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Introduction

The Sustainable Dubuque initiative began in 2006 when Dubuque Mayor Roy D. Buol and the City
Council made sustainability a top priority for the City of Dubuque. In September of 2009, the City
of Dubuque and IBM Research announced a partnership to make Dubuque a living laboratory and
one of the first “smarter” sustainable cities in North America. This initiative was named Smarter
Sustainable Dubuque and, since its inception, the City of Dubuque, IBM Research and a diverse
group of public and private partners have and embarked on a series of pilot projects made possible
through the participation of Dubuque volunteers.
The goal of Smarter Sustainable Dubuque (SSD) is to provide Dubuque residents and businesses
what they need (information and tools specific to their circumstances) to do what they want (save
money, conserve resources, and improve the local economy and environment). Additionally, the
development of new “smarter instrumented” technologies coupled with community outreach and
implementation strategies, is creating a replicable, international model of sustainability for
communities of 200,000 and under, where over 40 percent of the U.S. population resides.
Over the past four years, four SSD pilots have been successfully completed: Smarter Water (2010),
Smarter Electricity (2011), Smarter Travel (2012), and Smarter Health and Wellness (2013). A
fifth pilot project, Smarter Discards, has just completed. What makes the SSD pilots unique is that
more than 2,000 Dubuque households have participated in one or more of these pilots over the past
four years validating innovative sustainability concepts and their participation has yielded
invaluable insights into the utility and adoption of these innovations and their eventual adoption
beyond Dubuque.
The City and IBM Research ran the Smarter Discard Pilot Study from June 2013-April 2014, to
analyze and improve waste diversion through curbside trash and recycling collection service. The
study involved two groups of curbside collection customers, an aggregate group and a volunteer
group. The City identified two residential collection areas to participate in this project as the
aggregate group. The purpose of the aggregate group is to establish baseline measurements as well
as understand the return-on-investment (ROI) of on-board computing RFID technology. The City
also recruited 300 households for the volunteer group. The volunteers had their discard (refuse,
recycling, and food scraps in separate containers) data recorded anonymously by the city solid
waste collection crews. This data was provided to IBM for analysis.
IBM’s Intelligent Waste Management Platform (IWM) was used to collect and analyze the data
from both the aggregated and volunteer groups. One feature of that platform is a portal site, called
the Smarter Discard Portal, which utilizes eco-feedback technology. Volunteers use this portal to
access customized information visualizations of their discard data. They are requested to complete
a demographic questionnaire when they log in for the first time. The questionnaire includes
questions about the number of adults and children in their household. The demographic data are
used to determine volunteers who are similar in order to establish “peer groups” for comparisons.
The volunteers receive “green points” based on their performance compared with their peer group’s
performance and the volunteer’s previous performance.
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1)

Abbreviations and Acronyms





IWM: IBM’s Intelligent Waste Management Platform.
SSD: Smarter Sustainable Dubuque
RFID: Radio Frequency Identifier. Used to automatically record collection of recycle and
city owned waste bins.
UID: Unique ID used to anonymously identify a participant in this pilot study
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2)

Aggregated Area Pilot
Aggregated Pilot Overview

2.1

The aggregate group consisted of 849 customers in two different areas of the city. One area, the
Washington Neighborhood, is mainly comprised of low-income, multi-family housing (384
customers). The other area is dominated by middle-income single-family houses (465 customers).
Refuse and single-stream recycling was collected in both areas as part of the City’s regular weekly
discard collection service.
Two trucks used for these routes were outfitted with an on-board RFID data collection system from
Sonrai Systems, Inc. Using a handheld RFID reader (Figure 1), RFID tags were installed on all
aggregate group recycling bins and City-owned refuse bins. The reader recorded the RFID tag
number along with the address associated with the bin. This data, along with the customer’s
Unique ID (UID), was entered into the IWM platform.

Figure 1 Handheld RFID readers
If a container had an RFID tag, the truck on-board computer automatically recorded the tag number,
date/time, and GIS coordinates. If there was no RFID tag (because it was a privately owned bin or
an extra bag set out that week), the workers pushed one of 3 buttons (Figure 2) indicating there was
a collection at this location and the GIS coordinates were automatically recorded along with the
time and date. The three buttons indicated:




Yellow Button (Top): Collection of a bin with no RFID tag
White Button (Middle): Collection of an extra bag at a location without an RFID tag
Red Button (Bottom): Collection of an extra bag at a location with an RFID tag.
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Figure 2 Buttons used to record "non-RFID" pickups
Beginning in June 2013, two types of data for the aggregate group were gathered, whether a discard
bin (refuse or recycling) was picked up for each customer, and the total truck weight at the end of
the route. The truck weight was used to calculate the average discard weight of each bin collected
that day.
The collection data was automatically gathered by the IWM system on Mondays and Tuesdays (the
day the route was run) at 22:00 EDT, via a web service, from Sonrai Systems. If RFID data was
available, the IWM system used that information to associate the collection with a customer UID.
If the RFID data was not available or the RFID tag did not match any entries in the IWM database,
the GIS coordinates were used to find an existing customer UID within a 25m radius. If no
customer matches could be found, a notification was reported.
The total truck weight at the end of the route was gathered daily at 23:00 EDT via FTP from
Wasteworks scale software that records the weight of the discard brought to the drop-off location.

2.2
2.2.1

Analysis of Aggregated Data:
Recycle Data

We first examined the recycle setout rate of the aggregate group customers. The setout rate is
defined as the percentage of customers that have a container picked up during a given collection
period. Collection data (Figure 3) show that the recycle setout rate is lower in the Washington
Neighborhood (yellow bar) than in the Other Aggregate Neighborhood (blue bar). Since the
Washington Neighborhood has many multi-family dwellings, which often times do not have easy
access to recycle services, these setout results match what the team had expected.
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Figure 3 Aggregate Group Customer Recycle Setout Rate by Neighborhood
The next data analyzed was the average weight per customer of the recycled material. Average
weight is calculated by dividing the “drop off” weight of the truck by the total number of customers
the truck collected discard from that day. The team had expected that the average weight in the
Washington Neighborhood (tan bar) to be lower than that of the other neighborhood (blue bar) –
but the actual collection data (Figure 4) showed that the average weight from the Washington
Neighborhood was the same or higher. This data indicates that when customers in the Washington
Neighborhood participate in recycling programs, they recycle as much or more material than those
in the other aggregate neighborhood.

Figure 4 Aggregate Group Average Recycle Weight by Neighborhood
Combining the conclusions from the two data sets: 1) the percentage of customers in the
Washington neighborhood that participate in recycling is lower most likely due to the challenges of
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access to recycle services in multi-family units; 2) when customers in this area have access to
recycling, they recycle as much or more as those in more affluent areas; we can conclude that by
giving easier access to recycle services (for example: providing more bins to multi-family units),
recycle setout rate would increase in the Washington neighborhood resulting in more material
diverted from the landfill and thus a cost savings for the city.
2.2.2

Refuse Data

Comparing the refuse setout rate the two neighborhoods (Figure 5), it appears that the Washington
Neighborhood (tan bar) almost always has a higher setout rate than the other aggregated
neighborhood (blue bar). However, there are some odd trends in the data – namely, at the
beginning of the pilot, the setout rates were in the expected range, but as starting in October, 2013,
the setout rates were on a downward trend. This was unexpected because there were no specific
activities targeted at reducing refuse or reducing the setout.

Figure 5 Aggregate Area Refuse Setout Rate
To understand if this reduction in setout was real or instead an artifact of another issue, we next
examined the average weight per household for the two aggregate areas (Figure 6). Notice that the
average weight is increasing as the setout rate is decreasing this indicates that fewer customers are
setting out refuse but those who are setting out refuse bins are producing significantly more waste
each week than they had in previous months. While this certainly could be the case, it is certainly
not what was expected.
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Figure 6 aggregate area average weights per customer
Next we looked at the raw data being collected by Sonrai. We found that the number of
“non-tagged lifts” (aka the ones the crew has to push a button in order to record) was fairly
consistent from August thru early October. After October, we still had some “non-tagged” lifts
flagged, and starting in late Dec, there were no non-tagged lifts recorded.

