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Behavioral Insights Into Waste
Management in Smart Cities

SUSTAINABILITY AND WASTE MANAGEMENT ARE SOME OF THE BIGGEST CHALLENGES OF
OUR TIME. IN ORDER TO FIND LASTING SOLUTIONS, WE MUST USE TECHNOLOGY TO BUILD
BETTER SYSTEMS AND INFRASTRUCTURE, AS WELL AS SPREAD AWARENESS OF THIS ISSUE
AND INSTIL A SENSE OF CIVIC RESPONSIBILITY IN SOCIETY
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e find ourselves in the 4th
W Industrial Revolution, and

the technological advances
that oftentimes leave us in awe can
also make us question whether
human development is progress-
ing at the same pace. Worrying
about the role of humanity in a
world dominated by technology
is an important and justifiable
question. But, instead of thinking
of technology as a threat to hu-
manity, could we instead consider
it as something that, if used cor-
rectly, could complement us and
enhance our abilities to do good?
There is no better place to put this
question to test than in cities, for
it is in these hubs of civilization
where we find the most social, eco-
nomic, political and cultural inter-
actions which are at the center of
human development. Nowadays,
the concept of smart cities is gain-
ing traction in academia as well as
in the public and private sectors.
Smart cities use all available tech-
nology and resources to implement
strategies targeting innovation, so-
cial cohesion, sustainability, and

connectivity in a city. In essence,
smart cities deal with finding solu-
tions today for the problems that
we know will be of even bigger con-
sequence in the future.

One of the most challenging mat-
ters of our time is that of sustain-
ability, and particularly the chal-
lenge of waste management and
resource efficiency. Everywhere
we go, sustainability demands our
attention. Politicians and activists
tell us that we must take respon-
sibility for future generations by
caring for the environment. How-
ever, in most cases, people are
not aware of the systems that are
in place for this purpose. We are
also unaware of certain behavio-
ral biases that affect our individual
choices surrounding waste gener-
ation, sorting and recycling, as
well as reuse (OECD et al., 2017).

For these reasons, finding solu-
tions to the challenge of waste
management is one of the main
objectives of smart cities. Upon
research of the academic litera-
ture available on this topic, it is
noted how many technologies
and systems have already been
developed in smart cities for this
purpose. Most noticeable is the
research surrounding the use
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of could-based technologies, or
Internet of Things (IoT), for the
development of Decision Sup-
port Systems (DSS) that maximize
the efficiency of waste collection
trucks in smart cities, resulting
in a reduction of carbon emis-
sions and a significant increase
in cost-effectiveness (Medvedev
et al., 2015). Important advanc-
es have especially been made in
European and Nordic countries.
Finland leads the way by imple-
menting both waste management



systems and waste reduction ed-
ucation programs, incentivizing
resource efficiency through a
circular economy and ensuing in
around 93 percent of the waste
segment being reused (Surapa-
neni et al., 2018). However, novel
technologies and waste manage-
ment systems have also been put
into action on a smaller scale in
other countries.

Having highlighted the systems
and processes developed to tack-
le this challenge, the importance
of behavioral insights for reach-
ing these objectives must not be
overlooked. The assertion that
individual behaviors and biases
are key factors in finding pivotal
solutions, and that these solu-
tions can be upscaled with the
use of technology, is where the
motivation for combining smart
cities and behavioral economics
resides in this paper. While there
is no denying that a strong admin-
istration network is key for an effi-
cient waste management process,

obtaining desirable results can on-
ly be achieved through the spread
of a subjective civic sense and ed-
ucation on the idea of waste seg-
regation (Surapaneni et al., 2018).

