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introduction
On a warm summer morning in August 2009, 
Flora steps off a bus in front of the Seattle Central 
Library, with a ratty old sneaker in hand. Weaving 
her way through a motley crowd of college 
students, families, and professionals gathered at 
the library entrance, she notices that everyone is 
carrying a unique object; one person has brought 
a laptop, another drags an empty propane tank, a 
young girl clutches a stuffed bear.

Eventually, Flora finds a group of MIT research-
ers huddled over a plastic tarp, and asks them, 
“Is this where I can track my trash?”

***
Trash Track began with a simple idea, to  
understand where our garbage goes once it 
has left our sight. Technology now enables 
us to track the movement of any man-made 
object from its creation to its disposal, and the 
systems governing where our trash ends up 
are both incredibly complex and rarely under-
stood. Waste travels an elaborate network of 
transfer stations, landfills, and reprocessing 
plants, by truck, train, boat, and plane, and is 
constantly rerouted by regulations and mar-
kets. We wanted to understand how well this 
infrastructure functions, and how individual 

actions like throwing away a mobile phone 
translate into wide-scale consequences.

***
The researchers pepper her with questions 
about herself and trash collection in her neigh-
borhood, and are curious about why she brought 
a sneaker. Flora talks about its sentimental 
value, having worn the shoe when running her 
first marathon. A nearby volunteer jokes, “It 
would be fun to see how many more miles this 
sneaker will be able to travel on its own!”

One of the researchers takes a photo of the 
shoe, inserts a small electronic device into the 
toe, and pours in some quick-setting foam 
until the device is concealed from view. After a 
minute the foam hardens completely, and she 
hands the shoe back to Flora. “Please throw 
this away at least ten blocks from the library,” 
they instruct her.

Flora returns home, stopping to toss the shoe 
into a dumpster outside her apartment. Once 
inside, she sends the MIT researchers a quick 
email detailing where she threw away the shoe 
and at what time. Her work is finished. Trash 
Track has begun

An active location sensor for tracking waster items, developed at Mit.



***
On paper, the experiment design was straight-
forward: create small electronic ‘tags’ that 
could automatically communicate their posi-
tion back to us, embed the tags in pieces of 
trash, and disperse them in the city, observing 
their movement over time. In practice, Trash 
Track turned out to be quite complicated, and 
its results raw and open to interpretation. 
From this data we sought to achieve two goals: 
analyze how effective waste removal is today, 
and show the general public how these sys-
tems work through maps and visualizations.

***
In late September, Flora spots an update on 
her Facebook page, announcing that the Trash 
Track exhibit is now live and publicly viewable 
at the Seattle Central Library. That weekend, 
she makes her way back to the library. At the 
installation, she sees two projectors, cycling 
through pictures of trash and maps of Seattle, 
with animated dots and lines darting across 
the cityscape. For a while, she is transfixed by 
the video on one screen, showing the inside 
of a recycling plant and how workers manually 
sort mountains of trash on conveyor belts.

Turning her attention to the other screen,  
she recognizes a picture of her shoe hovering 
over her apartment. A bright line extends from 
the building, tracing the path of the shoe as 
it traveled across Seattle, south to Portland, 
Oregon, and veering east to rest somewhere 
along the Washington-Oregon border. Small 
labels pop up on the screen, indicating places 
where the shoe might have stopped along this 
path: a Seattle-based recycling/transfer center, 
a train station strewn with shipping containers, 
industrial facilities near Portland International 
Airport, and the Columbia Ridge landfill in rural 
Oregon. She is surprised by how far the shoe 
has traveled since she threw it in the dumpster.

 
***

By having our trash “talk” to us, we sought 
to connect people with an urban infrastruc-
ture that is both ubiquitous and inscrutable. 
We had to demonstrate how this information 
could inform infrastructure planning at the 
city, regional, or international scale, as well 
as trash disposal decisions at the individual, 
human scale. In doing so, our research raised 
questions about the logic of waste removal, 
the environmental value of information, 

urban sustainability, and visions for future 
cities. As a result, Trash Track has sparked 
debates both in public and private venues 
that are just as important as its engineering 
accomplishments.

***
A young man standing nearby is also observ-
ing the exhibit, and asks Flora what it is about. 
Flora explains how she got involved with the 
Trash Track project, donating her shoe to the 
cause and helping deploy the tag into the waste 
stream. She even remarks that, at over 300 
miles, her shoe has traveled at least ten more 
marathons since leaving her home.

They talk about some of the other traces 
projected on the screen, plastic bottles and 
computer monitors and paint cans, and specu-
late as to why some items seemed to travel so 
far. The young man seems more interested in 
e-waste, as he works for a company that sells 
cell phones and batteries, and he notes that cell 
phones are some of the farthest traveling items. 
He wonders aloud if there might be a more ef-
ficient way to recycle these devices locally.

Flora disagrees, replying, “I’m not sure if I want 
a factory dealing with those kinds of chemicals 
so close to where I live…”

Vision
Drawing the connection between my garbage 
and where it goes creates a sense of responsi-
bility. Hopefully it will help me bridge the gap 
between my consumer choices and making the 
planet a little cleaner.
— Trash Track volunteer survey

***
A popular urban myth claims that the Great 
Wall of China is the only man-made structure 
visible from space. In truth, this would ignore 
an even larger man-made structure, the 2,200-
acre Fresh Kills Landfill on Staten Island, once 
the principal garbage dump of New York City 
for over half a century. Today, Fresh Kills is a 
Superfund site, shut down to new incoming 
waste, contaminated with hazardous sub-
stances, and continuously monitored by the 
Environmental Protection Agency at great 
expense. New York’s garbage must now go 
farther away to be buried.

