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ARTICLE INFO ABSTRACT
Keywords: Digital tools, specifically smartphone apps, have emerged as enablers of social innovation for low-
Social innovation carbon transitions by using novel feedback to creatively engage people to act more sustainably,

Behaviour change
Digital innovation
Smartphone apps

and thus capture the power of collective individual action. Such apps have increasingly been
implemented in real-world experiments with positive results in the short-term. However critical
reflection is required to look beyond this hype to understand the conditions for longer term
impact, thus reaching a transformative social innovation potential. In this paper, we take two
exemplary behaviour change apps and perform a cost-benefit analysis to assess the break-even
point in number of users to achieve net-positive impact and discuss relevant technical, organ-
isational, political and financial conditions that enable or impede this impact. We find that the
required scale-up in users seems challenging, yet feasible. However, guaranteeing that the sup-
portive conditions are available is necessary to warrant the focus on behaviour change apps by
research and policy.

1. Introduction

Digital innovation has ubiquitously influenced the transition towards a more sustainable society in diverse sectors (Sareen and
Haarstad, 2021). By capturing, analysing and communicating novel data, digital technologies have opened new approaches to tackle
societal challenges, such as provision of health-care services, support to migrants, or tackling the climate crisis (Stokes et al., 2017). In
this paper, we specifically focus on smartphone apps aimed at persuading behaviour change for a low-carbon transition in highly
industrialised countries. Such apps support individuals to lower carbon emissions, thus addressing one of the five challenges that
humanity needs to tackle within the overarching grand challenge of sustainability (Markard, Geels and Raven, 2020).

Policies and tools can support new ways of consuming and organising carbon-emitting goods and services; specifically behaviour
change apps can shape collective energy-efficient and sufficient routines (Schot et al., 2016). This can occur through prompts to
encourage a shift towards more sustainable choices using various persuasive feedback (e.g. personalised, real-time, entertaining,
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game-like, etc.) and ultimately can be cheaply disseminated for multiplying their transformative power (Froehlich et al., 2010; Spaiser
et al., 2019). In the last decade, this type of “eco-feedback” (Sanguinetti et al., 2018) through apps has become widespread and a
well-funded research area (Beck et al., 2019; Douglas and Brauer, 2021).

Recent reviews of app-based experimental interventions in the low-carbon domain have confirmed their promising behaviour
change potential (Anagnostopoulou et al., 2018; Andersson et al., 2018; Chatzigeorgiou and Andreou, 2021; Douglas and Brauer,
2021; Hedin et al., 2019; Suruliraj et al., 2020). However, some scholars criticize the extent to which digitalisation improves the
overall sustainability impact and carbon footprint of individuals (Andersen et al., 2021; Sareen and Haarstad, 2021). The ubiquitous
use of apps may be seen as the first phase of a hype cycle, where promises and expectations create phases of societal attention and
technological uptake (Van Lente et al., 2013).

In line with the broad conceptualisation by Pel et al. (2020) of social innovations, persuasive behaviour change apps can be en-
ablers of new ways of doing, organising, framing, and knowing through changing social relations. Apps can offer ways to trigger
collective impacts, if they provide app users with social interaction features favouring exchanges between each other and the creation
of an active (virtual) community. Specifically, apps can be designed to initiate transformative social innovation processes (TSI), where
“social innovation challenges, alters, or replaces dominant institutions in a specific social-material context” (Pel et al., 2020, p. 2), by
enhancing the individual’s capacity to contribute to climate emission reduction, which is reinforced by the effect of other users acting
in the same manner. Therein, this approach challenges, and provides an alternative to, a persisting technology-centric narrative which
has been insufficient in addressing the barriers to a low-carbon transition (Loorbach et al., 2020).

In this paper, we outline the conditions for behaviour change apps to be a TSI. Inspired by other work in the social innovation
domain, such as the broad questions posed by Strand et al. (2021) to “balance experimentation with precaution” and the call for more
critical review of digitalisation as a driver of transitions by Sareen and Haarstad (2021), we analyse the cases of two Swiss app-based
intervention studies from app development to scale-up. We perform a cost-benefit analysis (CBA) of app use as an intervention measure
to uncover the climate benefits in comparison to the development costs. And we examine how the apps interact with current insti-
tutional settings that support constructive learning to move into post-hype phases of effective use and scale-up (Geels et al., 2007).

