EXPLORING THE POTENTIAL OF REWARD-BASED SYSTEMS FOR PRO-ENVIRONMENTAL
BEHAVIOUR IN THE CONTEXT OF CLIMATE-NEUTRAL SMART CITIES

Preamble

The concept of carbon-neutral, climate-friendly smart cities is becoming increasingly important
in the fight against climate change because it represents a comprehensive approach to
addressing global challenges. As digital transformation advances and its ability to improve
information sharing and communication increases, the development of a reward-based system
that encourages environmentally friendly behavior is being considered. Such a system could
provide real benefits to people and organizations, encourage sustainable behavior, and support
the development of a sustainable culture. It should be emphasized, however, that a rewards-
based system should not be viewed as a substitute for regulatory or policy changes aimed at
reducing carbon emissions and promoting sustainable development. Rather, it should be seen as
a complementary tool to enhance and expand these efforts. To ensure effectiveness, the design
of reward schemes should be carefully considered for fairness and transparency. This report
introduces the idea behind the reward for pro-environmental behavior and proposes an
approach for integrating concepts such as digital transformation and the circular economy to
facilitate the adoption and retention of pro-environmental behaviors. This is part of the research
being conducted at the University of Stavanger as an approach to complement existing
regulations to mitigate climate change and support the transition to a more resilient society.

Information on Greencoin Project

The Greencoin project is funded by the PolNor IdealLab program 'Cities for the Future: Services
and Solutions' program. The Greencoin project benefits from €1.9 million from Iceland,
Liechtenstein and Norway under the EEA Funds, and co-financed by the Polish government
through the National Center for Research and Development (NCBR). The project addresses the
guestion of how to promote environmentally friendly behavior among urban citizens. The project
proposes an interactive experiment in which citizens are rewarded for environmentally friendly
behavior and, in parallel, develops a marketplace mechanism where citizens can use their reward
points to purchase environmentally friendly goods and services. The goal of the system is to
recognize green actions in society and to encourage communities to protect the environment by
facilitating and promoting environmentally friendly behaviors. Several complementary research
institutions and non-governmental organizations have participated in this project. Gdansk
University of Technology, Warsaw School of Economics and Maria Grzegorzewska University as
academic partners, and the non-governmental organization Stowarzyszenie Inicjatywa Miasto
from Poland have joined forces with Oslo Metropolitan University and the University of Stavanger
from Norway.



The Idea behind Greencoin Project

The Greencoin project idea emerged during the Idealab workshop in early 2020, which was
organized by the NCBR and the Norwegian Research Council. The workshop brought together
representatives from science, business, and non-governmental organizations from Poland and
Norway to explore ways to improve future cities. While there was no shortage of sustainable
technologies, there was a significant gap between their level of development and their presence
in everyday life. Cities evolve slowly, and ecological values are not prioritized in the dominant
economic model. As a result, there is a lack of incentives to drive positive change, and people
who are determined to change their behavior for sustainability face organizational, financial, and
technological barriers (Greencoin project, 2021).

Greencoin project assumptions are laid out in Figure 1. These are Ecology — to support pro-
environmental behavior; Inclusiveness — the system is to be open and increase the accessibility
to green solutions; Modernity — the system will be using digital coins using modern technologies;
Universality — potential of applications across other geographical areas; Networking — the system
brings together stakeholders involved in environmental and climate protection; Open Source —
the software developed by the team will be open and freely available to the public (Greencoin

project, 2021).
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Figure 1. Greencoin functionalities

The team behind the Greencoin project diagnosed the problem as being the accessibility of green
solutions and technologies for citizens, as well as the lack of incentives to change behavior. They
proposed the following solution: what if people who behave in an environmentally friendly way
were given resources to spend on more green solutions, such as products, services, and



technologies? This would create a self-perpetuating mechanism to support sustainable behavior,
which is the core idea behind the Greencoin system (Greencoin project, 2021). The concept is
represented in Figure 2.
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Figure 2. Greencoin concept

Global Challenges

Global production and consumption trends have been found to contribute significantly to a wide
range of environmental issues including, but not limited to, air, water, and soil pollution,
increased resource depletion, and adverse health impacts (Bleischwitz et al., 2018). Several
planetary boundaries are now being exceeded due to human impacts on earth system processes,
not only in terms of CO2 emissions and climate change, but also in terms of land-use change,
biodiversity loss, and chemical pollution (Hickel et al., 2022; Sala et al., 2020). Steinmann et al.
(2017) has found that resource use accounts for more than 90% of the global environmental
damage, with everyday common products relying on resources extracted from multiple
countries. This indicates that products have significant environmental impacts throughout their
life cycle, from the extraction of raw materials to final disposal (Gasper et al., 2019; Sala et al.,
2020). Pursuing the United Nations Sustainable Development Goals on Sustainable Consumption
and Production (Gasper et al., 2019; UN, 2015) and advancing towards a more circular economy,
the European Commission adopted measures on March 30, 2022, to ensure the creation and use
of sustainable products (EC, 2022). Even so, it is argued that business interests have shifted the
narrative from consumption volume to cleaner production, meaning that with sufficient
innovation, consumption will cease to exert environmental pressure, and it can further expand
without limit, such as the current business-as-usual (Gasper et al., 2019).