Waste removal remains a hidden in-
frastructure of our cities; we consider it 

functioning well when it interferes as little 
as possible with our everyday activities. Yet, 
waste generation continues to rise each year, 
and the fates of the unwanted materials moved 
by this system are now understood to have se-
rious impacts on our health and safety. When 
landfills reach capacity and fuel costs rise, 
the practice of sending our trash away from 
the city for disposal becomes increasingly 
unsustainable. As environmental concerns 
gain traction, citizens are raising questions 
about the workings of the waste removal 
system, especially regarding the efficiency and 
ecological benefit of recycling programs. Does 
it really help to sort, transport, and reprocess 
our trash? Are there fundamental flaws in our 
regulations, in our infrastructure?

***
Facilitated by new technologies, the Sentient 
City talks back to its citizens, and will answer 
these questions and more for us. Aspects of 
this scenario are already starting to material-
ize: with the proliferation of mobile, location-
aware technology in the form of cell-phones, 
navigators and other personal devices, an 
unprecedented amount of information is 
constantly generated. Creating new services 
for these emerging platforms, cities and public 
institutions have begun to share their datasets 
and provide public gateways for accessing this 
ubiquitous information in real time. By law, 
public information had always been accessible 
to everyone, but it is important to distinguish 
between haphazard access to raw data and 
a more active, streamlined distribution. Real 
time information presented in machine-read-
able format can be reprocessed, recombined, 
and reflected upon, finding new purposes lim-
ited only by the imagination of the community.

The Bay Area Rapid Transit organization, 
for example, provides access to real time ve-
hicle positions, schedules, and alerts about its 
service, making San Francisco one of the first 
cities to boast a subway with an Application 
Programming Interface (API) (Bay Area Rapid 
Transit 2008). Using this data source, indi-
vidual developers, the industry and the public 
sector have built an infrastructure of mobile 
applications, web mash-ups and public dis-
plays that connect the information from the 
subway system to many aspects of daily life.

But the Sentient City does not only “trickle 
down” information provided by institutions 
and public services. It also offers citizens new 

ways of getting involved and providing input. 
Increasingly, cities make use of this approach in 
order to gather information directly from their 
citizens. New York’s “311 online” project allows 
citizens to complain about rude taxi drivers, 
suggest improvements to public services and 
collect information about the condition of urban 
infrastructure (New York City Government 
2010). All this can be accomplished directly 
using smart phones, instantaneously, on 
location. The fact that almost all of the data 
generated by these mobile services comes with 
location metadata is often called ‘Hyperlocality,’ 
which represents the organization of digital 
information strictly by the geographic coordi-
nates where it was generated. Hyperlocality is 
thus crucial to interpreting and contextualizing 
information generated in different places.

In some situations, the Sentient City can 
even bypass public institutions completely. 
Situated technologies create information eco-
systems constituted entirely by the interactions 
between citizens. These ecosystems do not 
rely on central authority to mediate information 
exchange. Instead, mutual reviews and assess-
ments by the participating individuals can 
establish a distributed system of reputation 
and trust. Platforms such as Ushahidi combine 
mapping, real-time data feeds, news aggrega-
tion and other tools for collaboration (Okolloh 
2009); originally designed to provide a quick 
and self-organized way to coordinate actions in 
a catastrophic situation, these kinds of plat-
forms also have great potential for planning 
and improving everyday services and infra-
structures without the weight of bureaucracy.

***
As the proportion of world population liv-
ing in cities continues to rise, so too does the 
importance of well-functioning urban infra-
structures, services, and ecologies. Monitoring 
and maintaining the health of these systems 
is crucial, because the stakes have never been 
higher. The complexity of controlling conges-
tion, crime, pollution, and other urban ills 
increases with population; an infrastructure 
failure can produce catastrophic results. One 
way to manage this complexity on the scale of 
the city is through ubiquitous computing and 
sensing, made accessible to the public.

The technologies that enable this go by 
many names: ‘Blogjects,’ ‘Smart Dust,’ the 
Internet of Things. These concepts are founded 
upon Mark Weiser’s vision of “The Computer 
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for the 21st Century,” a ubiquitous logic deeply 
embedded in everyday environments and 
actions (Weiser 1991). His vision liberates 
information from the virtual space behind the 
screen. Instead, technology is seamlessly em-
bedded in every object, effortlessly integrated 
into daily routines. Arranging smart objects 
on a table triggers meaningful computational 
interactions, just as command sequences do 
on a traditional computer. Using sensor data, 
phones automatically recognize social context, 
such as a meeting or film screening, and adjust 
their behavior accordingly.

This idea extends to scenarios where every 
object can sense relevant information about its 
environment, infer the situation, and sponta-
neously communicate with nearby devices or 
broadcast its state to the world. Julian Bleecker 
dubbed these blogging objects, or ‘blogjects’ 
(Bleecker 2005). Alternatively, as sensing 
devices miniaturize and distribute pervasively, 
they become smart dust, an invisible, intelli-
gent infrastructure for real-time environmental 
sensing. Through such transformative technol-
ogies, the Sentient City can meet our growing 
demand for rich, accurate, timely information.

Smart dust, in particular, was a useful 
starting point for investigating the movement 
of garbage. We scattered our location sensors 
into the removal chain like dust particles in the 
wind, with no hope of retrieving them after-
wards. The sensors journeyed within heaps of 
trash, detected their own locations, reported 
back to our servers, and allowed us to observe 
the unseen infrastructure they inhabited. 
Eventually, their batteries depleted and their 
circuits were damaged from wear and tear, they 
stopped speaking and became indistinguish-
able from the surrounding trash.