Advancing understanding of such system conditions is relevant for applied research and policymaking. These contextual details are
often lacking in reporting on intervention effectiveness, even when the experiment is well documented and scientific assessment
procedures are followed. However, these details are critical to behaviour change apps’ capability to trigger TSI processes, and thus
cannot be backgrounded when discussing impact in comparison with other policy interventions. Particularly, a CBA is relevant for
policymaking: if the benefits delivered by these apps are lower than the costs for development and maintenance over time, relying on
them as tools to support a low-carbon transition would be at least questionable.

The paper is organised as follows: Section 2 details the TSI potential of persuasive apps, while Section 4 presents the app cases and
analysis methodology. In Sections 5 and 5 we report the results of the CBA and the enabling and impeding conditions, respectively, and
Section 6 concludes.

2. The transformative social innovation (TSI) potential of persuasive behaviour change apps

The use of persuasive behaviour change apps is one measure along a continuum of digital innovation which varies in transformative
power depending on the extent to which the innovation challenges institutions and produces alternative structures (Gebken et al.,
2021). Loorbach et al. (2020) specifically define TSI as being “socio-material, emergent and multi-actor phenomena” (p. 254). Herein,
these purpose-built apps directly target substitution of carbon emitting practices of many people at once, and primarily support new
ways of framing by helping people to reflect on the outcomes of their behaviour with impact-related data, and knowing through un-
derstanding their contribution to the solution, and potentially organising by connecting like-minded individuals for collective impact.
Apps can act as a messenger or coach to encourage individual experimentation with different consumption patterns, so people can
uncover where difficulties arise, stay motivated to overcome inconveniences, and get support from a wider community of peers and
experts. Ultimately, this creates spaces for individuals to feel empowered towards changing their behaviour and at the same time
supports development of shared identities, narratives, and visions of change.

Considering the propositions on TSI processes advanced by Pel et al. (2020), these apps “provide spaces to promote new or
alternative values and align them with new knowledge or practices” (proposition 1, p. 7) and empower people in their efforts towards
institutional change, by building on their “basic needs for relatedness, autonomy, and competence”. This increases people’s sense of
impact, meaning, and resilience (proposition 3, p. 7) and favours the creation of trans-local networks (proposition 5). In doing so, apps
contribute to reconfiguring the institutional logic in which dominant institutions are embedded (proposition 9). The resulting coor-
dinated impact on resource consumption may challenge existing incumbent regimes (e.g. energy utilities may have to restructure their
revenue model if energy consumption decreases) and the narratives of technology primacy in addressing climate problems. Despite
many experimental studies assessing their behaviour change effectiveness, to our knowledge behaviour change apps have not been
looked at through this TSI lens to acknowledge an app’s interdependency with the incumbent innovation system, as well its actual role
in challenging these structures.

Thus, the TSI potential of behaviour change apps is not always realised: behaviour change for resource efficiency has been criticised
in being, at best, not radical enough to reach the climate goals, or, at worst, re-enforcing consumption patterns and path dependencies
of resource extraction, use, and disposal (Shove, 2018). If apps do not manage to realise the expected transformative potential, they
remain stuck in the first phase of the “hype cycle” (Fenn and Raskino, 2008; Van Lente et al., 2013). The three-stage hype cycle states
that, after an initial rapid increase in societal attention and expectations about a technology, disillusionment may occur, which is only
sometimes followed by enlightenment if the innovation’s value can be captured and diffused (Dedehayir and Steinert, 2016; Kester
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Table 1

Key characteristics of the two app cases and the related processes and stakeholders.
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enerjoy: CO, footprint of food and mobility choices

Social Power: At-home electricity savings

Development
Availability
App’s features

Additional connections

Project initiation and app
development

App implementation and
behaviour change
intervention

Long term maintenance and
continued
implementation

Interest of key stakeholders

Additional literature

2017

2018 — ongoing (October 2022); German language.

Users enter their food and mobility choices and receive
feedback on their CO, footprint, which is compared to the
individual footprint for a 1.5°C global warming target. The app
also proposes challenges to reduce one’s footprint and features
information on sustainability topics.