Non tagged Lifts - truck 3404/Tuesday
500
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400
350
300
250
200
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100
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0

Non tagged
Lifts - truck
3404/Tuesd
ay

This means that the customer setout rates and average weights for the refuse collection after early
October in the aggregate area is really not valid because the non-tagged lifts were not recorded.
There are three possible causes




Equipment failure – the buttons on the trucks were not acting properly
Change in Crew – and the new crew was not trained on the recording procedures.
Miscommunication – The crew did not believe the data was being used for anything and
stopped recording collections.
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After discussing the situation with the crew supervisor, we concluded that the cause was the third
reason – that the crew on the refuse route stopped manual pickups because they did not believe the
data was being used.
There are three conclusions that can be drawn from these results: 1) any requirement for manual
entry/actions is error prone and should be avoided if possible. 2) Since it will not be realistically
possible to remove all manual activity, any systems collecting the data (ex: IWM), should have
features which automatically check and flag anomalies such as the above so that they can be
addressed quickly. 3) If manual work is required, we should be keeping in close communication
with those doing the manual work in order to show them how the data is being issued.

Truck Scale Weight Data

2.2.3

In addition to being used to determine the average weight of a collected bin, the “drop-off” weight
of the trucks was used to determine a baseline to understand any seasonal trends in the discard
behavior. Figure 7 shows an increase in discard in December around the US Christmas and New
Years holidays, but averaging back to a more steady state in the other months.

60
50
40
30
20

Refuse (tons)
Recycle (tons)

10
0

Figure 7 Aggregate Group total truck weights
Comparing the data in the above graph to the Recycling weights for the entire city, we can conclude
that the Aggregate area gives a good representation of the city patterns.
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Figure 8 City-wide Recycle Weights
2.3

Conclusions & Recommendations

Based on the above analysis of the data collected for the aggregated area we conclude the following
1. While the recycle setout rate of the Washington Neighborhood was lower than that of the
other aggregate neighborhood, when customers did have access to recycling, the average
weight of material per customer was the same or higher than in the other aggregate
neighborhood.
2. Using on-board computing technology such as RFID to automatically record collection
information can give valuable insights into discard behavior.
3. Requiring entry of data manually (whether actually recording of data or pushing a button)
is error prone. Systems should be either fully automated or have checking that flags
anomalous data.
We recommend the following:
1. Create a pilot project that gives more/easier access to recycling services in the Washington
Neighborhood, along with education about the easier access. Measure the results of the
pilot to determine if the recycle setout rates and total weights increased.
2. When deciding on on-board computing technology for any area of discard, ensure that the
procedures for the crew are completely automated. If they cannot be, ensure the system
where the data is being collected and analyzed and send notifications of potential
anomalies in the incoming data so that the issues can be addressed promptly.
3. Assuming there is some amount of manual work required for collecting data, keep in
regular communication with those doing that work so they understand how this
information is being used and why it is important.
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3)
3.1

Volunteer Pilot
Volunteer Pilot Overview

The volunteer group consisted of 300 customers from all over the city. These customers who
volunteered to participate in the Smarter Discard Pilot study could set out up to four types of
discard for collection: refuse, single-stream recycling, food scraps and yard waste. Refuse and
single stream recycling had to be in their own bins that were collected weekly. The customers had
the option of mixing food scraps and yard waste into either a single combined bin or setting out
multiple dedicated bins Organic waste was picked up weekly from the beginning of the pilot study
until November 30, 2013, and again during the month of April 2014. From December 2013 thru
March 2014 customers would call when a pickup was needed. Each customer had access to the
“Smarter Discard Portal” where they could see historical data of their weekly discard.
The City collection trucks were outfitted with luggage scales that the crew used to weigh the refuse,
recycle and food scraps in a separate bin for each of the volunteers. Because yard waste was
difficult to weigh, the collection crew simply recorded whether there was food scrap mixed in but
did not record the weight of combined organic discard. Because this weight was not recorded, the
yard waste component of the discard is not analyzed in this paper.
The City worked with Location Technologies, Inc. (LTI) to provide an update to the on-board
computing software that was already resident on the city collection trucks. Prior to the pilot, the
LTI system would report GIS location of the truck. The updated software added the ability for the
crew to record more details about a given collection including the discard type, the unique customer
ID and the weight of the collection. This data was pulled into the IBM IWM system each day via a
CSV file and FTP.
In August 2013, data collection started with a set of 25 “friends and family” volunteers to the
system and process. When the crew collected from a “volunteer” household, they would weigh
each type of discard; record the UID of the customer, the weight and the discard type on the LTI
on-board computing system. The crew also wrote the details on a log sheet that was used for
reference in the case of questionable or incorrect data entered in the system.
In September 2013, data collection for the entire volunteer group began. The volunteers were given
their Smarter Discard Portal Login information and a user guide explaining the features of the
portal. In addition the city held “portal” training sessions in order to answer any questions.
3.2

Volunteer Engagement Plan

In addition to the data collection described above, the City of Dubuque designed a customer
engagement plan to determine what types of communications and activities were the most effective
to increase waste diversion.
The engagement plan began with the recruitment of volunteers. The volunteers were given a
“smarter discard organics pack” which contained a food scrap pale, compostable bags, and the
decals they would adhere to the bins (or bags) that they setout for collection every week (Figure 9)
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Figure 9 Smarter Discard Organics Pack
When the full-volunteer pilot started in Sept 2013, the city held training session and sent email on
how to use the Smarter Discard portal. After approximately 10 weeks, because the number of
volunteers accessing the portals decreased, the engagement strategy was changed to become much
more proactive.
The City began sending regular emails to the volunteers with a link to the portal as well as helpful
hints on how to reduce waste or increase recycling. In addition, the City held five Smarter Discard
workshops on different aspects of waste diversion (ex: an open house at the recycling center so
volunteers could see how recycled material is sorted). Previous Smarter Water and Smarter Electric
studies had also sent emails reminding users to check their portals, and they held community cafés
for volunteers to gather to discuss the program.
These events were held roughly once a month, and each adopted a seasonal theme. The first event
provided an overview of the City’s food scrap recycling program, and was chosen for late
November as the holiday season typically generates large amounts of food waste. December’s
event focused on ways to use fewer materials when wrapping gifts. In January, a food waste
reduction workshop was held. February’s event was a workshop designed to assist users who had
questions about using their discards portal. March’s event provided an overview of the City’s
recycling program. The event in April utilized a spring cleaning theme and provided information on
how to dispose of household appliances and electronics.
3.2.1

The Volunteer Smarter Discard Portal

IBM developed the Smarter Discard Portal, which utilizes eco-feedback technology. Volunteers
had access the portal to see customized information visualizations of their discard data. They were
requested to review and update a demographic questionnaire that included questions about the
number of adults and children living in the household. The demographic data had been preloaded
into the system based on questions answered as part of the volunteer application. This demographic
data are used to determine volunteers who are demographically similar in order to establish peer
groups for comparison.
The portal is divided into three sections: progress summary towards discard goal achievement,
pickup weight information, and pickup volume equivalent information (Figure 10).
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Figure 10 The Smarter Discard Portal
The progress summary section shows (1) financial savings due to a volunteer’s waste diversion, (2)
the volunteer’s rank based on diversion compared to their peer group, and (3) the number of green
points the volunteer has earned. Volunteers can earn “green points” based on their actions during
the pilot (see Green Points for more detail). Volunteer rank is calculated based on the number of
“green points” awarded. Participants with the most points received prizes at the end of the study.
The pickup weight information section displays discard data broken down by material type (refuse,
recycling, food scraps sorted into separate containers).
The volume equivalent information section shows a visual of how much has been discarded since
the beginning of the pilot compared to common items such as a motorcycle and a compact car.
The portal also shows informational messages from the City and history of green point awards.
Green Points

One of the features of the IWM platform is the ability to award Green points to the volunteers based
on their behavior. The City configured which “behaviors” to encourage and how many points
awarded for each.
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Figure 11 IWM Green Point Configuration Portal
A volunteer could earn green points by:










Logging into the portal for the first time (15 points)
Changing the profile (aka updating the demographic questionnaire) (10 points)
Logging into the portal at least once per week (after the first login) (5 points)
Logging into the portal 4 consecutive weeks (10 points)
Reducing the weight of your average refuse collection compared with the previous month
(10 points)
o The IWM system calculates the average collection weight of refuse for the month
and compares that to the average collection weight of the previous month. If it is
lower, the user gets points. The average weight is used (vs. total) in order to take
into account vacations, holidays and to normalize the cases where some months
have five pickups and others have only four.
Increasing the average diversion percentage over the previous month. (10 points)
o Diversion is defined as the (weight of recycle + food scraps in separate bin)/total
weight of all collections (recycle + food scraps in separate bin+ refuse)
o For this calculation, the average collection weights are used in the formula.
Having a lower average refuse collection baseline than 50% of the “neighbors like you”. (8
points)
o Using the demographic information of household type (multi vs. single family),
the number of children and the number of adults, the volunteers are put in to “like”
groups each time this green point award is evaluated. If a volunteer has a change in
any of these data, they may move to another group.
o The average refuse is calculated as described in the “reducing the weight of your
average refuse collection”. By using the average weight, we not only account for
vacations, holidays, but also it normalizes the case where the collection week
crosses the month boundary.
16

Smarter Sustainable Dubuque Smarter Discard Pilot Report







Having an average diversion baseline higher than 50% of “neighbors like you”. (8 points)
o Volunteers are dynamically grouped as described above based on the type of house,
number of adults and number of children.
o The average diversion for each member of the group is calculated and points are
awarded to the 50% with the highest diversion
Having a lower average refuse collection baseline than 50% of all of the volunteers in the
pilot. (6 points)
o Each volunteer’s average refuse collection weight is calculated for the month and
points are awarded to the 50% with the lowest weights.
Having an average diversion baseline higher than 50% of all of the volunteers in the pilot
(6 points)
o Each volunteer’s average diversion percentage is calculated for the month and
points are awarded to the 50% with the highest diversion percentages.