THE CHALLENGE OF WASTE
MANAGEMENT

n this paper we will deal sus-
I tainability and, more specifi-

cally, waste management. We
will first explain what this issue
consists of in general terms and
in relation to cities, and then pro-
ceed by analyzing it from two dif-
ferent perspectives: firstly, from
the problems forth by ineffective
systems in cities (which is where
smart city solutions can make a
contribution), and secondly, from
common behavioral biases which
hinder the progress in waste man-
agement (offering an opportunity
for behavioral economics to pro-
vide possible solutions).
We have chosen to analyze this
challenge from these two perspec-
tives because we believe that these
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are the main paths through which
a long-lasting solution could be
found. Also because we cannot
truly reach any meaningful results
if one of these two parts is erring:
sound infrastructure and systems
pave the way for better and more
efficient practices, yet without
tackling the biases and heuristics
that affect individuals’ behavioral
decision making, the best advanc-
es may be rendered meaningless.
Similarly, it is not difficult to im-
agine that tackling those biases
and heuristics without investing
in technological progress is sim-
ply suboptimal. Without one or
the other, it would be much more
difficult to make any progress.

SUSTAINABILITY AND WASTE
MANAGEMENT IN CITIES

ities will undoubtedly face

many challenges in the com-

ing years due to growing
population and our increase in
resource consumption. The Unit-
ed Nations Environmental Pro-
gramme (UNEP, 2018) estimates
that 66 percent of the population
will live in cities by the year 2050,
in contrast to around 54 percent
at the present. What this implies
is an addition of about 2.4 billion
people to the global urban popu-
lation, which will inevitably lead
to an expansion of existing urban
environments or the creation of
new ones. We must also consider
that, even though cities use less
than 2 percent of the Earth’s sur-
face, it is in these urban centers
that more than 75 percent of the
natural resources available glob-
ally are consumed. The UNEP
also estimates that the material
consumption related to cities will
increase to around 90 billion tons
by 2050 in comparison to 40 bil-
lion tons in 2010. Some of these
resources include primary energy,



putting the
environment
at the heart of
peoples lives

=
o
.
o
o
o
i
=
)
=
=]
z
=

raw materials, fossil fuel, water,
and food (UNEP, 2012).

What results from these changes
in population and resource con-
sumption is that cities will likely
experience challenges related to
growth, performance, competi-
tiveness and residents’ livelihood
(McKinsey & Company, 2013).
Rapid urbanization will have an
effect on and even deteriorate
liveability challenges in relation
to waste management, scarce re-
sources, air pollution, and traf-
fic congestion that cause human
health concerns, and decaying
public infrastructure (Washburn
etal., 2009).

Having described the context, we
must explain what we understand
by sustainability before discussing
waste management in particular.
First of all, it is important to es-
tablish the scale with which we
will assess a system in terms of
sustainability (Allen & Hoekstra,
1993). What this means is that
sustainability on a global scale
is different from sustainability
on an urban scale, and thus they
require different types of actions.
Furthermore, even though it is dif-
ficult to hold a single definition of
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sustainability in the urban scale,
there are certain characteristics
that are commonly used when
referring to urban sustainabili-
ty. These characteristics can be
divided into three categories or
dimensions of sustainability: en-
vironmental (ex. reduction of the
use of non-renewable resources),
economic (ex. economic vitality
and diversity), and social (ex. in-
tergenerational equity) (Maclaren,
1996).

Waste management falls in all
of these three dimensions. It
deals with theconsumption and
management of resources and is
produced by many economic ac-
tivities. Also, waste management
is an issue that will have a great
impact on future generations, and
the root of the problem can be
tracked down to certain behaviors
in the general population which
impede any significant progress
around better waste management
practices.

In essence, we can understand
waste management as “all the
activities that are required to
manage waste from the point of
collecting the waste to recycling
andmonitoring” (Conserve Ener-
gy Future, 2020). More specifically,
waste management’s characteris-
tic activities include:

(a) collection, transport, treatment
and disposal of waste, (b) control,
monitoring and regulation of the
production, collection, transport,
treatment and disposal of waste
and (c) prevention of waste pro-
duction through in-process mod-
ifications, reuse and recycling.
(United Nations Statistics Divi-
sion, n.d.).

In addition, waste management
demands dealing with “a num-
ber of challenging issues, for in-
stance, balancing objectives be-
tween promoting recycling and
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protecting consumers against
harmful chemical substances in
recycled materials; insufficient
data collection; quality aspects re-
lated to recycling; energy recovery
of waste; and waste prevention”
(Bourguignon, 2015).