***
In 2008, journalists from Greenpeace inves-
tigated rumors of electronic waste export-
ing, a legal practice in the United States, but 
outlawed in most countries of the world as a 
result of the International Treaty of the Basel 
Convention. The journalists embedded GPS 
sensors into television sets that were broken 
beyond repair, and brought them to a local 
recycling facility in the UK. Despite legislation 
banning the movement of e-waste between 
nations, the defunct televisions were tracked 
all the way to Nigeria, where they were likely 
illegally dumped.

Waste removal is a complex process, 
subject to myriad regulations and multiple 
exchanges that are difficult to track. Potential 
for fraud has always existed in this tangled 
web, driving a long history of organized crime 
control over the industry in various parts of 
the world. Most often this disproportionately 
affects poorer areas over wealthier ones, rais-
ing questions of environmental justice when 
the consequences threaten public health. 
Globalization has made these transboundary 
issues, as people attempt to cheaply export 
hazardous waste to countries with lax regula-
tions, instead of complying with local stan-
dards. Paradoxically, the very regulations that 
should prevent misuse have generated a grey 
market for waste, where profit can be made 
by bypassing legal procedures.

The sheer volume of garbage that we 
generate also threatens sustainability. Goods 
consumption and garbage production are con-
stantly rising, yet safe and affordable landfill 
space is becoming harder to find. In addition, 
most small regional landfills at the urban 
fringe have been shut down, as cities have ex-
panded and pushed out these practices. As a 
result, waste travels much further than before, 
using more energy and producing more emis-
sions. Furthermore, closed landfill sites often 
carry toxic legacies that require remediation 
and constrain later land use; thus hazardous 
waste disposal becomes especially costly and 
vulnerable to fraudulent practices.

***
To ensure responsible waste removal, the 
proximity principle, as outlined in the Basel 
Convention, demands that waste is disposed 
of as close as possible to its source (Kummer, 
1999). However, waste removal chains are 
often inadequately monitored to ensure 
enforcement. Such chains can involve many 
different companies, but very little informa-
tion is passed between them; a standardized 
information model for tracking waste does 
not exist. As a result, current procedures for 
monitoring the process rely on paper proto-
cols and voluntary evaluations of facilities, a 
system built almost entirely on trust.

As the “following the e-waste trail” project 
by Greenpeace shows, technology can over-
come many of these obstacles (Greenpeace 
International 2008). Active GPS-based loca-
tion sensors can effectively monitor indi-
vidual waste items anywhere in the world, 

highlighting potential abuse. Because sensors 
are irretrievable once thrown away, GSM 
(Global Standard for Mobile Communications) 
and other mobile phone networks are impor-
tant infrastructures for real-time communi-
cation. Online databases collect and store 
this data remotely; advanced analytical and 
mapping software allow us to make sense of 
massive amounts of location data and pick 
out patterns from the noise.

There are also low-tech methods of track-
ing the motion of refuse, like relying on many 
volunteers to act as temporary sensors. A fa-
mous naval spill of 29,000 rubber toys in 1992 
enabled a long-term study of ocean currents 
in the Pacific. Oceanographers Ebbesmeyer 
and Ingraham recruited local residents, 
visitors, and beach workers to recover toys 
being washed ashore in Alaska. Based on the 
locations of around 400 found toys, scientists 
refined their models of oceanic currents and 
correctly predicted the trajectories of the 
remaining toys (Ebbesmeyer et al. 2007). This 
demonstrates what can be achieved by en-
gaging a community even without expensive 
tracking technology.

Beyond the tracking process itself, there are 
important precedents for communicating our 
observations to the public. One relevant prior 
work is Eric Paulos’ Jetsam project (Paulos and 
Jenkins 2005), which sought to improve public 
awareness of waste issues. They deployed a 
trash bin in public space that was equipped 
with various sensors and network connectivity. 
This ‘augmented trash bin’ gave feedback to 
its users by displaying statistical information 
about collected waste via projected visualiza-
tions. Such real-time feedback can deliver 
information about waste disposal in an intelli-
gible, resonant way, and could potentially drive 
greater awareness and behavioral change.

These examples are at the core of what 
we are after. Yet, Trash Track goes beyond 
all of the above approaches, using pervasive 
technologies and volunteer mobilization to 
expose challenges of waste management and 
sustainability to the world. It builds on pre-
vious work by the SENSEable City Lab that 
explores how the increasing deployment of 
sensors and mobile technologies radically 
transforms our understanding and description 
of cities. The project is an initial investigation 
into understanding the removal chain in urban 
areas, and represents a model for change that 
is taking hold in cities: a bottom-up approach 

to managing resources and promoting envi-
ronmental awareness. Trash Track hints at an 
important, but little discussed aspect of the 
vision described as the Internet of Things. As 
argued by the novelist Bruce Sterling, we can 
direct every object to the optimal reuse sce-
nario and ultimately achieve a condition with 
zero waste, if we know where all things are in 
the world (Sterling 2005).

technology Design
The whole project has made me much more 
optimistic about our ability to find solutions to 
big, complex problems. Seeing how the people 
involved in the project are using their creativity 
and scientific expertise to tackle something as 
mundane yet complicated as trash disposal is 
very encouraging. 

— Trash Track volunteer survey

***
The Trash Track project was conceived in the 
summer of 2008 as a proposal for the Toward 
the Sentient City exhibition, organized by the 
Architectural League of New York. Rex Britter, a 
visiting scientist with the SENSEable City Lab, 
suggested the idea of tracking garbage in the 
city in order to better understand the collection 
of waste — which Bill Mitchell dubbed the ‘re-
moval chain’ as the counterpart to the supply 
chain — and eventually improve its logistics. 
Tracking trash intrigued us both as a window 
into its environmental impact on the city and as 
an extension to the Lab’s past work in diffuse 
pervasive digital sensing to explore the physi-
cal context of the city.