In addition, a volunteer could earn additional green points by attending the various workshops the
city offered. The IWM administrator awarded these points to the volunteers that attended.
Green points were also awarded to volunteers that attended any of the events publicized through the
NotifyMe updates or who liked the Smarter Discards page on Facebook. Volunteers that attended
events received 20 points for each event attended, and 20 points were also awarded if a volunteer
liked the Facebook page.
Surveys of the Volunteers

Two online surveys were carried out during the volunteer pilot study. Each began with an invitation
to participate and a link to the survey being distributed by email; surveys were open for about two
weeks, with one reminder being sent for each. The first survey was carried out about a month after
the project had begun, to gather information about the motivations, experience and attitudes of
those participating. The second survey was carried out immediately after the end of the pilot: its
focus was on assessing what participants had learned, and how (or whether) they had changed their
behavior during the pilot.
It should be noted that a well-known limitation of surveys is that they over represent the opinions
and attitudes of the most motivated and engaged participants. In this case this means that the
surveys give a more positive picture than one would get from a random sample of the population.
Thus, readers should be cautious about generalizing from the motivations, attitudes and results
reported by the respondents to the general population; on the other hand, reports of problems and
difficulties should be taken quite seriously, as survey respondents would be more likely to attempt
to overcome them.
NB. When reporting the results of the surveys, we report percentages based on the number of
people who responded to a question (respondents could skip questions), so for example although 75
people responded to the survey it is not uncommon to have responses based on fewer than 75
answers. We also adjust questions/answers to present results in a positive valence (e.g., if 25% of
people disagreed with the statement ‘I did NOT do things to try to earn green points,’ that would be
reported as 25% of the respondents reported they did things to try to earn green points).
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3.3
3.3.1

Volunteer Pilot Analysis
Volunteer Pilot Data Analysis
Three types of data were analyzed for the volunteer group – the number of times volunteers
logged into the Smart Discard Portal, the setout rate of each discard type, and the total
weight of each discard type.
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Figure 12 Weekly Volunteer Group Smarter Discard Portal Logins
Figure 12 shows the login profile for the Smarter Discard Portal. The red portion of bar indicates
the number of customers who logged in for the first time, and the blue portion of the bar shows the
number of customers who have logged in previously. The City offered training sessions and
provided documentation on how to use the portal at the beginning of the study. We see that many
customers logged into the portal in the first two to three weeks of the pilot, but the number of logins
dropped significantly after that time.
Beginning the week of November 24, 2013, the City began a more proactive engagement with
regular emails that included helpful hints and offering informational workshops. The number of
logins, both repeat and first time, climbed significantly as a result of this engagement. In addition,
the number of logins each week was sustained at a higher level for the remainder of the pilot. We
believe that because the emails had helpful hints as well as details about upcoming workshops, the
volunteers read them regularly (instead of considering them to be spam), and it made them more
aware of their discard behavior.
There were a total of 125 volunteers that logged into the portal at least one time (41.6%) and 72
volunteers that logged in more than once (25%). The percentage of volunteers who used the portal
was the same or higher than in the previous Smarter Water and Smarter Electricity studies. (41.6%
of the Smarter Discard volunteers accessed the portal at least one time vs. 35% of the Smarter
Water Volunteers).
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An example of helpful hints delivered to volunteers was providing them with an article listing
twenty useful tips for spring-cleaning using eco-friendly materials.
The setout rates out of each discard type for the volunteer group are shown in Figure 13.

Figure 13 Volunteer Group Setout rates - all discard types
The setout rate of the refuse (yellow bar) and recycling (blue bar) was fairly consistent through the
study implying that any increase or decrease in weights of these discard types are not due to a
change in the number of participants discarding material.
The setout rate of the food scrap in a separate container (purple bar) shows some seasonality. The
increase in October is believed to be the result of customers closing down their vegetable gardens,
which traditionally generates additional food scrap waste. The decrease in December thru March is
due to the fact the regular weekly organic/food scrap collection had stopped for the winter months
and instead the customers had to call to have their pickups done. Since the weather is cold during
this time of the year, the food scraps would not smell, so customers would only call for a food scrap
collection when their bins were full.
A total of 45% of the volunteers (136 of 300) setout food scraps in a separate container at least one
time. The break down of the participants is:





40 volunteers set out the food scraps in a separate container exactly 1 time
17 volunteers setout the food scraps in a separate container exactly 2 times
9 volunteers setout the food scraps in a separate container exactly 3 times
70 volunteers setout food scraps in a separate container more than 3 times.
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Figure 14 Number of Volunteers to set out food scrap only 1 time during the pilot
Figure 14 shows the breakdown by month of 40 volunteers that only setout food scraps in a separate
container one time during the pilot. The large numbers in September and October followed by a
drop off can be explained by the fact that volunteers tried sorting our their food scraps at the
beginning of the pilot but due to the “ick” factor, did not continue this activity. It is interesting to
note that every month we had at least 1 or 2 volunteers trying food scrap separation for the first time.
This could be due to the customer engagement activities and should be investigated further in a
future study.
The actual weight of the collected discard is shown in Figure 15. The yellow bar represents the
weight of the refuse. The blue bar is the weight of the single-stream recycling, and the purple bar is
the weight of the food scraps in a separate container. Note that the actual weight of the refuse
(yellow bar) decreases significantly during the study. There could be several causes for this change
– customers travelling during the winter months resulting in less refuse, general seasonality
(example: less is discarded in the months following the Christmas holidays) or the volunteers
changed their discard habits due to a combination of visibility from the Smarter Discard Portal as
well as the proactive citizen engagement from the City.
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Figure 15 Volunteer Group Actual Weight
Using the information from the volunteer setout rate data (Figure 13) we can eliminate the change
in the number of customers setting out refuse as the root cause because the refuse rate set out did
not change significantly during the study period.
Using the aggregate group total truck weight baseline data (Figure 7), we can eliminate general
seasonality as the cause of the decrease. Unlike the baseline data from the aggregate group, the
volunteer refuse December data did not show a significant increase over October and November; In
addition, the refuse weights in the aggregate group returned to approximately the pre-holiday
weights in January, but the volunteer group shows a significant decrease in weight starting in
January and the subsequent months.
Overlaying the citizen engagement timeline (regular emails with helpful hints starting at the end of
November along with regular informational workshops), we can conclude that the decrease in
refuse (and overall increase in diversion) is due to customers becoming more aware of their discard
habits (through access to the Smarter Discard Portal) and also becoming better educated about how
to reuse or recycle discarded material (via the emails and workshops).
We see diversion ratio increase from 42.8% at the beginning of the pilot to 48.1% at the end.
Diversion is defined as the weight of the material not sent to the landfill (aka recycle & food scraps)
divided by the weight of all discard.
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Figure 16 Volunteer Group Diversion Rate
3.3.2

Volunteer Survey 1: Volunteer Experience, Motivations and Barriers

111 of the approximately 300 volunteers responded to the initial survey, a response rate of 37%
which is very good for an online survey. This response rate likely reflects both the fact that
participants were volunteers, and that the study was in its early days and participants were
interested and curious.
The respondents