When poorly managed, waste
contaminates the world’s oceans,
clogs drains, causes floods, trans-
mits diseases through breeding
of vectors, increases respiratory
conditions through airborne parti-
cles through the burning of waste,
harms the animals that consume
waste, and their ecosystems, and
affects economic development
by, for example, reducing tour-
ism. As we can see, these effects
prove that waste management is
an issue that concerns everyone
all over the world, and therefore
requires urgent action from all
levels of society (Kaza et al., 2018).
While there are many challenges
related to waste management, as
we have just stated, one of the
main matters in question is that of
“promoting recycling while mak-
ing sure consumers are protected
from toxic substances which can
be found in waste” (Bourguignon,
2015), as well as the high cost of
adding effective waste manage-
ment systems, especially in cities
of developing countries.

As an example of a case of poor
waste management, we could
look at the city of Santiago, Chile,
where unregulated dumping and
“informal rubbish dumps” are
common (Environmental Issues
in Chile, 2020). According to a
report published by the OECD
(2015), 99 percent of Chile’s mu-
nicipal waste disposal or recovery
shares were composed of landfills,
with only the remaining 1 percent
representing material recovery
(recycling and composting). We
can observe this information in



FIGURE 1. Municipal waste disposal and recovery shares, 2013 or latest.
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the figure 2 below. One of the
main sources of pollution in the
world, there are many reasons why
landfills are a problem, including
toxins, greenhouse gasses, and
leachate (all which contaminate
earth, air, and water).

In order to address these issues,
smart cities have emerged as a
possible solution by, for instance,
building clear and transparent
structures of urban systems,
which are simple, responsive and
adaptable with the use of technol-
ogy and design methods (ARUP,
2010). However, it is important
to remember that having efficient
systems in place is not enough. In
order to achieve success in waste
management, these systems must
go hand in hand with a sense of
civic responsibility that permeates
the whole ofsociety in which they
operate.

WASTE MANAGEMENT SYSTEMS AND
SMART CITY ALTERNATIVES

he issues we have just men-

tioned are far from new and

have in fact have gained much
attention in recent years. However,
the systems implemented so far
have been ineffective in finding
efficient and durable solutions.
Some of the most common ap-
proaches in the past have been

Incineration with energy recovery

based on the 4Rs of the waste hi-
erarchy, namely: reduction, recy-
cling, reuse, and recovery.
However, in most cities, especially
in those of developing countries,
not enough attention has been
paid to the implementation of
proper waste management sys-
tems. It is most common to find
waste disposal practices that in-
clude open dumps, incineration,
and composting, all practices that
cause great harm to the environ-
ment and increase public health
risks that can result in disease ep-
idemics, among other things.
One of the main reasons for the
lack of progress with this issue
is the high cost of adding waste
management systems in cities.
Researchers from the World Bank
(n.d.) have cited waste manage-
ment as “the single highest budget
item for many local administra-
tions in low-income countries,”
describing how, for them, it ac-
counts for almost 20 percent of
the municipal budgets, on aver-
age. This is calculated under the
assumption that “basic solid waste
management systems covering
collection, transport, [communi-
cation, control, and employment]
and sanitary disposal in low-in-
come countries cost $35 per tonne
at a minimum and often much
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more” (Kaza et al., 2018). In con-
trast, solid waste management
represents more than 10 percent
of municipal budgets in mid-
dle-income countries, and about 4
percent in high-income countries,
depending on each country’s case.
Because resources and capacity for
planning are limited, sustainable
waste management is usually in
a complicated position, as issues
such as clean water, education and
health care are normally higher in
priority for local administrators.
As a result, poor waste manage-
ment has dire and disproportion-
ate effects on the poor (Kaza et al.,
2018).

Additionally, “waste management
data are critical to creating policy
and planning for the local context”
(Kaza et al., 2018). In order to cre-
ate appropriate plans and select
the right management methods for
future generations, local govern-
ments need information on how
much waste is being generated and
the types of waste generated. With
this knowledge, administrators can
“design systems with a suitable
number of vehicles, establish effi-
cient routes, set targets for diver-
sion of waste, track progress, and
adapt as waste generation patterns
change” and “realistically allocate
budget and land, assess relevant
technologies, and consider stra-
tegic partners, such as the private
sector or nongovernmental organ-
izations, for service provision” (Ka-
zaetal., 2018).