No specific technology or infrastructure is needed since users
self-track their consumption data.

Initiated and developed by a state-owned energy utility in
Switzerland as an internal innovation project. A small design
team at the utility worked with external developers to develop
the app, and a small team of external researchers joined as part
of a funded research project to evaluate the app. The designer
team was funded by the utility.

The app was tested over a six-week period in Fall 2020 with
approx. 450 participants in the German-speaking part of
Switzerland, who were voluntarily recruited by the research
team. The research team managed communications and
troubleshooting with the participants, and the development
team provided additional support for technical issues.

After the field test, the app continued to be developed and
remained available in Switzerland. To support further
development, the utility is still financing the design team, who
are testing self-sustaining business models. As of October 2022,
the business model involved a subscription model of the app, to
access more tracking categories, costing 60 Swiss Francs (57
EUR, 67 USD) per year. The research team is not involved in
any further developments due to lack of funding.

The utility sees itself as an efficient service provider for
renewable energies, with the goal of providing a climate-
friendly energy supply to its customers. An app that helps users
to reduce their CO, footprint complements this overarching
aim.

The utility is an independent but state-owned public enterprise
in an area with powerful Green and Social-Democratic parties
and an electorate that puts a relatively strong emphasis on
environmental topics. Taking steps to help people reduce their
carbon footprint is in line with local political goals.

Grieder & Wemyss, 2021, www.enerjoy.ch

2015

March 2016 — February 2017: German and Italian languages.
Users get feedback on the household’s hourly electricity
consumption through a direct interface between the app and
the household’s smart meter.

The app supports saving electricity over a three-month period
with weekly household electricity savings challenges (e.g.,
washing clothes or cooking) and provides step-by-step
suggestions and tips.

The app receives the household’s smart meter data from the
electricity utility.

Initiated within a research project funded by a private Swiss
foundation.

The research team designed the key persuasive features. The
technical development was performed by an external
professional software company. Two utility companies
provided the connection with smart meter data and later
supported the app’s field testing.

A three-month intervention in Spring 2016 involved 100
households in the districts of two utilities in the German and
Italian-speaking part of Switzerland. The utilities guaranteed
smart meter connection and managed communication
campaigns to recruit app users among their customers. Despite
most of the app features being automated, trained staff were
needed to recruit participants and create teams.

At the conclusion of the research project, the utilities
confirmed their general interest in the app, but were not able
to support its long-term maintenance. The software company
who developed the app explored further project opportunities
with other utilities, however, were unsuccessful due to cost
and lack of strategic interest. Thus, the app was only available
for a few months after the end of the research project. The
future of the app lies with the research team and ultimately the
interest of funding institutions.

The app was developed for research purposes to support
evidence-based policymaking for the Swiss energy and climate
transition. The interest by the utility companies was driven by
the opportunity to differentiate themselves from potential
competitors, in anticipation of the liberalisation of the
electricity market for household customers, which for
Switzerland is expected to come in the next years (currently
utilities are monopoly providers to household customers in a
region). The utilities regarded Social Power as a potential piece
of their future loyalty strategy for households.

Wemyss et al. 2018, 2019, www.socialpower.ch

etal., 2020; Kriechbaum et al., 2021; Ruef and Markard, 2010; Van Lente et al., 2013). Indeed, the rapid uptake of apps may be a hype
that does not fulfil expectations, and if not addressed can lead to premature rejection of the technology.

3. Methodology

We adopt mixed-methods to analyse the two Swiss low-carbon behaviour change apps, “enerjoy” and “Social Power”, and look
beyond the hype of their immediate effects, identifying what can reduce costs, increase benefits, and improve apps as policy measures.
To identify the contextual enabling and impeding conditions for impact, we qualitatively explore the financial, technical, organisa-
tional, and political conditions that affect each project stage, from the app’s initiation to its long-term maintenance. Additionally, we
perform an approximative quantitative CBA to estimate the apps’ cost-benefit break-even point, corresponding to the minimum
number of users required by each app for a positive net impact.