Those who responded to this survey were quite experienced with recycling with 95% reporting that
they had participated in curbside recycling before the project began. However only a minority –
32% – had participated in food scrap recycling; 50% were new to it, and most of the remainder had
tried it but not been consistent at it.
Motivations and opinions

With regard to motivations, large majorities agreed with all the motivations listed in the survey
(Table 1).
Table 1. Motivations for recycling and composting
Agree
99%
98%
96%
94%
91%
83%
59%

Neutral
0%
1%
3%
4%
4%
12%
28%

Disagree
1%
1%
1%
2%
5%
5%
13%

…are reasons that I recycle / compost
I care about conserving natural resources and energy
I want to leave a better world for future generations
I feel good when I recycle
I hope to reduce my role in contributing to climate disruption
I am concerned about the air and water pollution generated by landfills
I want to avoid the extra costs incurred by setting out more trash
Many in the community are doing it, and I want to be a part of that

Of these items, the “Many in the community are doing it, and I want to be a part of that” motivation
was the least favored, but it still got 59% agreement. All other motivations got over 80% agreement,
and most got over 90%. This simply illustrates that people have multiple and often quite different
motivations for participation.
When asked what might motivate them to recycle more, participants responded as below:
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Table 2. Incentives that would best motivate you to recycle and compost more
Agree Neutral Disagree …would motivate me to recycle more:
77%
18%
5%
A better understanding of the benefits to the community and the
environment
75%
20%
5%
Paying less or receiving a financial rebate
73%
17%
10%
Seeing how my performance compares with that of similar households
65%
26%
9%
Donation of a percentage of the City’s savings to a non-profit organization
43%
39%
18%
Prizes for high performance at recycling
41%
38%
21%
Being entered in a lottery for a monetary prize
45%
26%
28%
Public recognition for high performance at recycling

Two of the top-four ranking motivations can be satisfied by delivering information that can be
produced as a result of the data gathered in the pilot. In particular, the top-ranked incentive could be
supported by providing a view of the aggregated City data would be helpful. Seeing that
participants are collectively recycling thousands of pounds – and whether they are doing better or
worse over time – is likely to be much more engaging than the comparatively modest individual
numbers. This data exists – see Figure 17. Aggregated weight of discards across all participants–
and is currently provided to the City.

Figure 17. Aggregated weight of discards across all participants
Participants reported being least motivated by public recognition and prizes, while a variety of
other motivations received agreement ratings in the 70% range. It should be noted that often
different incentives work for different people, and thus using multiple different incentives can be an
effective strategy.
Perceived barriers for others

The final part of the first survey enquired about perceived barriers to recycling discards and food
scraps (for people in general) and failures (personal) in discarding practices.

23

Smarter Sustainable Dubuque Smarter Discard Pilot Report
Table 3. Reasons why more people do not fully participate in curbside recycling
Agree Neutral Disagree …is a reason why more people don’t participate in curbside recycling
59%
18%
23%
There is uncertainty about which types of items can be recycled
53%
19%
29%
There is concern about the attracting pests – flies, mice, etc. – by keeping
recyclables around
52%
17%
30%
There is concern about cleanliness – odors, mold, etc. – related to keeping
recyclables around
44%
17%
39%
It takes too long or is too much trouble
44%
19%
37%
There isn’t convenient storage space for to-be-recycled items
52%
20%
28%
It’s too physically difficult to set out the bin

Majorities agreed with the top three barriers to recycling. It is interesting to note that the top
perceived barrier has to do with knowledge of what is recyclable, something that can be addressed
by information campaigns. In second place are concerns about hygiene, a more difficult issue.
Table 4. Reasons why more people do not fully participate in recycling food scraps
Agree

Neutral

Disagree

…is a reason why more people don’t participate in curbside recycling

87%

6%

6%

84%

6%

9%

80%
67%
54%
47%
38%
10%

14%
15%
20%
22%
40%
26%

6%
18%
26%
31%
22%
64%

There is concern about cleanliness – odors, mold, etc. – related to keeping
food scraps around
There is concern about the attracting pests – flies, mice, etc. – by keeping
recyclables around
Cleaning out the food scrap container is unpleasant
There isn’t convenient storage space for food scraps
It takes too long or is too much trouble
There is uncertainty about which types of items can be recycled
People prefer to compost food scraps for use in their own yard or garden
It’s too physically difficult to set out the bin

The top perceived barriers to food scrap recycling have to do with hygiene (also known as the “ick
factor”) – which very large majorities saw as an issue – and convenience. Given that many
participants had not recycled food scraps prior to the study, we wondered if those who were
inexperienced saw different barriers to food scrap recycling: however, analyzing the responses to
the question for the 66 participants who had not regularly recycled food scraps prior to the study
produced the same pattern of responses as above.
Finally, the survey asked about ways in which participants fell short in their recycling practices.
Table 5. Frequency of non-ideal discarding practices
Weekly
Monthly
Rarely
…how often do the following discarding practices occur in your household
or more
or never
65%
34%
11%
The food scraps are too messy or smelly, so I put them in the garbage
51%
33%
16%
It’s something I’d have to take somewhere to drop off (glass; batteries;
electronics), so I put it in the garbage
70%
16%
15%
I’m not sure if something is recyclable, so I put it in the garbage
83%
10%
7%
I don’t want to clean a recyclable item, so I put it in the garbage
90%
5%
5%
I don’t have a nearby container for a recyclable item, so I put it in the
garbage
89%
7%
4%
I run out of space for recyclables, and so I begin putting them in the
garbage
91%
4%
4%
I forget to put the recycling bin out

First, note that majorities said – for all listed practices – that they rarely or never fell short. That said,
the top two reasons for falling short were hygiene and convenience – needing to take a particular
type of item else where to recycle it. Furthermore, with respect to the convenience issue, a frequent
complaint in the open-ended questions was that Dubuque does not do curbside pickup of glass for
recycling. While recycling does require changes to household arrangements and routines – finding
separate space for recyclables and putting out the bins – only a small percentage of respondents
reported these as obstacles.
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Summary of survey 1

The first survey shows that the participants in the volunteer pilot study are by and large highly
motivated and experienced with curbside recycling of non-organic materials, with the exception of
organics. It is interesting to note that 59% of respondents view uncertainty about which materials
can be recycled as a problem, and 31% report that they put something in the garbage at least once a
month because they’re not sure about its recyclability. This is an issue that can be tackled by
providing better information about what may and may not be recycled. Hygiene is also an issue –
even for non-organics – and the survey suggests that a closer look at this issue to see whether a
possible redesign of recycling bins to reduce odor and pest issues might be in order.
3.3.3

Volunteer Survey 2: Portal Use, Behavior Change, User Interface

The second survey was carried out at the end of the pilot experiment. It began with demographic
questions – which confirmed that the respondents were quite similar to those who responded to the
first survey – and then asked questions about their experience in the pilot: specifically about
whether and how their behavior had changed, and their experience with the Smarter Discards web
Portal.
74 of the approximately 300 volunteers responded to the second survey, a response rate of 25%.
This is a lower than the 37% who responded to the first survey, but it is still a good response rate for
an online survey.
The respondents

In general, the respondents to the second survey reported demographic characteristics that were
similar to those who responded to the first. The pattern and magnitudes of motivation for
participating were nearly identical. Likewise, respondents showed a similar recycling experience
profile: 99% reported that they regularly recycled materials before the pilot began, but only a
minority (41%) had regularly participated in foodscrap recycling prior to the pilot. 35% were new
to food scrap recycling, and another 12% had tried it but not been consistent, thus indicating that
the pilot provided a opportunity for people to explore new behaviors.
The second survey asked additional questions about households. 98% lived in single-family
housing, about 80% of the respondents lived with others – either other adults (73%) and/or teens
(14%), pre-teens (11%) and/or young children (9%). Majorities reported that the work of recycling
was shared with other members of the household: 58% when there were other adults, and 75-80%
when there were teens and/or pre-teens in the household.
Perceived behavior change during the pilot

The next section of the survey asked about whether and how people believed that they had changed
their discards behavior, and tried to assess their attitudes based on their experience. It should be
noted that respondents to surveys often over estimate the number and extent of positive behaviors,
so the order of responses is typically more reliable than the absolute magnitudes when generalizing
from the survey results.
When asked how they had changed their discards behavior, 42% said they didn’t change there
behavior, but the rest listed changes ranging from increasing the quantity and types of things they
recycled to discovering new ways of managing their discards. Asked to provide examples of such
behavior change, about half of those who responded mentioned recycling food scraps.
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Table 6. Reported changes in discard behavior
Percent How did you change your discards behavior?
42%
I didn’t change my behavior
40%
I increased the quantity of materials or things I recycled, composted or reused/donated
36%
I found new types of materials or things to recycle, compost or reuse/donate
25%
I was more consistent
17%
I found new ways of managing my discards (e.g., new places to put recycled items)