Smart city literature notes how
the technologies implemented
in these settings can and are con-
tributing to improving waste man-
agement systems. Research from
Falconer and Mitchell (2012) has
observed that smart cities adopt
expandable solutions that use in-
formation and communications
technology to “boost efficiency,



FIGURE 2. Waste management hierarchy: shows the hierarchy
of management of wastes in order or preference, starting with
prevention as the most favorable to disposal as the least favorable

option.
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decrease costs and improve qual-
ity of life.” In this manner, it can
be seen how smart cities directly
deal with the matters of the high
cost of building these systems, as
well as the inefficiencies of the sys-
tems already in place, with the use
of scalable technologies.

More precisely, some common
solutions provided by smart cit-
ies are:

« Asset management, meaning the
efficient tracking of their waste
containers with the use of smart
sensors located in waste bins
and empowered with Internet of
Things (IoT) technology in order
to provide live updates on the
information of the assets. Smart
bins are an example of this solu-
tion, which we will discuss more
in detail in the first case study in
the next section.

« Citizen management, which
implies involving citizens in the
waste management process. This
can be done with mobile applica-
tions, through which local gov-
ernments can communicate with
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their citizens and work together
with them to have a cleaner and
more sustainable city by way of
education on waste management
practices and raising awareness
of the harmful effects of ignor-
ing this issue. This solution will
be dealt with in our second case
study in the next section.

On this note, we will now discuss
common behavioral biases and
how these are roadblocks in the
way of achieving better waste man-
agement practices. This way, we
hope to show that citizen aware-
ness and behavior is an essential
part in the attainment of this ob-
jective; even the best technologies
and the biggest budgets are of no
use without civic cooperation.

BEHAVIORAL CHALLENGES RELATED T0
WASTE MANAGEMENT
s we have previously men-
tioned, waste management
approaches in the past have
aimed at tackling the 4Rs of waste
management: reduction, recycling,
reuse, and recovery. Reduction can
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be achieved through longer-living
products or packaging-free goods.
The reuse of products can be facil-
itated by simplifying repairs with
eco-designs.

And reusing and recycling waste
materials can be an incentive to
discard and sort waste proper-
ly. However, there are multiple
cognitive biases that affect our
individual behavior and choices
around waste generation, sort-
ing, recycling, and reuse (OECD
et al., 2017). Israeli psychologists
Daniel Kahneman and Amos
Tversky introduced the term ‘cog-
nitive bias’ in the 1970s to de-
scribe people’s “systematic but
purportedly flawed patterns of
responses to judgment and deci-
sion problems” (Ramachandran,
2012). This research approaches
a bounded rationality perspective
to understand human judgment
by describing how people deviate
from rationality and instead make
seemingly irrational decisions.
Researchers from the Organiza-
tion for Economic Cooperation
and Development point out three
main biases that affect individu-
als’ behavior around this issue:

1) The first one is described as the
“status quo bias,” whereby con-
sumers naturally opt for standard
or default options. For example,
an individual whose phone is bro-
ken might generally find it easier
to replace said phone by buying a
new one instead of repairing it, in
which case its lifespan would be
extended.

2) The second bias could be
thought of as a “mental effort
avoidance bias” and it revolves
around incorrect waste sorting
and recycling caused by the “un-
intuitive design of waste bins.”
The authors argue that the waste
bins’ design is “often the by-prod-
uct of complex waste sorting



regulations; thus, correctly sorting
waste requires a conscious effort
rather than an automatic, effort-
less act” (OECD et al., 2017). In our
first case study in the next section,
we will also discuss an initiative
that is currently being carried out
in the city of Pamplona with digi-
tal waste bins, which also directly
takes measures about this bias.
3) Finally, certain social behaviors
have been found to influence lit-
tering. A clear instance of this are
“attitude-behavior gaps,” by which
individuals “do not recognize cor-
rect waste disposal as a necessary
civic duty”. Another example is
when individuals miscalculate
both the personal and public
consequences of littering. Lastly,
we have “negative social norms,”
which can also be thought of as
the “herd mentality bias.” An ex-
ample of this is how individuals
can be incentivized to litter if they
see everyone else doing so (OECD
etal., 2017).