Research approach for innovation in Climate Neutral and Smart Cities

The researchers involved in this project align to the operational, tactical, and strategic phases
that constitute mission-oriented research. All three levels contain tasks which contribute to the
achievement of the research objectives established in the Work Package 3 which University of
Stavanger leads, and within the accompanying work packages in which is partner.



At a strategic level, the researchers follow the leading goals of the academic organization. They
provide general guidance for research activities to achieve mission-oriented goals. The goals are
used by the researchers to grasp a clear sense of purpose and direction. At tactical level, the
researchers are provided with the appropriate institutional framework on how to accomplish
specific objectives within a specified time frame, including detailed schedules or instructions on
how to complete tasks. At operational level, the researchers have the freedom to position
themselves on the appropriate path which maximizes their work and outputs. The operations
that researchers adopt integrate into broader activities, such as networking, collaboration,
personal improvement, and in-depth research engagement.

Networking and collaboration, such as attending conferences, workshops and seminars are a
great opportunity to meet other researchers and professionals in the field, present their work,
and interact. Online networking (on LinkedIn, ResearchGate, Academia, etc.) can bring added
value in connecting with other researchers and professionals in the field. Personal improvement,
such as joining professional organizations, provides opportunities for networking and
collaboration and gives access to a wide range of learning instruments. Seeking mentorship
provides guidance, support, and feedback on research and career goals. Developing and
improving hard and soft skills will ease the capability of researchers in deploying their research
and enhance their visibility. Research engagement incorporates the accompanying activities
mentioned above and leads to the resulting outputs that build up the performance indicators.

Proposed research approach

The research framework is structured around the interaction of pro-environmental behaviour
(PEB), digital transformation (DT), and circular economy (CE) as illustrated in Figure 3. This
framework is thought to serve as an accelerator for deploying products and solutions for climate
neutral smart cities.
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Figure 3. Conceptual framework



Adopting environmentally sustainable behavior often requires individuals to make additional
efforts such as modifying their daily routines for recycling, public transportation, or energy saving
at home. People are motivated by various influences, as explained by Rogers in the theory of
innovation diffusion (Rogers, 1962). Innovations are typically adopted in a temporary sequence
by several adopter groups, with innovators and early adopters embracing the innovation first,
followed by the subsequent adopter groups. Early adopters enthusiastically promote
innovations, but most innovations fail to cross the separation between early and late adopters
(Moore, 1991). To facilitate widespread adoption of PEB, innovations must show concrete,
tangible values, and ease of use. One key element in the context of innovations lies within the
potential of DT in developing and integrating coherent policy response across all areas (OECD,
2019). DT refers to the process of using digital technologies to create new or modify existing
economic and societal activities (OECD, 2019). Digital transformation has recently emerged as an
significant phenomenon, encompassing the profound changes taking place in society and
industries due to the use of digital technologies (Vial, 2019). Even if digitalization has historically
increased environmental impacts at local and planetary scales (Creutzig et al., 2022), CE provides
a practical framework for implementing sustainable practices by promoting the efficient use of
resources and minimizing waste. CE helps translate PEB into actionable strategies that reduce
environmental impact. In this context, the CE benefits from DT, as new technologies can enable
more efficient resource management, waste tracking, and material reuse. Pro-environmental
behavior is the foundation that encourages individuals and organizations to adopt sustainable
practices paving the way for a mindset shift that prioritizes resource conservation, waste
reduction, and environmental stewardship.

Research backgroud

Literature suggest that incentives can effectively stimulate PEB and various factors that influence
its adoption have been analyzed, such as demographic elements, external factors (e.g. economic,
social, and cultural factors), and internal factors (e.g. motivation, environmental knowledge,
awareness, values, attitudes, and priorities) (Kollmuss & Agyeman, 2010). Although several
studies explored the internal and external influences on the adoption of PEB across countries and
demographic groups (Clark et al., 2003; Hansmann et al., 2020; Lee et al., 2014), social norm
interventions have proven to be most effective in influencing PEB (Farrow et al., 2017). Social
norms are rules and standards that guide and constrain human behavior without the force of
laws (Keizer & Schultz, 2018). For instance, social influence and digital technology play an
important role in the formation of consumer preferences for pro-environmental technologies
(Arora et al., 2022; Bobeth & Kastner, 2020; Manca et al., 2019; Morton et al., 2016).

