
ination. The final section in Table 2 presents the estimated total
game wastes as well as recorded attendance data, which are both
used to calculate a per capita waste generation figure.

The uncertainty was evaluated by calculating confidence inter-
vals for the extrapolated game wastes for each game and the calcu-
lation of seasonal waste generation using the average total of the
four games. The confidence intervals for the total mass of each
game were ±4.24 kg (5.5%), ±4.99 kg (8.3%), ±10.49 kg (11.6%),
and ±2.72 kg (5.2%) respectively. The confidence interval for the
game average that was used to calculate the season total
was ±16.88 kg (24.2% of the calculated average). The uncertainty
regarding the total seasonal waste generation is quite high, how-
ever, the composition of material types was assessed across all
games by a Recycling Technician for each disposable product cate-
gory resulting in material ratios that are consistent across each sce-
nario. Since the impacts increase in direct proportionality to the
wastes produced, any increase or decrease in the amount of sea-
sonal waste does not result in different relative impacts between
the scenarios.

To determine material composition, the types of contamination
were also evaluated. Some contamination (7.6 kg, 24% of contami-
nation) was a result of products such as films, foils, and polysty-
rene which do not belong in either compost or recycle but are
still part of the vendors’ offered products. However, the majority
of contamination (24.4 kg, 76% of contamination) was the result
of recyclables in the compost or vice versa. This indicates that
improved collection methods or a more developed understanding
of composting and recycling could lead to decreased contamina-
tion improving the overall diversion rate of material generated at
events.

3.2. Scenario analysis using WARM

Fig. 3 presents the WARM findings for CO2 equivalent emissions
of the seven scenarios for the materials that are generated at Pack-
ard Stadium over one season. WARM does not include a complete
life cycle assessment of products or waste handling; it accounts for
CO2, CH4, N2O, and perfluorocarbons emissions resulting from end
of life, waste transportation, and offsets to future production of
recycled materials which are reported as CO2 equivalent emissions



Fig. 3. Scenario results of CO2 equivalent emissions in metric tons by waste type using WARM for one season of waste generated at ASU’s Packard Stadium.
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(USEPA, 2013b). The benefits of recycling are seen in Scenarios 2, 3,
and 5 where refined products are retained for use in future prod-
ucts, offsetting the emissions associated with processing virgin
materials. The PLA landfill Scenarios (4 & 6) result in greater emis-
sion reductions when compared to composting (5 & 7) because the
WARM model assumes PLA does not breakdown under normal
landfill conditions (Kolstad et al., 2012; USEPA, 2013b), essentially
sequestering its carbon; however PLA releases CO2 when it is com-
posted. Despite the emissions from composted PLA, Scenario 5 out-
performs Scenario 4 due to the benefits of recycling aluminum and
PET. The organics only Scenarios (6 & 7) showed better perfor-
mance in the landfill than composting. This difference in perfor-
mance is due exclusively to the degradation of PLA in the
compost while it is assumed to sequester its carbon when in the
landfill. This assessment is limited to CO2 equivalent emissions
and does not account for benefits of creating a saleable soil amend-
ment, which should be the focus of additional research.

Fig. 4 presents the WARM findings for energy consumption of
the seven scenarios for the waste that is generated at Packard Sta-
dium over one season. Again there is a stark difference between the
recycling Scenarios (2, 3, & 5) and the others. The recycling scenar-
ios save energy and the non-recycling scenarios are net energy
consumers. While recycling, landfilling, and composting use
energy to process the waste material, recycling is the only
approach that takes advantage of the embedded energy in the
Fig. 4. Scenario results of energy consumption in thousand BTUs by waste type
products, offsetting production energy of virgin products. This
model does not balance the economics of different strategies or
the energetic benefits of compost when applied to land (i.e. reduc-
tion of fertilizer use or reduced land use change impacts).

The current approach for composting and recycling materials
(Scenario 3) coming out of Packard Stadium at ASU performs com-
paratively well in terms of CO2 equivalent emissions and energy
consumption, but these impacts are not all that needs to be consid-
ered; The contamination rates, especially for composting (an aver-
age of 15.6%) are too high for the waste handler to accept and will
be rejected at the tipping floor; the maximum contamination rate
is less than 1% (Wood, 2014). When contamination levels exceed
the waste handler defined limit, the compost is diverted to landfill.
The recycling stream can tolerate more variable materials and con-
tamination (up to 15%) because of the efficacy of sorting that is
accomplished by the material recovery facility, but food waste
fouling can be problematic for recyclables. While food waste foul-
ing may not result in diversion to landfill, it complicates the pro-
cessing at the material recovery facility requiring additional
cleaning and may reduce the value of the final products
(McLaren, 2013). Significant contamination in the compost and
recycling streams may result in diversion to landfill and results
in waste management Scenarios 2, 3, and 5 having an actual envi-
ronmental impact that looks like Scenario 1, landfill only. Thus,
reducing contamination in recycling and composting waste
using WARM for one season of waste generated at ASU’s Packard Stadium.
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streams is an important factor for successful waste management
diversion strategies.