The Trash Track concept also raised ques-
tions and concerns in its developmental phase. 
Was the inevitable deposit of potentially toxic 
tracking electronics into landfills contrary to the 
environmental goal of the project? Any dem-
onstration of this technology would inevitably 
produce a small amount of electronic waste, 
but the knowledge and information obtained by 
tracking waste products could provide enor-
mous benefits outweighing the risks. Thinking 
ahead to the future, it will be possible to carry 
out projects like Trash Track in more environ-
mentally friendly ways. Rapid miniaturization, 
organically based batteries, and self-powering 
methods will all contribute to the greening of 
electronic sensing devices.
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***
While our initial concept of tracking trash was 
relatively simple, a number of constraints 
complicated development and implementation. 
Due to the wide variety of waste items, mate-
rials, and treatment processes, we needed a 
large number of tags to track a representative 
sample; distributing ten or twenty tags would 
yield only anecdotal results. It was also im-
practical to try to recover and reuse tags once 
they entered the waste stream. For both of 
these reasons, it was crucial that the tags were 
obtainable at very low cost.

The range and variety of trash paths made 
them impossible to predict a priori, so it was 
critical that the tags were able to self-locate 
and transmit their location information from 
anywhere in the country. Finally, due to the po-
tentially long travel time of trash, our sensors 
required long-lasting battery performance that 
was not easily met by off-the-shelf commercial 
solutions. Most available devices have to be 
recharged every few days; when potentially 
following garbage for months, this was not 
feasible. 

Given the costs of active sensors, pas-
sive RFID (radio-frequency identification) tags 
seemed like an attractive alternative. RFID was 
already commonly used to track items in retail 
supply chains; the low price of these tags made 

them cost-effective to deploy in large numbers. 
However, as a near-field localization technol-
ogy, RFID would have required an additional 
network of tag reading devices, deployed at ev-
ery potential stop and destination in the waste 
stream. Besides the prohibitive cost of building 
this network from scratch, an RFID solution 
would also be unable to track the most interest-
ing cases of trash, those that went astray from 
expected paths.

Therefore, active-reporting infrastructure 
was critical to tracking object movement in an 
unconstrained system like the waste removal 
chain. We chose a tracking technology based 
on the GSM cell phone network, since it not 
only provided a solution for location sensing, 
but also offered a communications channel for 
reporting the sensed locations back to us. By 
identifying cell towers in the proximity to the 
device and triangulating their known coor-
dinates, GSM could provide coarse-grained 
location sensing. In addition, the GSM network 
allowed sensors to actively communicate back 
through those cell towers.

***
Two generations of Trash Tags were devel-
oped at MIT by utilizing an off-the-shelf GSM 
data modem chipset, microcontroller, motion 
sensor, and a custom printed circuit board 

with an integrated trace antenna. After gaining 
deployment experience with the first genera-
tion tags, a new design was developed prior to 
the second production run. This development 
process focused on simplifying tag design 
in order to (1) reduce power requirements to 
reduce battery size, (2) shrink form size using 
a low-cost, small antenna design, (3) consume 
fewer electronics and improve environmen-
tal performance, and (4) minimize packaging 
without sacrificing the robustness needed to 
survive impacts in the removal chain.

To minimize power consumption, the tags 
were equipped with an algorithm that would 
awaken the tag upon detection of motion by the 
motion sensor. Tags would scan all channels 
and bands for cell towers; locate the strongest 
twelve cell sites nearby and store their iden-
tification information. Subsequently, the tags 
compressed tower reports into Short Message 
Service (SMS) messages and periodically sent 
them to a server; low frequency of communica-
tion was critical to maximizing battery life. In 
terms of environmental performance, the sec-
ond generation of tags was lead-free and used 
components containing very little or negligible 
hazardous substances. As a result, the GSM 
tags complied with environmental standards 
such as the European Union’s Restriction of 
Hazardous Substances Directive, designed to 

reduce the disposal of hazardous substances in 
electronic equipment.

The final deployment used tracking devices 
developed separately by Qualcomm. These 
took advantage of GPRS and GPS technology 
to deliver more accurate location reports. The 
Qualcomm tags were similar in size to previous 
generations, and had a sleep mode for conserv-
ing energy, a crucial feature for our experiment. 
Rather than activating on motion, the sensors 
were configured to report their location every 
three to six hours; we chose several different 
reporting cycles to balance between the need 
for longer battery life and for more detailed 
traces in space and time.

Evaluating tag performance in the field 
revealed three important limitations: battery 
life, failure rates and accuracy of the location 
reports:

— It was difficult to clearly define expected 
battery lifetime because of the varied nature of 
the conditions experienced by individual tags. 
Since the sleep mode is very low power rela-
tive to when the cellular module is active, the 
lifetime was strongly affected by the amount 
of time that the tag was actually in motion, and 
by the algorithm for turning on the system in 
response to vibration. Based on our data, we 
estimated that our tags had sufficient energy 
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to operate for 20-30 hours when constantly in 
motion, and from 3-6 months in sleep mode.

— We noticed that about 20% of the tags either 
reported very short traces or failed to send 
a report at all. Tags could have failed for any 
number of reasons: destruction during the 
waste removal process, arriving somewhere 
the transmission signal was blocked, hardware 
malfunctions of the tracking device, or human 
errors resulting from volunteers not disposing 
of the tagged item. We found that failure rates 
depended heavily on the packaging strategy 
and type of trash; battery failure turned out to 
be less of a problem than physical destruction.