In a related question, majorities of respondents said their households decreased what they sent to
the landfill in several ways:
Table 7. Beliefs about decreases in discards
Agree Neutral Disagree I believe my household decreased the amount it discarded by…
74%
17%
10%
…recycling materials like paper, cardboard and/or other materials
63%
15%
11%
…recycling or composting food scraps
66%
25%
11%
…donating, selling or re-using items that would otherwise have been
discarded

35% of respondents said that they learned new things about managing their discards during the
study. Examples ranged from what could be recycled (#6 plastic) to more pragmatic issues like how
long before food scraps will begin to decompose the biodegradable bags for compostables – “2–3
days is max in the summer…”
We also enquired about obstacles participants encountered in recycling materials and compostables.
Note that these questions are not the same as their analogs in the first survey (see Tables 3 and 4) –
the first survey enquired about what respondents thought people in general perceived as obstacles,
whereas this question was about the respondents themselves found to be obstacles. Across the
board, only minorities of participants agreed that the listed issues were obstacles in their own
materials recycling practices. Whether this is due to their own prior experience as recyclers, or is a
consequence of experiences during the pilot, or a combination, we can not say.
Table 8. Obstacles to respondents’ materials recycling
Agree Neutral Disagree …obstacles to recycling your household materials like paper,
cardboard, etc.
72%
14%
14%
I am concerned about attracting pests – flies, mice, etc. – by keeping
recyclables around
78%
12%
10%
I am concerned about cleanliness – odors, mold, etc. – related to keeping
recyclables around
79%
11%
10%
There isn’t convenient storage space for to-be-recycled items
73%
7%
20%
I’m uncertain about which types of items can be recycled
93%
4%
3%
It’s too physically difficult to set out the bin
92%
3%
6%
It takes too long or is too much trouble
Table 9. Obstacles to respondents’ recycling or composting food scraps
Agree Neutral Disagree …obstacles to recycling or composting your food scraps
42%
11%
46%
I am concerned about attracting pests – flies, mice, etc. – by keeping
recyclables around
36%
13%
51%
I am concerned about cleanliness – odors, mold, etc. – related to keeping
food scraps around
35%
28%
37%
Cleaning out the food scrap container is unpleasant
30%
27%
43%
I prefer to compost food scraps for use in my own yard or garden
20%
18%
62%
There isn’t convenient storage space for food scraps
10%
13%
77%
I am uncertain about which types of items can be recycled
8%
15%
76%
It takes too long or is too much trouble
1%
8%
90%
It’s too physically difficult to set out the bin

While respondents reported more obstacles to recycling or composting food scraps – with hygiene
concerns (the ‘ick factor’) dominating – it is still the case that majorities disagreed that the listed
factors were obstacles to their food scrap recycling.
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We were curious to see if the subset of 35 participants who had not regularly recycled or composted
food scraps prior to the pilot study felt differently about possible obstacles. However, as a group
they reported roughly the same magnitudes and ordering of obstacles as the entire group.
Thus far we’ve seen that a majority of respondents believed that they decreased the amount they
sent to the landfill, and that they did so via a combination of increasing amounts they recycled,
finding new materials to recycle, and finding other ways to re-use, sell or donate things they would
have discarded before the pilot. Relatively small percentages report obstacles to recycling, except
for a large minority (35-42%) who agree on the ‘ick factor’ associated with food scrap recycling.
Now we’ll turn our attention to the Portal and its use and impact.
The Portal – Frequency and Manner of Use, Barriers to Use, and Impacts

The modal user of the Portal visited it 2-5 times and characterized their use of it as “occasional” or
“rare.” 10% said they visited it 6-10 times, and another 10% more than 10 times; 8% characterized
their usage as regular. The majority (59%) said they discussed the data with others in their
household, and a minority (33%) said they discussed the Portal data with people outside their
household.
Part way through the Pilot, the City of Dubuque began sending out emails to participants containing
recycling tips, and links to the Portal. These emails appeared to stimulate visits to the Portal, and
indeed, survey respondents reported that this was so (as well as indicating that the tips were useful
and the emails were not annoying).
Table 10. Efficacy of tip/reminder emails
Agree Neutral Disagree Regarding the occasional emails from the Smarter Discards study
68%
28%
4%
I found the tips they contained useful
59%
31%
9%
They reminded me to visit the Portal
49%
3%
28%
I found them annoying

Asked what problems kept them from using the Portal more than they did, only 17% of the
respondents said they had no problems. However, the definition of “problem” in the survey was
quite broad, as indicated by the most frequently cited problem: “I kept forgetting.” This, along with
the 15% who said they “didn’t have time” indicate that participants found it difficult to make
checking the Portal a part of their daily routines. Other approaches – a permanent in-home display,
or a system that allowed the Portal to be displayed on a special TV channel to be viewed during
commercials – might be ways of addressing this issue. The second most frequent problem – also
found in other studies – are user IDs and passwords. The second most frequent problem was cited
by 18% of respondents: “I didn’t have my ID or password handy when I wanted to use the portal.”
Combined with the 15% who said their IDs or passwords “never” or only “sometimes” worked, this
indicates that this perennial problem is still with us. In the long run, the popular adoption of
biometrics could ameliorate this, as could the development of a portal app that is accessible only
from within a protected device like a smart phone and does not impose a second layer of security.
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Table 11. Barriers to greater use of the Smarter Discards Portal
Percent What problems kept you from using the Portal more than you did?
35%
I kept forgetting to look at the Portal
18%
I didn’t have my user ID or password handy when I wanted to use the Portal
17%
None: I had no problems using the Portal
15%
I didn’t have time to look at the Portal
8%
Sometimes my user ID and password didn’t work
7%
My user ID and password never worked
6%
After using it a few times I’d learned all I wanted
3%
The Portal was too difficult to use
0%
The Portal was too complicated
Table 12. Perceived impacts of Portal Use
Agree Neutral Disagree Don’t
know /NA
57%
21%
4%
19%
54%

23%

6%

17%

44%
26%

34%
33%

22%
26%

15%
15%

22%

22%

35%

20%

Using the portal reinforced what we already do to reduce our
discards
The Portal allowed me to see that changes I’ve made DO
affect the amount I discard
I did things to try to raise my rank
The Portal helped our household decrease the amount we
discarded
I did things to try to earn green points

Given that 48% of the respondents reported using the Portal only 2 – 5 times, and characterized
their usage as “occasional” or “rare,” it is encouraging to see that 57% reported that the Portal
reinforced what they were already doing and, 54% that it allowed them to see that changes they
made do make a difference. On the other hand, only about a quarter of respondents attributed
decreases in their discards to their use of the Portal. (We will reserve discussion of the effect of
Rank and Green Points for the next section).
The Portal User Interface

Having discussed the participants use of the portal, and its impacts, we will take a closer look at the
Portal’s User Interface (Figure 18, below). How did participants use the Portal? Which user
interface (UI) components were looked at most frequently? Which were easiest to understand? To
what extent did the different UI components assist users in understanding their discard behavior,
and/or in encouraging them to change their behavior? These questions are difficult to address
directly, since in a deployment participants are using the Portal at times and places of their own
choosing.
We used the survey to address these questions, showing respondents pictures of user interface
components, and asking them: (1) if they usually looked at it; (2) if they understood what it meant
(specifically, this is the number of “disagree” responses to “I needed more of an explanation of
what this meant”); (3) if it helped users better understand their discards behavior ; and (4) if it
encouraged them to take action to change their behavior
Figure 18 shows the Portal UI and Figure 19 shows the percentage of users who responded
positively to the above questions.
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Figure 18. The Portal user interface, with annotated components: (1) the Discard Weight by
Time graph; (2) the Cumulative Discard Volume graph; (3) the Rank Indicator; (4) the
Green Points Indicator; and (5) the Total Savings
As shown in Figure 19, the two graph components of the UI were reported to be the most frequently
looked, were felt to be clearest, and were felt to be most helpful in enabling users to understand
their discards behavior. The Ranking Indicator followed these two components, with slightly lower
scores for each category. The Green Points and Total Savings Indicators were least frequently
looked at, and respondents indicated that they were least clear about the meaning of Green Points
and found them least helpful in understanding their discards behavior.