The change in behavior facilitates a smoother transition to a CE by fostering increased awareness
and support for eco-friendly solutions, requiring collaboration among all stakeholders. Consumer
attitudes and behaviors towards the CE vary across different cultures. The design of the circular
business model should consider cultural differences to increase acceptance of the concept.
Cheng and Chou investigated consumer attitudes and behaviors related to the notion of CE



through the implementation of different innovative business models in different parts of Europe
(Cheng & Chou, 2018). Their findings highlight the importance of considering different
consumption behaviors across cultures when designing circular business models. This approach
increases consumer acceptance of the CE concept and subsequently enhances resource
efficiency, helping to achieve the potential goal of sustainable development. The CE presents
businesses with opportunities to develop eco-friendly products, which can emphasize a positive
consumer response. For the CE approach to become widespread, shifts in both industrial
practices and consumer consumption patterns are needed, and thus government, enterprises,
and media should all contribute to raising awareness and influencing consumer behavior,
encouraging the purchase of green products (Ferdousi & Qiang, 2016).

Digital technologies play a crucial role in supporting sustainable practices, leading to improved
environmental performance (Piscicelli, 2023; Umar et al., 2022); they are believed to strengthen
the role of citizens and consumers by informing, educating and transforming them into active
participants in the move towards a CE (OECD, 2019). While the influence of DT in relation to CE
have been mostly explored for the manufacturing sector (Khan, 2022; Tang et al., 2022), the role
of consumers or community in the concept of circular economy was scarcely explored (de Filippi &
Carbone, 2021; Maiurova et al., 2022; Warmington-Lundstrom & Laurenti, 2020). For the
effective utilization of DT, it is essential to combine regulatory measures, incentives, and
promotional activities. The sustainable transformation of cities depends on the proper use of
new technologies, along with providing appropriate tools for implementation and monitoring.

Reward-based system

In the current context, we would refer to the mobile apps as a component in the broader process
that advocates for DT. Mobile apps could play a vital role in facilitating the customers reach for
businesses, increasing productivity and helping organizations to become more efficient.

Reward-based systems can act as a catalyst for promoting PEB by offering incentives that
motivate individuals and organizations to adopt sustainable practices. Various types of rewards
can be utilized, including monetary incentives, social recognition, and gamification elements, to
engage users and create a sense of achievement (Abrahamse et al., 2005; Bolderdijk et al., 2012).
By leveraging the capabilities of digital technologies, such systems can be personalized and
adapted to individual needs, preferences, and cultural contexts, thus increasing their
effectiveness in fostering PEB (Froehlich et al., 2009; Hamari et al., 2014).

Several studies have shown that reward-based systems can promote sustainable behavior in
various domains, including energy conservation (Delmas et al., 2013; G6lz & Hahnel, 2016), waste
reduction (Tudor et al., 2007), and sustainable transport (Bamberg et al., 2011; Creutzig et al.,
2019). These systems may be adopted in both the private and public sectors, encouraging
employees and people to engage in pro-environmental behaviors at work and at home (Kormos
& Gifford, 2014; Osbaldiston & Schott, 2012).



However, the design and implementation of reward-based systems must be carefully considered
to avoid potential pitfalls, such as crowding out intrinsic motivation, creating perverse incentives,
or exacerbating social inequalities (Bénabou & Tirole, 2003; Bowles & Polania-Reyes, 2012; Frey
& Jegen, 2001). To maximize their effectiveness, reward-based systems should be transparent,
fair, and adaptable to changing circumstances and user feedback (Gneezy et al., 2011; Ostrom,
2000).

Conclusions

This report provides an innovative approach to promoting pro-environmental behavior by going
beyond existing methodologies and developing new concepts behind this mechanism. It suggests
that reward-based mechanism could be effective in adopting and encouraging pro-
environmental behavior. Future research should concentrate on designing and testing novel
reward-based systems in a variety of situations, analyzing their efficacy, and establishing best
practices for their design and implementation.

On a practical level, this report highlights the benefits of integrating PEB, DT, and CE concepts
into a reward-based system as a viable method for supporting sustainable practices and
hastening the transition to climate-neutral smart cities. Policymakers and practitioners can play
an essential role in promoting sustainable behaviors, and contributing to the global battle against
climate change, by carefully planning and executing these systems while taking cultural,
demographic, and individual aspects into account.

Another implication lies in the collaboration and the multidisciplinary of research activities. These
are essential not just for tackling complicated challenges, but also for encouraging sustainable
behavior and hastening the transition to climate-neutral smart cities. Researchers may create
and test innovative reward-based systems that encourage pro-environmental behavior by
integrating knowledge from environmental psychology, behavioral economics, information
systems and other relevant fields. It is critical to recognize and support collaboration and
interdisciplinary research in academia, industry, government, and society as they have the
potential to provide significant benefits in terms of knowledge transfer, innovation, and impact,
as well as the potential to accelerate the adoption of sustainable practices using tailored and
situation-aware reward-based systems.
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