— The location reports we received had limited 
resolution in time, due to the power-conserving 
measures explained earlier. However, the 
resolution was sufficiently high for inferences 
about the route and the mode of transportation. 
The accuracy for GSM based localization can 
be estimated at about 250 m. GPS localization 
significantly improved this accuracy. However, 
since the GPS signal required a clear view of 
the sky, this feature was not always available.

Deployments
The blend of technology, information systems, 
and my own lack of concrete knowledge about 
where trash goes were the primary catalysts.  
A strong feeling that I wanted to influence 
others in the Seattle area to get involved at the 
local level was a secondary — but still impor-
tant — motivation.

— Trash Track volunteer survey

***
Over several phases of the Trash Track proj-
ect, we distributed a total of 3,000 sensors in 
the cities of Seattle, New York, and London.

The initial field test of trash tags took place 
in June 2009 in Seattle, Washington. Our pri-
mary goal was to test the tags’ performance 
once they had entered the waste removal 
stream. We also wanted to sample data from a 
wide distribution of disposal locations across 
the city. Driving to these target locations, we 
found many objects simply lying around on 
streets and empty lots. Examples included 
beverage containers and newspapers, toys 
and batteries, cell phones and computers, ap-
pliances large and small, furniture and cloth-
ing, and hazardous materials and car parts.

We tagged each of these found items, try-
ing out different techniques for attaching them 
securely. Tagged objects were then dropped 
into public garbage bins, brought to recycling 
centers, returned to retailers via take-back pro-
grams, dropped on the curbside of residential 
homes, or, in a single case, left provocatively 
in public space. We quickly realized that ad-
ditional measures were necessary in order to 
protect the tags from physical damage, ensure 
proper signal transmission, and conceal them 
to prevent manual removal. In order to achieve 
these partially conflicting goals, we experi-
mented with different methods for protecting 
the sensitive devices.

This turned out to be an assembly prob-
lem of a very peculiar kind, since we needed 
to be able to secure a tag to a wide range of 
materials and geometries. Encasings of latex 
mold rubber and carbon fiber provided ef-
fective protection, but were too complicated 
and time-consuming to produce on the site of 
deployment. We settled on a process which 
covered the sealed tag with a 1-2 inch thick 
shock-absorbing layer of sturdy foam based 
on epoxy resin, a quick-setting material also 
used for insulating and patching boat hulls. 
For some electronic waste, tags could also 
be embedded into the interior circuitry of 
the object. Special care was given to devices 
with metal cases, to prevent Faraday cages 
from blocking of blocking wireless signals.

***
The following August, we distributed an ad-
ditional 600 tags in the city of Seattle, using 
a threefold approach. A portion of the tags 
was distributed during a public event at the 
Seattle Central Library, at which volunteers 
each brought to us an object to be tagged, 
which they would then disposed of. For a 
second portion of tags, our team arranged to 
visit volunteers at their homes, attaching tags 
to their prepared garbage objects and having 
the volunteers dispose of them as they nor-
mally would. Finally, the remaining tags were 
deployed directly by our team across the met-
ropolitan area, covering the full range of mate-
rials and garbage types (such as plastic, metal, 
e-waste, etc.), different geographic areas, and 
a variety of garbage disposal methods.

We were struck by how strongly the public 
responded to the project. Within two days of 
sending out a newsletter announcement in 
Seattle calling for volunteers, we had received 

more than 200 responses - far beyond our 
expectations. It suggested just how engaged 
the general public could become in researching 
where trash goes. This also contributed to our 
decision to set up subsequent deployments of 
many tags with expanded involvement by local 
volunteers. Following our August experiment in 
Seattle, two smaller experiments were carried 
out in the cities of New York City and London.

In September of 2009, preliminary results 
from these efforts were shown to the public 
in exhibitions at the Seattle Public Library and 
the Architectural League of New York. In both 
exhibitions, a real-time visualization based on 
collected sensor data provided a compelling 
portrait of the journey of the tracked garbage, 
item by item. Each representation included 
a photo with the description of the disposed 
object, where and when it was thrown away, 
and an animated view of the object’s trajectory 
though the waste system. These data visualiza-
tions were combined with a video composed 
by German artist Armin Linke for this exhibi-
tion, which showed scenes from the inside 
of waste management facilities, juxtaposing 
clean abstract data with the brute physicality 
of waste.

***
In October 2009, building on experiences 
from this initial phase and the exhibitions, we 
prepared for our largest deployment to date. 
In order to launch 2,200 location sensors in the 
metropolitan area of Seattle, we extended our 
collaboration with local citizens. We recruited 
volunteers through an open call in local media, 
in which we asked them to provide garbage 
items from their own households according to 
a wish list of items. From the pool of volun-
teers who registered through our web site, we 
selected around 100 homes to visit, in order 
to achieve an even geographic distribution of 
disposal points across the whole region.

During the following three weeks, four 
mobile deployment teams visited the homes 
of selected volunteers, elementary and high 
schools, and private institutions. The Seattle 
Central Library served as a base of operations 
for preparing the tracking devices and the 
materials necessary for the deployment, as 
well as for training lead volunteers who joined 
us during visits to homes. On site, the team at-
tached tags to trash using layers of protective 
epoxy foam, and documented each item, its 

material properties, and the time and location 
of its disposal.

In order to achieve a diverse and repre-
sentative selection of household wastes, we 
prepared a ‘wish list’ and some guidelines for 
what we were looking for. Two main factors 
shaped the selection of trash for tagging:

— Primarily, the list was based on the tax-
onomy used by the Environmental Protection 
Agency to divide municipal solid waste into 
categories based on contained materials 
(Office of Solid Waste 2008b). These material 
categories include organics, paper and pa-
perboard, glass, plastics, metals, and rubber, 
leather and textiles.