Figure 19. Survey respondents’ reports on the frequency, clarity, explanatory and efficacy of
the user interface components
While frequency of viewing, clarity and behavior-understanding were typically correlated with one
another, the degree to which components encouraged behavior change was less correlated. In
particular, the Ranking and Total Savings indicators were reported to be most effective in
encouraging behavior change, even though fewer users usually looked at them. If one takes the
frequency of viewing into account by computing the ratio of “encouraged me to change my
behavior” to “usually looked at it,” we see that both the Ranking and the Total Savings Indicators
scored about 60 (i.e. 60% of those who usually looked at it reported that the components motivated
them to change their behavior), versus scores in the 30’s for the other UI components. This suggests
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that finding ways to make Ranking and Total Savings more visually prominent or more interesting
– so that a high proportion of users regularly looked at them – might help promote more behavior
change. The Green Points Indicator appear to be the least successful user interface component,
scoring lowest in clarity, helpfulness in understanding discards behavior and in encouraging
behavior change.
Summary of Survey 2

As in the first survey, respondents to survey 2 were highly motivated and experienced in recycling
materials; nearly half, however, were new to food scrap recycling, or had not regularly done it prior
to the study. The majority of respondents believed that they changed their behavior and that their
households sent less trash to the landfill as a result of the pilot. They reported a variety of means
through which this was achieved – increasing the amount the recycled, finding new types of
materials to recycle, and finding ways to re-use, sell or donate things they would previously have
sent to the landfill.
The average participant only used the Portal a handful of times, and reported that the chief barrier to
its use was that they “kept forgetting” about it – what this means is that the Portal is not well
integrated into their daily lives. Participants also reported that password problems also posed an
obstacle (as has been found in previous Portal deployments). In spite of this, majorities reported
that they found the Portal helpful in reinforcing what they were already doing, and in enabling them
to see the impact of changes they made; fewer – 25% – felt that the Portal directly helped them
reduce their discards.
With regard to the user interface design of the Portal, the graphical elements – which gives users a
glimpse of their activities over time – were clearly the most successful. For those who regularly
paid attention to them, the Ranking and Total Savings Indicators were most effective in motivating
behavior change.
In considering these findings, it is important to remember that these likely over represent the most
motivated and engaged users, for it is these users who are most likely to take the trouble to respond
to surveys. Thus the positive results – such as the reports of behavior change, decreasing amounts
of discards sent to the landfill, and impacts of the Portal – are likely of lesser magnitude for the full
population. On the other hand, problems reported – like the “I kept forgetting” and the password
problems – may well be more acute for the average user who is not as motivated to try to come to
grips with them.
3.3.4

Other Observations about the Volunteer Pilot

As mentioned in the overview section, the crew manually recorded all of the data collected for the
volunteer portion of the pilot – both on the LTI system and on paper. Overall the data was accurate,
but we did have a few recordings each week that had entry errors. The most common error was an
extra digit on the weight. For example, if the weight should have been 35 lbs, it might have been
recorded as 355 lbs.
The IWM system gives the user the ability to correct data. Once we realized that we were having
this issues, we implemented a procedure to check weekly for data > 100lbs for a household. These
entries were then compared to the paper record and corrections were entered. While not difficult,
this was very time consuming.
This experience reinforces conclusions drawn earlier – avoid manual entry if at all possible. If it is
not possible, have automated systems to alert the user to anomalies so they can find and correct
issues more efficiently.
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3.3.5

Conclusions & Recommendations from the Volunteer Pilot

Based on the above analysis of the data collected for the aggregated area we conclude the following
1. Requiring manual entry of data is error prone and should be minimized.
2. If manual entry is required, either automated or manual sanity checking of the data is
needed in order to ensure data integrity.
3. Citizen engagement activities resulted in higher diversion rates for the volunteer group.
4. These engagement activities helped the volunteers maintain a pro-active awareness of their
discard activities.
5. Having “informational” emails with helpful hints seemed to be an effective way of getting
the volunteers to read the engagement emails.
We recommend the following:
1. When selecting on-board computing technology for any area of discard, ensure that the
procedures for the crew are completely automated. If they cannot be, ensure the system
where the data is being collected can analyze and automatically flag potential anomalies in
the incoming data so that the issues can be addressed promptly.
2. Expand the citizen engagement activities to educate and create a more active awareness
about discard activities across all residences. The expanded engagement will lead to
reduced refuse and possibly an increase in recycling.
3. Investigate and pilot other methods of minimizing the “ick” factor for food scrap collection
in order to get a higher participation rate.
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4)

Financial Analysis
Financial Analysis Overview

4.1

The IBM Intelligent Waste Platform allows the user to analyze the data from a financial point of
view. For this pilot, Smarter Discard Platform was initialized with tipping fee data for refuse and
compost as well as income/ton for recycling. This analysis will focus on the 33 weeks (Sept 15,
2013-Apr 30, 2014) that both the volunteer and the aggregate pilots were running.
4.1.1

Tipping Fees:

Refuse:
Standard typing fees for the landfill are



July 1, 2012 – June 30, 2013: 36.42/ton
July 1, 2013 – June 30, 2014: 37.42/ton

Dubuque’s contract gave them a $6.73 discount on the tipping fees resulting in a cost of $30.69
to thc city.
Food scraps & yard waste (organic material):


July 1, 2013-June 30,2014: 19.78/ton

Recycle Material:

4.1.2

$0/ton

Income from sale of material:

Refuse:


$0/ton

Food scraps & yard waste (organic material):


$0/ton

Recycle Material (per ton income)













April 2013:
$34.70
May 2013:
$31.45
June 2013:
$26.78
July 2013:
$29.95
August 2013:
$32.13
September 2013: $32.81
October 2013: $31,75
November 2013: $31,47
December 2013: $31.47
January 2014: $31.59
February 2014: $33.59
March 2014:
$35.63
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4.2
4.2.1

April 2014:

$33.39

Financial Pilot Data Analysis
Income from Recycling

The city receives monthly income from recycling. The value per ton changes each month based on
the commodity markets where the recycling is sold. The income per ton changes monthly based on
the commodity markets for the various recycled material.
During these 33 weeks, the city received income of approximately $3704 for the sale of the
recycled material. (Figure 20)

Figure 20 Income From Recycling for All Pilot Areas
Figure 21 shows the breakdown of the income by pilot area (tan = aggregated area, blue =
volunteer area). Because there are many more households in the aggregated area (tan), it is not
surprising that more income was received from that portion of the pilot.
Comparing the monthly income between the two areas – we notice that there is much more
variability in the aggregated area (tan) than in the volunteer area (blue). Looking at the truck
weight data for the aggregated area (Figure 7) we see the same variability. Examining the raw truck
weight data, we are missing data for two aggregated recycling collection data – two in January
2014. This is not enough missing data to account for the variability. One possible explanation is
seasonality. As consumers purchase products in advance of Christmas more material is recycled
and after Christmas, purchasing slows down.
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The income data for the volunteer group (blue) reflects the weight data we saw earlier. Over the
course of the pilot the monthly income didn’t see significant changes (unlike the aggregated area).
One possibility is that the customer engagement activity and creating awareness negated the natural
effect of seasonality.
Because we cannot be certain of the cause of the variability in the aggregated area and the lack there
of in the volunteer area, it is recommended that this be part of a future study.
The Smarter Discard pilot involved approximately 1100 Dubuque holds over 33 weeks. Using this
information to extrapolate across the entire city (22,000 households), The city would receive
approximately $116,746 ($3704*22000/1100 households*52/33 weeks) from recycling for 1 year.
.

Figure 21: Income from Recycling: Breakdown by Pilot Area
4.2.2

Savings from Diversion

For the Smarter Discard pilot, diverted material is considered to be the discard that is not sent to the
landfill – specifically recycled material, food scraps and yard waste.
If material is not sent to the landfill, the city saves the value of the landfill tipping cost * weight of
the diverted material, but if there is a tipping fee associated with the diverted material that will
offset the savings. The savings from diversion reported in the IBM Intelligent Waste Platform
uses this calculation; however, it does not add in other costs such as labor, gasoline, etc.
For example, let’s say the city has a landfill tipping fee cost of $100/ton. If the city has 1 ton of
diverted Material X and pays a tipping fee of $10/ton for its disposal. The city saves $90/ton for
diversion ($100 landfill tipping fee - $10 cost of disposing of Material X).
The savings from diversion for the pilot study are:
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Recycled Material: $30.69/ton
o Recycled material has no tipping fee cost
Food scraps and yard waste: $15.64/ton
o The tipping fee for organics is $19.78. Subtracting this from the landfill tipping
fee yields $15.64/ton savings

The city saved approximately $3470 from the material diverted from the pilot areas. Figure 22
shows the monthly breakdown of the diversion savings for the entire pilot

Figure 22 Savings from Diversion: all areas
Figure 23 shows the breakdown of the savings by pilot area – Aggregate (yellow) and Volunteer
(blue). The results monthly results follow the same pattern as the income from recycling which is
what is expected.

