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ABSTRACT
Ubiquitous technology platforms have been created to track and
improve health and fitness; similar technologies can help individu-
als monitor and reduce their carbon footprints. This paper proposes
CarbonKit – a platform combining technology, markets, and in-
centives to empower and reward people for reducing their carbon
footprint. We argue that a goal-and-reward behavioural feedback
loop can be combined with the Big Data available from tracked
activities, apps, and social media to make CarbonKit an integral
part of individuals’ daily lives. CarbonKit comprises five modules
that link personal carbon tracking, health and fitness, social me-
dia, and economic incentives. Protocols for safeguarding security,
privacy and individuals’ control over their own data are essential
to the design of the CarbonKit. We use the example of the British
Columbia to illustrate the regulatory framework and participating
stakeholders that would be required to implement the CarbonKit
in specific jurisdictions.

CCS CONCEPTS
• Human-centered computing → Ubiquitous computing; •
Social and professional topics→ Sustainability.
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1 INTRODUCTION
The 1992 UnitedNations FrameworkConvention onClimate Change
committed signatory states to reduce greenhouse gas (GHG) emis-
sions, based on the premises that global warming was a reality, and
that anthropogenic emissions were the primary cause [17]. Despite
the agreement, from 1992 to 2015, global GHG emissions increased
over 35 percent. Estimated worldwide Carbon Dioxide (CO2) emis-
sions for 2015 totalled nearly 35.7 billion metric tons. During this
period, numerous policies have been proposed and some of them
implemented, including carbon taxes, emissions trading systems,
and low carbon fuel standards, as well as advancing research and
development of clean technologies.

The 21st Conference of the Parties (COP21) in Paris reached a
non-binding agreement committing 195 Nations to reduce their car-
bon output and to limit global warming to a maximum of 1.5℃ [14].
This paper begins from the premise that industry-focused policies
alone will not suffice to limit warming to 1.5℃: emissions reduc-
tions will be needed from all sectors of the economy, including
individuals. Transition to a sustainable society will require shifts
in consumer lifestyles as well as the development of new technolo-
gies [7]. This paper explores how technology and incentives might
be combined in ways that reward and empower individuals’ efforts
to reduce GHG emissions.

This mass coordination of public and private companies, gov-
ernments, and people would require a computing platform that is
pervasive and ubiquitous so that data used to track carbon con-
sumption is gathered with minimal manual effort. Incentives can be
offered in real-time based on geo-location or current activity. A mix
of sensors and near field communication (NFC) devices would form
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the basis of interaction with such a pervasive computing platform.
Sensors and NFC devices would track, for example, the amount
of distance travelled by transit and the amount of gas used by car,
compare the two, and offer an incentive – show savings – when
transit is used.

We propose a CarbonKit – a combination of computing appli-
cations, information sources, and incentives that would enable
individuals to track and reduce their personal carbon emissions.
It combines economic, psychological and social incentives for in-
dividual engagement and behavioral change with a stakeholder
model. This paper first describes the technology platform required
for the CarbonKit, and then explains how the CarbonKit would
address privacy and security. Implementing a CarbonKit would
require a regionally specific network of stakeholders. Using the
Canadian province of British Columbia (BC) as an example, this
paper identifies a network of public and private institutions whose
core competencies and functions would be foundational for the
CarbonKit’s design, implementation and operation.

2 TECHNOLOGY & BEHAVIORAL CHANGE
Behavioral change is a significant and consistent change in the
way and the frequency an individual uses technologies, institutions
and infrastructure. Although behavioral change initially requires
conscious effort, once institutionalized and habituated, the new
behavior can become effortless, unconscious and durable over time.
Initiating behavioral change is an uphill battle because individuals
find changes to routine difficult and cognitively draining. Habits
are difficult to break because the formation of a new habit uses cog-
nitive energy, while maintaining an existing habit is automatic [3].
Nevertheless, some behaviors can be modified by changes in the
built environment in which individuals live – such as higher-density
communities or closer proximity to transit – or by providing smart
technological solutions that reduce the need for cognitive effort and
help improve social and environmental conditions for individuals.

The less cognitive energy and time that an individual requires
for a task, the greater the potential to modify the way that activ-
ity is performed. How much technology can influence behavior
over the long term is an open research question in the field of
human-computer interaction. This paper argues that if technology
is ubiquitous and feedback is readily available, then its influence
on behavior is greater, particularly if the feedback is compelling
and creates a sense of or a call to action [10].

Identifying barriers to behavioral change is also a crucial step for
technology development to mitigate climate change. Gifford identi-
fied 30 different psychological barriers to changing environmental
behavior, of which the three most significant were conflicting goals,
perceived lack of efficacy and social comparison [5]. As social be-
ings, humans regularly compare themselves to others to better
understand who they are, how they fit in communities, and what
behavior is appropriate to a particular situation [8]. Seeing peers
discount the threat of climate change can have a powerful effect on
people, discouraging them from acting as well; conversely, social
comparison with peers who have reduced their carbon footprint
can be a powerful motivator.

Related barriers to be considered in technology design are the
human focus on tangible risks and the potential for information

overload. Individuals are hardwired to respond to tangible and
immediate risks, and to discount the impact of future or distant
risks [16]. Behavioral change requires the major, conscious effort
usually given to urgent or engaging matters, such as when impor-
tant aspects of their daily lives are affected. If a software application
for carbon tracking and reduction is also linked to short-term hu-
man concerns and goals, it is more likely to promote long-term
change. Health, sports, economy, and social recognition and cohe-
sion are all highly relevant in people’s daily lives, and are desirable
near-term co-benefits [9].