—The second important influence in selecting 
products was the nature of the waste collec-
tion system in Seattle. In this system, different 
mechanisms capture different types of waste; 
for example, single-stream curbside recycling 
collects aluminum cans, while food and yard 
waste collection handles organic scraps, and 
fluorescent light bulbs are collected at house-
hold hazardous waste centers (Seattle Public 
Utilities n.d.).

Extra consideration was given to emerging 
waste categories such as discarded cell phones, 
computers, fluorescent bulbs, and other house-
hold hazardous waste, which are increasingly 
prevalent in the waste stream (Office of Solid 
Waste 2008a). These emerging waste sources 
have an array of disposal mechanisms, many of 
which are provided by private sources, such as 
manufacturer take-backs, store drop-offs, and 
mail-in programs. The collection rates through 
these mechanisms, as well as their environ-
mental impacts and trade-offs, are not as 
established as those of municipal solid waste.

***
While we varied and refined our procedures 
throughout the project, each of these deploy-
ments actively involved local citizens. Besides 
creating public awareness about the project, 
its goals, and the questions it raises, this also 
ensured that we could distribute our tags in a 
way that closely matched how people in that 
city actually disposed of their trash. Recruited 
volunteers came from local neighborhoods, 
schools, public libraries, institutions, and 
companies, collectively providing an incred-
ible array of garbage items. Volunteers also 
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joined us in attaching sensors to waste items 
and documenting the process. Some drove 
us in their private cars to deployment loca-
tions across the city. Finally, volunteers were 
instrumental in spreading the word and help-
ing to recruit others for the experiment. Most 
volunteers who signed up for the experiment 
had a strong interest in environmental issues 
and technology. When asked for their reasons 
for participating, they expressed curiosity and 
a lack of information about the waste man-
agement process.

Results
I hadn’t thought about the trash having multiple 
stops between me and a landfill. I also realized I 
have no idea where my local landfill is.
—Trash Track volunteer survey

***
The Trash Track deployments in Seattle pro-
duced multitudes of data; each electronic tag 
regularly reported its location up to the point 
of its destruction or permanent loss of signal. 
Thus, the data could be visualized as traces 
in space and time, following each trash item’s 
path from its disposal point to its last known lo-
cation. Coupled with descriptions and pictures 
of the trash, we were able to show how differ-
ent types of waste traveled across the country.

However, these traces alone could not tell 
us about why trash traveled the way it did, nor 
help us understand what were the functions of 
each resting point or final destination. We had 
to supplement our data with thorough analysis 
using maps, satellite images, published infor-
mation, and direct contact with waste process-
ing facilities. Performing this manual process 
for each tracked item helped us determine 
where it had gone, its mode of transportation, 
and whether it ended up somewhere it should 
not have.

***
In this last section we will discuss two typical 
traces of waste products that were tracked dur-
ing the experiment: a printer cartridge and a 
lithium rechargeable battery. Each item’s trace 
illustrates the complexities and uncertainties 
inherent in predicting the movement of trash.

The trace of the printer cartridge (Figure 1) 
reveals one way that waste removal chains op-
erate on a national scale. The direct path from 
Washington to Tennessee, spanning only six 

hours with no reports along the way, implied 
this item was shipped by air freight.

We saw from closer inspection that the vol-
unteer disposed of the printer cartridge from 
a residential neighborhood in the north part of 
Seattle on Saturday, October 24th, as shown in 
Figure 2. However, exactly how they disposed 
of it was unclear; after leaving the house, the 
tag reported from a street three blocks away, 
but within the same neighborhood, implying 
that the cartridge was in transit by car or truck. 
Because the tag never arrived at a waste trans-
fer station, we assumed that the volunteer 
personally dropped off the item at a special 
drop-off point, possibly a retail store collect-
ing recyclable print cartridges.

The next stop of the printer cartridge was 
a large truck station as shown in Figure 3. 
Because we could not identify any specialized 
waste removal facilities nearby, we concluded 
this was a logistics hub and transfer point 
between freight trucks.

The cartridge then traveled to Tacoma 
International Airport, where it arrived at 3:40 
am on the morning of October 25th (Figure 4). 
The GPS coordinates match with the location of 
a FedEx air freight terminal within the airport.

From there, the tagged printer cartridge 
flew to Memphis, Tennessee. The reported GPS 
coordinates indicate that the cartridge arrived 
at the FedEx air freight terminal at Memphis 
International Airport by 9:40am on October 
25th (Figure 5), no more than six hours after 
having arrived in Seattle-Tacoma. Incidentally, 
Memphis Airport is the FedEx Express ‘Super-
Hub,’ processing a large portion of the pack-
ages shipped by the company.

The tagged printer cartridge continued its 
way by air to Nashville International Airport in 
Tennessee, arriving the same evening. It sat for 
two days in a US Postal Service facility nearby.

At last, the printer cartridge completed its 
journey at a facility in La Vergne, Tennessee 
(Figure 6). The EPA Facility Registry System 
identifies this location as an e-waste recycling 
center called SimsRecycling, which recycles, 
recovers, and remanufactures electronic 
waste and office products. It is surrounded by 
industrial buildings but also borders several 
suburban residential communities.

The ultimate fate of the printer cartridge 
remains unknown. Since this was the last loca-
tion report received from this object, it is very 
likely that the location sensor was destroyed or 
separated upon entering the facility. The printer 

cartridge travelled 3,210 miles from its disposal 
location to reach this point, by a combination of 
road, rail, and air freight.