Nonetheless, despite the fact that
we must become more aware of
our biases and work through them
in order to have better waste man-
agement practices, not everything
is in the hands of the consumers.
There are also several market fea-
tures that are a hindrance to the
implementation of policies based
on the 4Rs and complicate con-
sumers’ minimization of waste
generation and maximization of
reuse and recycling.

For example, there is an obvious
information asymmetry between
producers and consumers with
respect to a product’s lifespan
and repair possibilities (OECD et
al., 2017). Also, “consumers rare-
ly receive feedback regarding the
amount and type of waste they
generate” when it comes to house-
hold waste generation. In this line,
it is also difficult to link waste

generation to the cost of waste
collection by the municipality.
However, despite the challenges
presented by these market fea-
tures, taking behavioral insights
into account “can contribute to
shaping resource efficiency and
waste management policies in
several ways” (OECD et al., 2017).
Researchers from the OECD have
suggested that designing waste
bins in a more intuitive way could
ease household recycling efforts.
They also recommended that
door-to-door waste collection
in transparent bags could make
recycling more noticeable, thus
helping activate social norms in
this context.

The behavioral insights to waste
management practices we have
reviewed so far have focused on
“framing and simplification of
information” and “changes to the
physical environment.” While pol-
icies implemented with these in-
sights have generated considerable
action, for example, of encouraging
the reuse and repair of products,
literature reviews suggest that there
have not been many interventions
with the aim of reducing waste
generation or incentivizing correct
waste sorting in households. A rea-
son for this may be that it is consid-
erably difficult to monitor changes
in parameters such as waste vol-
ume, number of trash bags filled,
or weight, since most waste is gen-
erated at homes. The same goes for
tracking households’ sorting and
recycling patterns. A significant
obstacle in the way of the applica-
tion of behavioral insights to this
policy area might be the lack of
observability that surrounds waste
disposal choices. Although these
are certainly impediments to bet-
ter waste management, we believe
that this challenge can best be ad-
dressed by incentivizing recycling
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and sorting in households through
easily accessible information and
education campaigns on the ba-
sics of waste sorting regulations.
In this way, not only will correct
waste sorting and recycling require
less of a conscious effort from indi-
viduals, but they will also develop
a sense of civic duty, commitment
and responsibility to this end.
There are many approaches to put
this forward, such as a project de-
veloped in the Netherlands in 2010
where six behavioral interventions
related to social norms were test-
ed through a field experiment. The
results of said project indicate that
descriptions with simplified infor-
mation as well as negative incen-
tives (ex. penalties) and generating
commitment and consistency were
the interventions with the most
significant effects on the project.
These successful interventions
resulted in a reduction in littering
frequency by almost 50 percent in
each of these cases (Dijksterhuis &
Van Baaren, 2010).

CONCLUSIONS

n this paper we have argued that

waste management is a problem

that concerns us all and that
requires everyone’s attention in
order to find a solution. The litera-
ture reviewed serves as proof of the
consequences that this issue can
have if we do not work on finding
viable solutions in the near future.
Furthermore, we have studied how
this is no simple task not only be-
cause of the challenges related to
putting sound infrastructures in
place, but also because of the be-
havioral biases, of which we are
mostly unaware, that hinder any
significant progress in this respect.
Taking one step forward, we con-
ducted two case studies in order to
observe these practices in reality.
Through the literature reviewed,
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Governments

should

consider

both the

technological

and the
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tance of a strong administration I waste management policiesin or- find durable solutions. Ordinary

network for an efficient waste
management process, the determi-
nant to obtaining desirable results
resides in spreading a subjective

der to arrive at optimal results,
as the policies that consider the
complexity of the human spec-
trum that are likely to be most

people have the power to change
the world through their actions,
and so it is in our hands to take
responsibility for our future o
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