The modeling using the national average data and default dis-
tances within WARM did not produce results very different from
the ASU scenarios with one notable exception. With methane being
flared in both the experimental and national average modeling, the
mixed organics in the landfill under the national average scenarios
results in 0.27 metric tons (Scenarios 1 & 2) and 0.33 metric tons of
CO2 equivalent emissions (Scenarios 4 & 6), an increase of 0.30 and
0.37 metric tons respectively when compared to the modeling spe-
cific to the Butterfield Station Landfill. This is due to increased deg-
radation of organic materials in landfills with higher moisture
levels. The consequences of methane generation could result in
two very different outcomes. Methane can be captured and burned
for energy, providing additional value from the waste and reduced
energy use. On the other hand, both methane and the CO2 that
results from burning the landfill gas (for energy or flaring to meet
compliance) are greenhouse gases. Other regions that receive more
rain or are characterized by distributed, rural sources of waste have
different impacts resulting from methane and transportation that
will alter the results and may suggest a different approach for sus-
tainable management of materials disposal.
3.3. Waste disposal behavior at public events

Despite the descriptive signage on the bins at the three game
series, the data shows an improvement in identification and proper
placement of materials when the bin guards were used during
Game 2. The Saturday night game had twelve volunteer bin guards,
each one assigned to a pair of bins, who covered all of the publicly
available bins. The bin guards helped attendees sort their compost
and recycling. Prior to the game the bin guards were trained by two
staff members. The training was completed in ten minutes and at
the end of the training the bin guards were given lanyards with
cards which explain which materials go in each bin, similar to
the signage on the bins.

Attendance data (Table 2) supplied by the athletics department
shows there are 1392 season ticket holders and 121 tickets pur-
chased prior to the series for two or three games out of the series
with University of Arizona. With an average attendance of 2653
per game, more than half of the baseball fans had tickets for at least
two of the three games. The attendance data and the different con-
tamination rates between Game 1 (33.5%) and Game 2 (11.3%) sug-
gests that the bin guards may have served as a successful
intervention that enabled visitors to learn about proper disposal
of venue materials. Contamination was reduced in unsupervised
waste bins (i.e. no bin guards helping visitors) from Game 1 to
Game 3 (22.5%) by 32.8%. This is especially encouraging for repeat-
ing events and venues that are continually providing reinforce-
ment for correct disposal behaviors. In addition, for one-time
events expected to generate large amounts of waste, bin guards
may be employed to help reduce contamination rates.
4. Discussion

The benefits of recycling stand out in both the CO2 equivalent
emissions and energy impacts (Figs. 3 and 4). However, recycling
cannot exist alone in a zero waste strategy since food waste makes
up a portion of the waste. While composting and recycling of the
current mix results in the best modeled performance, the rates of
contamination remained prohibitively high without manned bins,
and a zero waste policy would not be possible under these condi-
tions. Without significant efforts to increase outreach and public
awareness, through strategies in addition to the bin guards and
signage, it will be difficult for ASU to attain acceptable levels of
contamination for multi-bin systems at Packard Stadium. Even
with extensive levels of outreach, recyclables caked in food wastes
will foul either waste stream without postconsumer treatment.

Alternatively, simplifying the supply chain (and subsequently
the waste stream) by limiting recyclables and having all other
products compostable, like in Scenario 5 (aluminum/PET recycle,
PLA compost), may be more effective in reducing contamination.
This simplification approach reduces recyclables to PET and alumi-
num, the two materials providing the greatest benefits in both
energy and CO2 equivalent emissions (Figs. 3 and 4), while finding
compostable alternatives for all the other products. Thus the out-
reach effort (e.g. bin signage, bin guards, public announcements)
can focus on clear disposal instructions based on product function,
‘‘all beverage containers get recycled, everything else gets com-
posted.’’ Simplification can achieve relatively low CO2 equivalent
emissions and energy impacts as well as divert all the materials
generated from the landfill, thus achieving zero landfill waste.