***
By contrast, the trajectory of a tagged lithium 
rechargeable battery showed much more uni-
form motion across the US, as it travelled east 
towards the Twin Cities (Figure7).

Closely examining the origin point of the 
battery shows it starting from a Seattle post of-
fice on the afternoon of October 29, as shown 

in Figure 8. We assumed that the user chose 
to dispose of the battery through a mail-back 
program for recycling hazardous batteries.

The lithium battery appeared to travel 
south by truck to Federal Way, Washington, 
where it arrived and stayed for the evening in 
another US Postal Service facility, as shown 
in Figure 9. On the morning of October 30, it 
left this facility to travel eastward, reporting 
several times from I-90.

The battery steadily rolled east, through 
Idaho, Montana, Wyoming, South Dakota, and 
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2. Location of disposal for the printer 
cartridge.

3. cartridge transported to a freight 
truck facility.

5. cartridge arriving at Memphis 
international Airport.

4. cartridge arriving at Fedex facility in 
Seattle-tacoma international Airport. 

1. trace of printer cartridge deployed from a residential household in Seattle, WA 
to an e-waste recycling facility (SimsRecycling) in La Vergne, tn.

6. cartridge arriving at SimsRecycling, 
an e-waste recycling facility in La 
Vergne, tn.
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10. Lithium battery transported on 
highway 90, highway 29, highway 80 
and then on highway 35.

11. Lithium battery end-of-life destina-
tion: Mercury Waste Systems.

Iowa, always reporting from interstate high-
ways. There were some missing reports, which 
could have resulted from the tag temporarily 
losing signal, either from being buried deep 
within the truck or entering an area without cell 
phone reception. In northwest Des Moines, the 
battery arrived at yet another US Postal Service 
building. It stayed for several hours before 
heading north to Minneapolis on the evening of 
November 1, as shown in Figure 10. Travelling 
at full speed along I-35, it arrived at an Eagan 
post office on November 2.

Finally, on November 3, the lithium battery 
arrived at a hazardous waste recovery facility 
called Mercury Waste Solutions in Roseville, 
Minnesota. (Figure 11) Mercury Waste Solut-
ions partners with Waste Management to run 
its LampTracker program, confirming that the 
volunteer used a special LampTracker container 
to dispose of the battery. The sensor sent its 
final reports from the facility; we concluded that 
the battery and tag were likely separated here, 
and that this was the likely end of the battery’s 
3000-mile journey.

These accounts illustrate the rich traces 
that can be gleaned from tracking two 

household hazardous waste items, and how 
their meaning is subject to interpretation. 
Geographic coordinates alone lack context; 
their meaning has to be inferred by making 
educated guesses, comparing the reported lo-
cations with those of known facilities, and by 
deducing transportation modes from move-
ment patterns in time and space.

When combined with the physical char-
acteristics of the object being tracked, these 
traces can be used to estimate the ecological 
impacts of the transportation process, such 
as the amount of carbon dioxide emitted or 
energy used in transportation and disposal. 
Yet, these accounts also show how difficult it 
is to draw conclusions from anecdotal traces, 
since many events in the removal process, 
such as how efficiently trucks and train cars 
were packed with transported waste, remain 
unknowable.

Reflections
[Trash Track] made me more aware of details 
on how to dispose of certain items. Before, I 
had been too lazy to look up where to take an 
old laptop or light bulbs. I didn’t want to throw 

8. Lithium battery starting at a U.S. 
post office.

7. Small lithium battery trucked from Seattle, WA to a mecury recovery facility in 
Roseville, Minneapolis.

9. Lithium battery leaving transporta-
tion facility toward highway 90.

Cardboard Box
Disposed at

Central Business District
 Seattle, WA 98164

Traveled

3.3 Miles
Category

Cardboard

En Route

Cardboard Box

Deployment

Mon Oct 26 8:00 pm 
Central Business District
Seattle, WA 98164

Last seen at:
Tue Oct 27 8:53 am 
Allied Waste Recycling
Seattle, WA 98134

Mon Oct 26 20:53 pm 

Tue Oct 27 0:53 am 

International District

Pioneer Square

Yesler Terrace

Atlantic

the recorded trajectory of a piece of cardboard on its way to the material recovery facility in South Seattle. image by e Roon 
Kang and eugene Lee.



them away, so they just sat around. Trash 
Track made me motivated to learn the proper 
disposal process for such items.
— Trash Track volunteer survey

***
One of the most surprising things we discov-
ered was how strongly the project resonated 
with volunteers, peer researchers and the 
general public. Despite the bureaucratic aura 
of public services such as waste removal, 
trash turned out to be a very emotional topic. 
The people we met in the course of the proj-
ect deeply cared about the fate of garbage 
and recyclables, and wanted to find out how 
the city deals with them.

Trash Track was originally developed for 
an art exhibition, and the final project shared 
many similarities with a participatory art piece. 
Similar to other projects by the lab that were 
developed around a public exhibition, Trash 
Track illustrates SENSEable City Lab’s design, 
action, and intervention-oriented vision for 
research. Exhibitions, internally called ‘urban 
demos,’ play an important role in the work of 
the lab, not only for discourse with the general 
public, but also as a nucleus around which we 
can set up further research. The urban demo is 
a broad vision of research, boiled down to an 
actual intervention in urban space, that com-
municates a vision, demonstrates a possible 
technical implementation, and provides an ap-
proach for producing data that can be followed 
up by later scientific exploration.