Strategies for promoting behavioral change include default op-
tions, social proofing, gamification, and incentives. Individuals tend
to choose the default, automatic, or most available behavior: if a
green choice is the default option, and the more carbon-intensive
choice requires an opt-out action, people will be more likely to
choose the green option [6]. Social proofing also takes advantage
of social norms, as when an individual looks to others for appropri-
ate behavior to imitate. The more people who exhibit an observed
behavior, the more likely that someone will model that behavior.
If individuals believe that most of their neighbours, coworkers or
friends are adopting a behavior, they are more likely to do the
same [12]. Showing people when and how their neighbours (or cir-
cle of influence) are “doing the right thing” can promote a desired
behavior. Communication of desired behaviors and the reasons
for them work best through channels that have already proven to
influence people, such as social networks and new media.

Gamification techniques seek to leverage people’s natural de-
sires for competition, achievement, status, self-expression, altruism,
and closure [18]. A core gamification strategy rewards players who
accomplish desired tasks. Types of rewards include points, achieve-
ment badges or levels, the filling of a progress bar, or providing the
user with virtual (alternative) currency: successful games are based
around discovery and accomplishment. Fitbit, Misfit and Moov are
examples of applications designed to improve health and fitness that
use social networks to facilitate the connection and competition
among participants.

3 THE CARBONKIT
The CarbonKit is envisioned as a ubiquitous platform that integrates
web-based and smartphone supporting applications, including car-
bon footprint monitoring, budgeting, and reduction, as well as
health improvement and money-saving. Figure 2 depicts the links
between personal carbon tracking and more immediate concerns to
promote individual engagement and collective action towards cli-
mate changemitigation and the achievement of short-term personal
and social goals, including health, recreation, household economy,
and social recognition and cohesion.

The CarbonKit is modeled on Apple’s HomeKit, HealthKit, and
ResearchKit. HomeKit provides a platform for users to control and
communicate with devices and accessions that are part the user’s
home (e.g., lighting control). HealthKit allows for the sharing of
health and fitness services and data (e.g., step counter). ResearchKit
provides an open-source platform for medical research to use data
collected from HealthKit. These applications do not have developer
kits, which are synonymous with having to buy a fixed piece of
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Figure 2: Overall view of the CarbonKit.

hardware or a set of programming libraries â€” in essence devel-
oping a stand-alone products or services whose integration would
be left to a third party or the end users.

A Kit is more than that: it is a broadly available and open plat-
form for the integration of complex relationships between various
stakeholders. It is a boundary object with a common structure to
which di�erent participants may attach di�erent meanings, one
su�ciently pliable to allow groups with di�erent interests to work
cooperatively [1]. The CarbonKitÂ would provide a ubiquitous
platform that supports application and device developers, service
providers, and government regulators in the common goal of en-
abling individuals to monitor and reduce their carbon footprints.

3.1 Objectives & Operations
The CarbonKit envisions a continual process of individual learning
and self-improvement, at �rst to track and eventually to reduce
personal carbon emissions. Figure 3 represents that CarbonKit plat-
form as a behavioral change feedback loop [4]. Successive actions
over time would aim to reduce personal carbon emissions, relative
to either past emissions or to a target. Individuals' goals are likely
to vary, and can be reset as their needs and preferences change over
time.

Figure 3 shows the sequence of stages (motivate, track, inform,
adjust, reward), with examples of each. As with most feedback loops
used for behavior change, a person starts with a motivation and a
clearly measurable goal. Such motivations could be internal, such
as altruism, saving money, or health and �tness, or external, such as
community, friends, and family, or a combination. The CarbonKit
platform can track progress toward user-set goals, and social media
could be used to compare an individual's progress to friends and
family [13].

The feedback loop closes when rewards motivate individuals to
establish new goals or expand current ones. Small initial changes

Figure 3: Behavioural feedback loop.

increase individuals' comfort level, enabling bigger changes over
time.

4 THE TECHNOLOGY PLATFORM
Technology can make the complex simple by integrating solutions
to apparently unrelated problems in a single platform running many
applications. Through the CarbonKit dashboard, a user can access
services; other linked applications vary from noti�cation pop-ups,
context menu integration, or access to any application on a mobile
device or computer. Surveys suggest that the best way to deliver a
new program or application is through a smartphone. About two-
thirds of BC residents owned a smartphone in 2013, and more than
one in four people aged 18-34 said that they cannot live without
a smartphone [15]. It follows that the best way to implement and
operate a personal carbon tracking system, or any climate change
program designed for individuals, is to create a smartphone app.
Many smartphone applications already help people modify their be-
haviors for their own, and others', bene�t. Smartphone applications
o�er: portability, accessible from any computer with an Internet
connection;mobility, dashboard apps can be supported on diverse
mobile devices (e.g., Blackberry, iPhone, or Android smartphones);
andcollaboration, individuals can access their data privately, and
choose what to share with other people.

4.1 Platform Modules
The CarbonKit would consist of �ve main modules: (1) Personal
Carbon Tracking, (2) Health and Fitness, (3) Money Saving Tools,
(4) Social Media, and (5) Incentives The �rst three modules enable
users to set goals for and track progress toward: 1) reducing car-
bon footprint and energy consumption; 2) improving health and
�tness; and 3) saving money and adjusting to a budget. The fourth
module leverages gami�cation and social in�uence to promote ac-
tions towards goals and to compare progress with peers. The �fth
module manages carbon allowances and incentives earned through
CarbonKit applications.
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