Figure 23 Savings from Diversion: aggregated vs. volunteer breakdown
Figure 24 shows the details of the volunteer area’s savings from diversion (recycled savings in
yellow, food scrap in separate container savings in blue). Both the volunteer and the aggregate
areas collected recycled material, but only the volunteer area collected and recorded the weights of
the food scraps in a separate container.

35

Smarter Sustainable Dubuque Smarter Discard Pilot Report

Figure 24 Savings from Diversion: Volunteer recycling vs. food scraps
The savings from the recycled material is significantly higher than the food scraps because:



There is no tipping fee associated with the recycle material so savings is higher.
More volunteers participated in the recycling collection during the pilot study.

The total savings from the food scraps in a separate container was approximately $113. While this
number may seem small, it is still significant because it is not only saving the city money but it is
also reducing the amount of material going to the landfill. Also, this number does not include the
savings from yard waste or combined food and yard waste because that material was not weighed
as part of the pilot study. Therefore, the actual savings from diversion is higher than our current
estimates.
Extrapolating the savings from diversion across the entire city:



Savings from recycling at current participation rate: $120293
(=$3470*22000/1100*52/33)
Savings from food scrap separation (assume a 40% participation rate): $12,961
(=$113*22000*0.45/136*52/33)

This totals $133,254 annual savings by diverting material from the landfill at the current rate for
recycling and at a 40% participation rate for organics.
4.2.3

Tipping costs

The only costs we tracked in the pilot were those due to tipping fees. We did not include the cost of
labor, fuel, maintenance, etc. in this study.
The city incurs tipping costs for disposing of refuse ($30.69/ton during the pilot) and organics
($19.78 during the pilot).
Figure 25 shows the approximate combined tipping costs of both the aggregate and volunteer areas.
As noted in data analysis, there were some data collection issues with the refuse collection in the
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aggregated areas so the trends in this graph are valid, but the actual cost calculations for the
aggregated refuse tipping costs are slightly understated. The correct costs for this area can be
determined by using the scale weight of the aggregate area trucks.

Figure 25 Approximate Tipping fee costs of all pilot customers
Using the scale weights for the aggregated area and the reported weights for the volunteer area, the
total tipping cost for organics and refuse during the pilot was ~$10,143. The breakdown of the
costs is:



Aggregated:
o Refuse tipping costs: ~$8188
o Organic tipping costs: n/a
Volunteer:
o Refuse tipping costs: ~$1820
o Organic tipping costs: ~$135.

Figure 26 show the refuse cost by month of the aggregate and volunteer areas. The cost curves
follow the weight curves. Comparing the October costs to the April cost for both areas, the
Aggregate shows an overall decrease of 5% (which is most likely to do seasonality) and the
Volunteer area shows an overall decrease of 15%. It is believed that this decrease is partly due to
seasonality but also due to the citizen engagement activities.
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Figure 26 Tipping Cost: Aggregate vs. Volunteer
The monthly percentage change in tipping cost for the volunteer area was:







Oct->Nov 5.63% reduction
Nov->Dec 2.19% reduction
Dec->Jan 11.96% reduction
Jan->Feb 24.43% reduction
Feb->Mar
2.6% increase
Mar->Apr 19.94% increase

The increase from March to April can be partial explained by the restart of the organics pickup.
However, that does not explain the entire increase. Figure 27 shows the breakdown of the tipping
costs for the volunteer area, note that the refuse also increased. This changes needs further
investigation.

Figure 27 Tipping Costs: Volunteer Area by type
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Extrapolating the tipping costs across the city, with the following assumptions:
1. The City continued to citizen engagement activities and provided easier access to recycling
for the aggregate area, the overall refuse generated would be reduced
2. The City extends food scrap collection and has a participation rate of 45% of the
households.
3. The above activities lead to a reduction in refuse.

No change

5% refuse
reduction

10% refuse
reduction

15% refuse
reduction

Annual Refuse
weight

10850 tons

10307 tons

9764 tons

9221 tons

Annual Organics
weight (assume
45%
participation)

108 tons

108 tons

108 tons

108 tons

Total Tipping
cost

$335,122

$318,458

$301,793

$285,128

4.2.4

Conclusions & Recommendations from the Financial Analysis

The recycling collected from the 1100 households that participated in the pilot study brought
income to the city of approximately $3704. Diversion from landfill of the recycled material as well
as the food scrap organics saved the city approximately $3470. Giving a net income + savings of
$7174 across the participating households.
By continuing active citizen engagement and education, giving easier access to recycling and
addressing the “ick” factor of the food scrap collection, it is believed the city can continue to reduce
the refuse being sent to the landfill – thereby reducing cost and possibly creating additional income.
Using the data from the pilot and extrapolating to 22K households in the city, the tables below show
the impact of reducing the material sent to the landfill. Assumptions:
1. Citizen engagement helps decrease overall discard – but has a higher impact on the
material sent to the landfill.
2. To keep the estimates conservative, recycling does not increase at the same rate that the
refuse decreases. The table assumes that recycle material increase is 25% of the refuse
decrease.
3. Food scrap collection is extended to the entire city and has a 45% participation rate (9900
households). The amount of food scraps collected is simply extrapolated from the pilot
results.
4. Calculating the average recycle income/ton value by adding the actual data from May
2013-April 2014 and dividing by 12. ($31.66/ton)
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Extrapolated Weights
Maintain
refuse reduction:
current
5%
recycling/refuse
recycle increase:
levels
25% of refuse
reduction

refuse reduction:
10%;

refuse reduction:
15%;

recycle increase:
25% of refuse
reduction

recycle increase:
25% of refuse
reduction

Annual Refuse
weight

10850 tons

10307 tons

9764 tons

9221 tons

Annual Organics
weight

108 tons

108 tons

108 tons

108 tons

Annual Recycle
weight

3540 tons

3676 tons

3811 tons

3947 tons

Extrapolated Financials
Maintain current
recycling/refuse
levels

refuse reduction:
5%

refuse reduction:
10%;

refuse reduction:
15%;

recycle increase:
25% of refuse
reduction

recycle increase:
25% of refuse
reduction

recycle increase:
25% of refuse
reduction

Tipping Costs

$335,123

$318,458

$301,824

$285,159

Income from
Recycled
material

$112,076

$116,374

$120,664

$124,962

Diversion
+refuse reduction
savings

$109,821

$126,486

$143,120

$159,784

Net savings +
Income

$221,897

$242,860

$263,784

$284,746

If the refuse can be reduced by 15% and recycling increased by approximately 11% the city will
save approximately $50K in landfill tipping fees and earn an additional $13K in recycling income.
Because there are clearly financial advantages to reducing refuse and/or increasing recycling, it is
recommended that the City expand the citizen engagement activities and increase access to
recycling. It is also recommended that the City continue collecting and analyzing data to further
understand effects of seasonality as well as measure the effectiveness of various programs that are
put in place.
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5)

Final Summary & Recommendations

This section divides the Summary and recommendations into near, medium and long term
suggestions.
This section divides the Summary and recommendations into near, medium and long term suggestions.

1.1

Near term recommendations

The Smarter Discard Pilot which involved two different groups (Aggregate and Volunteer) collected discard
related data from sources from June 15, 2013 thru April 30, 2014. Analysis of this data results in the
following conclusions:
1.
While the recycle setout rate of the Washington Neighborhood was lower than that of the other
aggregate neighborhood, when customers did have access to recycling, the average weight of material per
customer was the same or higher than in the other aggregate neighborhood.
2.
Using on-board computing technology such as RFID to automatically record collection information
can give valuable insights into discard behavior.

3.
Requiring entry of data manually (whether actually recording of data or pushing a button) is error
prone and should be minimized. Systems should be either fully automated or have checking that flags
anomalous data.
4.
If manual entry is required, either automated or manual sanity checking of the data is needed in order
to ensure data integrity.
5.

Citizen engagement activities resulted in higher diversion rates for the volunteer group.