In that sense, it is more than a traditional 
scientific experiment under controlled condi-
tions; its purpose is not only to collect data, 
but also to facilitate discourse. Trash Track  
is an urban demo in the sense that it shows a 
glimpse of what the future city could look like. 
Even before going into the details of a specific 
trace, visitors and volunteers were confronted 
with the complexity of the waste removal 
system, knowledge that might change their 
attitudes and behavior as consumers.

In that context, one interesting question is 
what role the museum or library could play in 
such a discourse. According to Jodee Fenton, 
Fine and Performing Arts Coordinator at the 
Seattle Public Library, they see their role as 
engaging the community around relevant top-
ics by providing the best information avail-
able, without endorsing a specific view or 
goal. While the project created a challenge for 
their infrastructure and institutional culture 

(imagine volunteers bringing heaps of trash 
and researchers pouring epoxy foam in the 
library’s pristine, Rem Koolhaas-designed 
lobby), it still aligned well with the public 
discourse they sought to promote.

Our experiences with the exhibition vali-
dated some assumptions we mentioned earlier 
— in particular, the assumption that access to 
raw, personalized datasets can have a higher 
value for the citizens than traditional forms of 
data representation. Volunteers developed a 
strong sense of ownership or emotional attach-
ment to the data generated by their donated 
item — a fact that we acknowledged during 
the third deployment by creating a website for 
volunteers, where they could track their own 
tagged items. They were genuinely interested 
in the information they helped to generate, and 
less interested in the public feature of their 
names or photos of their donated objects. But 
the meaning of the data can be perceived on 
different levels. While the explicit information 
acquired through the experiment, the destina-
tions and trajectories of waste, facilitate insight 
into the system, the data is also meaningful 
on a more basic level. The complexity and 
the patterns of the whole system suggested 
by the data, or the mere movement of waste, 
are meaningful pieces of information for the 
volunteers.

***
The Handbook of Solid Waste Management 
identifies a number of issues the field is strug-
gling with, many of which stemming from a 
lack of information. This starts with the need 
for common definitions of how to categorize 
waste. The biggest issue, however, is the lack of 
quality data about all aspects of waste removal. 
As a result, it is difficult to answer questions of 
how much waste is generated, since not all of 
that waste is properly reported. Experts also 
stress the current lack of consistent, predict-
able enforcement of regulations, which also 
relies on sound data and monitoring, particu-
larly on transfers between states and countries 
(Kreith and Tchobanoglous 2002).

Trash Track substantially contributes to the 
availability of quality information about the 
waste removal system, providing the basis for 
an integrated treatment of waste, from gener-
ation to collection, processing, and recycling 
or disposal. The project pursued three impor-
tant goals: to develop appropriate tracking 
technology given the real-world conditions 
of waste removal; to generate a bottom-up 
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Plastic Cone
Disposed at

Mt Baker
Seattle, WA 98144
Traveled

6.6 Miles
Category

Plastic Other

En Route

Plastic Cone

Deployment

Thu Oct 22 4:00 am 
Mt Baker
Seattle, WA 98144 

Last seen at:
Thu Oct 22 16:54 pm 
Waste Management Transfer
Seattle, WA 98134

White Center

South Delridge

Riverview

Georgetown

Mid-Beacon Hill

Mt Baker

Columbia City

Ranier Valley

Holly Park

the recorded trajectory of a plastic item on its way to a transfer station. image (above and pages 106-07) by e Roon Kang  
and eugene Lee.
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Old Sneaker
Disposed at

Bitter Lake
 Seattle, WA 98133

Traveled

337 Miles
Category

Shoe

Fri Oct 30 16:58 pm 

Sat Oct 31 0:58 am 

Seattle

Bellevue

En Route

Old Sneaker

Deployment

Mon Oct 26 16:59 pm
Bitter Lake
Seattle, WA 98133

Last seen at:
Mon Nov 2 8:35 am 
Columbia Ridge landfill 
Arlington, OR 97812

Puyallop

Tacoma

Mt. Rainier National Park

Olympia

Olympic National Park

Portland

Longview
Gifford Pinchot National Forest
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view of the removal chain that advances the 
understanding of its processes and potential 
weaknesses; and to raise public awareness by 
illuminating a process that we rely on greatly, 
but understand poorly.

On all three levels, the project made sub-
stantial contributions. On the technical end, we 
developed a tracking tag that can survive for 
extended periods of time in waste streams, and 
can operate on a global scale using infrastruc-
ture that is available everywhere. In several 
iterations, we developed a packaging strategy 
that protected the sensors and kept them firmly 
attached to tracked waste. Trash Track also 
generated a data set that presents a unique, in-
tegrated view of the system, its full reach, and 
the companies involved. Finally, judging by the 
feedback we received from the public, the proj-
ect created a vivid representation of a process 
that is usually hidden and unobservable. We 
hope that future researchers and institutions 
can build on our experiences and use Trash 
Track to advance our understanding of the city 
and its improvement.

Overall, the project targets a shortcoming 
in the waste removal system by generating 
information that has not been available before. 
It allows the potential for investigating the fate 
of individual discarded items and touches on is-
sues related to transportation logistics, volume 
and waste movement. While this information 
helps us to better understand how the network 
can be managed, a key aspect remains the 
project’s impact on the public, the feedback to 
the private individual. If we know where our 
trash goes and how long it takes to get there, 
will it have an impact on our future production 
of waste?

AcKnOWLeDGeMentS
Waste Management was the main partner and sponsor of 
Trash Track throughout all phases of the project. Seattle 
Public Utilities, Qualcomm, and Sprint provided close techni-
cal support in setting up and running the experiments. Both 
the Architectural League of New York, who originally com-
missioned the project, and The Seattle Public Library hosted 
exhibitions of Trash Track results. The Seattle Central Library 
was a crucial home base for all of our activities in Seattle.
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