Despite higher greenhouse gas and energy impacts relative to
traditional plastics that can be recycled, the use of biopolymers
alters the composition of the material streams which can help to
simplify management approaches. Compostable products provide
an alternative waste management strategy for organically fouled
materials, which are caked in food wastes. This makes it easier to
eliminate landfill wastes; biopolymers, which perform as well as
traditional plastics, can simply be composted along with food
wastes without concern about organic matter contamination. In
comparison, recyclable plastics that are contaminated with organic
matter are typically sorted out of recycling and enter the landfill.
This study of venue-based events suggests that the real benefits
of biopolymers may be a result of these indirect benefits to man-
agement and contamination that are not necessarily captured
within traditional modeling. Future research could evaluate the
consequential impacts resulting from the use of biopolymers and
the subsequent rates of organics that are diverted from landfills.
If the methane avoided from the landfill is significant enough it
may outweigh the additional impacts incurred from the use of bio-
polymers. If not, biopolymers may only be useful in landfill avoid-
ance through simplifying waste streams and provide few
environmental benefits. The modeling conducted for this research
represented the regional dynamics for the case study of Arizona
State University. Waste services are diverse and regionally depen-
dent with many variables, some of which are accounted for in the
WARM model. The Phoenix metropolitan area is an urban environ-
ment with an arid climate and nearby waste facilities offering
diverse services. The Arizona-centered modeling represents a dry
landfill which is not conducive for the breakdown of organics
and could serve as a lower limit for climate emissions from land-
fills. The scenario analysis using the national averages highlights
the potential for methane emissions from landfills that are more
conducive to the degradation of organics. Increased degradation
rates combined with uncertainty in capture efficiency and different
methane handling approaches (e.g. flaring and energy recovery)
may result in dramatically different impacts (Spokas et al., 2006).

From a facilities management perspective a single stream sys-
tem, in which there is only one bin, is much simpler with regards
to contamination, collection, and handling. Scenario 7, composta-
bles only, represents the only single stream system that also diverts
all materials from landfill. Zero landfill wastes achieved via use of
compostables requires a shift in management focus from the back-
end of waste management to supply chain procurement. All dispos-
able products must be compostable, a challenge in events which
requires that service providers and vendors conform to purchasing
standards. Such an approach also begs the question of who pays
for potential additional costs of using compostable only materials.

While achieving zero waste, energetic and emissions benefits of
recycling are lost in this single stream composting approach, which
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is clear in Figs. 3 and 4. By treating all materials the same, handlers
are unable to take advantage of the strategies that maximize envi-
ronmental goals for each type of material. Not analyzed in this
research is the price of the different management approaches for
the customer and the waste handler, which can dictate whether
or not any given approach is economically viable. Additionally,
the economics become even more important when valued prod-
ucts created from these materials like gas, energy, raw materials,
or compost are taken into account.

An additional factor when considering the ease of single stream
management versus a two stream system is consumer involve-
ment. If the facility or institution is most interested in reducing
its own landfill wastes a single stream may be best, but if the goal
is to engage people in sustainability initiatives and introduce new
norms there is an advantage to having consumers sort their wastes
even if it reduces efficiency at the facility. The benefits of strategies
like the use of bin guards may create new norms that will influence
people in their lives beyond the stadium walls which is supported
by previous literature on behavior modeling (Sussman and Gifford,
2013; Sussman et al., 2013; Zhang et al., 2011). Taking this into
account it may be better for one-time events to use single stream
management while repeat events, like baseball games, may be
more beneficial as a platform for education.

The modeling assumed that once materials enter their respec-
tive end of life stream (compost, landfill, or recycle) they are actu-
ally processed in that system. However, some compostable
materials like thermoplastic starch or PLA can be hard to distin-
guish from more common recyclable plastics. Biopolymer products
could end up at a recycling facility and be diverted to the landfill
or, worse yet, actually make it to the composting facility only to
be screened out with other plastics. Screening at compost facilities
may happen prior to the composting process to remove unwanted
materials or once the compost is finished, and in either of these sit-
uations if the biopolymers remain intact they will be removed
from the compost and discarded. These dynamics must be assessed
to gain a complete understanding of how recyclables and compo-
stables are moving through the compost and recycling streams.

The increasing focus on venue-based events can help improve
the environmental performance of sporting events, theaters, festi-
vals and other gatherings (Collins and Flynn, 2008; Collins et al.,
2009; Hershkowitz et al., 2012; Laing and Frost, 2010), which
may also provide insights into larger waste management trends.
Venues such as Packard Stadium allow for the exploration of differ-
ent aspects of sustainability and enable researchers and facility
personnel to experiment with new management approaches. In
addition to management scenarios, venues can control for the
types of materials that enter the system and work with service pro-
viders to develop contracts which specify new standards. Venues
can be a proving ground for improved environmental performance
for shared spaces.
5. Conclusions

The findings of this research demonstrate how waste materials
and end of life treatment have real tradeoffs for energy and climate
change emissions. In addition to the impacts calculated using
WARM, there are several management practices that achieve dif-
ferent objectives such as climate emissions reduction, landfill
avoidance, maximum financial benefits, or ease of management.
The assessment of collection methods at venues suggests that
there are effective ways to teach consumers, over time, how to sort
materials and that simple signage may aid in reinforcement of
behavior but is not necessarily effective as a standalone strategy.
These findings will help venue operators and facility managers bet-
ter understand their options when deciding to change manage-
ment approaches or improve the environmental impacts of their
operations. This study helped inform the efforts of ASU to meet
both its ‘‘Carbon Neutrality Action Plan’’ (ASU, 2010) as well as
the zero waste commitment and can provide insights for other
organizations to meet their environmental goals.
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