1.
These engagement activities helped the volunteers maintain a pro-active awareness of their discard
activities.
2.
Having “informational” emails with helpful hints seemed to be an effective way of getting the
volunteers to read the engagement emails.
3.
Reducing refuse will result in significant cost savings to the city. Similarly increasing recycling will
bring in additional income.
Because there are clearly financial advantages to the city (and therefore the taxpayers) to reducing refuse
and/or increasing recycling, the general recommendation that the City expand the citizen engagement
activities and increase access to recycling. It is also recommended that the City continue collecting and
analyzing data to further understand effects of seasonality as well as measure the effectiveness of various
programs that are put in place.
More detailed recommendations from the pilot are listed below:
1.
Create a pilot project that gives more/easier access to recycling services in the Washington
Neighborhood, along with education about the easier access. Measure the results of the pilot to determine if
the recycle setout rates and total weights increased.
2.
When choosing on-board computing technology for any area of discard, ensure that the procedures for
the crew are completely automated. If they cannot be, ensure the system where the data is being collected
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and analyzed and automatically flag potential anomalies in the incoming data so that the issues can be
addressed promptly.

3.
Assuming there is some amount of manual work required for collecting data, keep in regular
communication with those doing that work so they understand how this information is being used and why it
is important.
4.
Expand the citizen engagement activities to educate and create a more active awareness about discard
activities across all residences. The expanded engagement will lead to reduced refuse and possibly an
increase in recycling.
5.
Investigate and pilot other methods of minimizing the “ick” factor for food scrap collection in order to
get a higher participation rate.

1.2

Medium term recommendations and visions

Applying the pilot insights to the long term/bigger picture, we see that sustainable practices around the waste
stream provide a quantifiable benefit to the environment, the city and local economy by. A good example can
be found in Hormel foods. Their data for their organization can be found
at http://2013csr.hormelfoods.com/environment/solid-waste/ Specifically:
- As an organization an aggregate 80% of product packaging by weight is recyclable and/or made from
recyclable materials - specific packaging projects resulted in savings of 800,000 lbs of packaging material
- Depending on the nature of the food waste and the location of the generation, Hormel food waste can be
used as animal feed, a feedstock for anaerobic digestion, a composting substrate, or as a synthetic nutrient
substitute.
- As an organization in 2013 Hormel reduced solid waste sent to the landfill by 1000 Tons
These kinds of practices show that companies like Hormel positively impact our community by not only
creating jobs that support our manufacturing base they have a direct environmental and economic impact on
the City by reducing their solid waste stream that goes to the landfill directly from their processing practices
as well as by the materials used in the packaging of their product. Also by creating a more innovative and cost
effective way to produce their products such as the work they're doing on packaging they are a competitive
market leader that will most likely retain and potentially grow their business in Dubuque.
It is recommended Greater Dubuque Development Corporation and/or the city if Dubuque engage Hormel
and other local organizations like them that are not only "talking the sustainability talk" but "walking the
walk" translating their corporate/organizational metrics to "Dubuque numbers" for a meaningful and
relevant indicator of the value of sustainable discard practices and supply chains.

1.3

Long term recommendations and vision

Thinking even longer term, The city of Dubuque should consider activities to eventually to create local
“closed loop” supply chains where a company sends it “discard” to a local recovery company who uses it to
produce material that can be sold to another local company who uses it in the manufacture of their
product. This local closed loop supply chain brings new businesses as well as jobs to the area. One example
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is the “Recovery Trifecta” that was created by Polyrecovery (http://www.polyrecovery.com) in NH. It
involves 3 companies:
-

a brewery that provides waste “strapping” material to Poly recovery (which is within a few miles

-

Poly recovery processes the strapping creating materials that can be used to manufacture new product.

Poly recover sells this recovered material to another local company which uses that material (instead of
buy raw materials) to manufacture carpet for vehicles.
This model creates local jobs, reduces cost for the companies involved due to lower transportation costs, and
reduces carbon emissions.
The Smarter Discard Pilot showed the tip of the iceberg in terms of how the city and businesses can benefit,
both financially & environmentally, from reducing refuse and increasing recycling. The City of Dubuque is
well positioned to continue its work in Smarter Discard, and become a model of sustainability by enabling
the creating of closed-loop supply chains bringing business and jobs into the local area.

43

Smarter Sustainable Dubuque Smarter Discard Pilot Report

Appendix A: Volunteer Pilot Timeline

The Smarter Discards pilot consisted of (or was affected by) several distinct threads of activity.
This table lays them out over time, with the principal threads being VOL (the volunteer pilot
project which employed the volunteer portal – the focus of this report); AGG (collection of
aggregate data from two neighborhoods); and DBQ (actions by the City of Dubuque Waste
Management department)

Dates

Thread

Event Description / Notes

March, 2013

Volunteers

Recruiting begins for pilot volunteers

June 3, 2013

Aggregate

Aggregate data collection begins

August 5, 2013

Volunteers

Friends/family pre-pilot testing of Portal begins.

September 15, 2013

Volunteers

Volunteer pilot begins and the Discards Portal officially
opens. During the first two weeks, 42 distinct participants
log on for the first time over the next two weeks; first-timer
log on rate falls to 3 – 4 a week for subsequent weeks.

October 24, 2013

Volunteers

Survey 1 of volunteers (open for about 2 weeks)

November 24, 2013

Volunteers

Citizen engagement weekly emails begin. 20 new
first-timers log on over the next month; the number of
returning participants doubles over the rest of the pilot

November 30, 2013

Dubuque

Organic waste collection ends for the winter

April 1, 2014

Dubuque

Organic waste collection re-starts

April 30, 2014

Aggregate

Aggregate Data collection ends

May 2, 2014

Volunteers

Volunteer pilot ends and the Discards Portal officially
closes

May 5, 2014

Volunteers

Survey 2 of volunteers (open for about 2 weeks)
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Appendix B: List of emails (NotifyMe) and
events for Smarter Discard.

DATE
8/5/13
9/10/13
9/20/13
9/24/13
9/25/13
10/24/13
11/6/13
11/18/13
11/27/13
11/27/13
12/5/13
12/9/13
12/9/13
12/10/13
12/11/13
12/12/13
12/16/13
12/18/13
12/19/13
12/26/13
1/2/14
1/6/14
1/8/14
1/9/14
1/10/14
1/17/14
1/27/14
1/31/14
2/3/14
2/3/14
2/12/14
2/14/14
2/18/14
3/4/14
3/5/14
3/7/14
3/10/14

EVENT
"Friends and Family" beta testing begins
City Expo
Discard Portal goes live for all volunteers
Growing Sustainable Communities Conference
Growing Sustainable Communities Conference
Survey is sent out in coordination w/ University of Dubuque
Survey closes
Anderson accepts Smarter Discards internship
NotifyMe about Thanksgiving discarding
NotifyMe about new organic waste collection
NotifyMe about curbside recycling event
Curbside Recycling event with Bev Wagner
NotifyMe about curbside recycling event
NotifyMe about giftwrapping event
NotifyMe about logging in to portal
NotifyMe about portal updates
NotifyMe about holiday gift wrapping event
NotifyMe about portal outage
Giftwrapping Event
NotifyMe about holiday recycling
NotifyMe about food waste reduction workshop
NotifyMe about portal outage
NotifyMe about tips on electronics recycling
Food Waste Reduction Workshop
NotifyMe about food workshop
NotifyMe about food scraps
NotifyMe about reducing food waste
NotifyMe about Jitters coffee event
NotifyMe about maintenance
Jitters coffee event
NotifyMe about Facebook page
NotifyMe about Valentine's Day
NotifyMe about discarding article
NotifyMe about maintenance
NotifyMe about recycling* (sent twice)
NotifyMe about recycling event
Recycling Event
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3/11/14
3/12/14
3/14/14
3/18/14
3/26/14
3/31/14
4/4/14
4/17/14
4/25/14
4/26/14
4/30/14
5/1/14

NotifyMe about upcoming events
NotifyMe about an upcoming clothing reuse event
NotifyMe about Facebook page* (sent twice)
NotifyMe about an upcoming clothing reuse event
NotifyMe about eco-friendly spring cleaning
NotifyMe about curbside food scrap program resuming
NotifyMe reminder about curbside food scrap program resuming
NotifyMe about recycling home appliances and electronics
NotifyMe about the conclusion of Smarter Discards
Home appliance and electronics recycling event
NotifyMe about the conclusion of Smarter Discards
Smarter Discards closing celebration
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