3.1. The behaviour change app cases

Both cases considered involve field research in Switzerland between 2015 — 2020, where real-life interventions were conducted to
determine causal effects of the apps. Key characteristics and contexts of the two apps are summarised in Table 1. The enerjoy app aims
at reducing individuals’ consumption-related CO2 emissions in a simple way. Users can manually record their daily food and mobility
choices and the app calculates their CO5 footprint and suggests lower-carbon alternatives. The Social Power app aims at reducing
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D. Wemyss et al. Environmental Innovation and Societal Transitions 47 (2023) 100702

electricity consumption in households using in-app teams of households to collectively save electricity over a period of three months.
The aim of our analysis is not to systematically compare the two cases, but rather to learn from both. Their differences allow us to
uncover a more nuanced picture that could be relevant for future projects of behaviour change apps.

Social Power and enerjoy were identified as ideal case studies for several reasons. First, they were both developed and tested in a
country where institutional and political framework conditions are highly supportive of the transition towards a low-carbon society,
thus there were no explicit systemic barriers to the behaviour change interventions.' Therefore, impeding conditions emerging from
the analyses specifically refer to the apps and their respective contexts (e.g. who had decision-making power in the project, how did the
financing impact project implementation, etc.). The differing behaviours which the two apps focus on (i.e., more sustainable mobility,
nutrition, and household electricity consumption) are exemplary of the cross-over between national climate-related policy and societal
interest in Switzerland. Moreover, these are critical areas for greenhouse gas reduction for any signing parties of the Paris Agreement
treaty on climate change (United Nations Framework Convention on Climate Change Secretariat, 2021).

Additionally, the two cases have some intrinsic differences (e.g., Social Power was initiated for research, whereas enerjoy was
developed for commercial purposes). The method for collecting consumption data differs for each app, but was an intentional design
feature from the respective development teams. In enerjoy the designers wanted to encourage reflection and engagement with the app
while reporting daily food and mobility choices. While self-reporting in other domains can induce “cheating” in order to provide a
more socially-desirable report, it is unclear how this impacts environmental behaviours (Vesely and Klockner, 2020). Furthermore,
enerjoy encourages experimenting with tracking different choices so the user can learn what is the impact of alternative behaviours. In
contrast, Social Power wanted to provide accurate hourly electricity consumption data, which would be cumbersome to self-report (i.e.
read off the electricity meter), and is relatively consistent over time. Thus, the users were encouraged to monitor outcomes of
behaviour changes which were taught within the app. Differences in the apps’ setup could lead to differing effectiveness and shed light
on unique impeding and enabling conditions.

Finally, information on the two cases is reasonably accessible to the authors. We were involved in the project consortia who
managed the app’s development (Social Power) and / or in their real-world testing (Social Power and enerjoy) and therefore have
additional data concerning contexts, budgets, and stakeholders involved. Our analyses are derived from two sources of data. First,
quantitative and qualitative data come from non-confidential internal project reports, documentation (such as the project website),
and our own experience within the two projects. We complemented this documentation with one-hour semi-structured interviews with
an app developer from each app in 2020. The interviews focused on how the app was used for behaviour change and the challenges
they faced in creating an impact with the app, and a directed content analysis approach was used on the transcribed interviews.

3.2. Cost-benefit analysis (CBA)

The goal of the CBA is to better understand the magnitude of costs and benefits of the cases, and to roughly gauge how many
additional app users would be necessary to balance the climate benefits created by the apps with the resources invested in their
development and maintenance. As for any such analysis, considerable uncertainty and commensurability issues exists when estimating
and translating costs and benefits from different domains into a common metric and comparing them. Thus, the precision of the results
is necessarily limited, and we take care to highlight key assumptions.

To find the number of users that each app requires so that their climate benefits equal their costs, i.e., to estimate their “break-even
point”, we compare the climate benefit, i.e., the savings in CO, equivalent (CO2q) average emissions per user due to behavioural
changes induced by the app, to the total cost of developing and running the app. The underlying assumption of this approach is that,
even though every ton of CO2.q emissions saved is a success for trying to prevent climate change, given the scarcity of resources and the
multitude of possible interventions, it is crucial to focus on measures that trigger the largest climate benefits relative to the cost
incurred for their implementation.

The project managers estimated the apps’ development and running costs based on project team efforts. The climate benefits are
estimated based on the publicly available outcomes of the real-world experiments with the apps (Grieder and Wemyss, 2021; Wemyss
et al., 2019). Further assumptions on the evolution of the benefits and the costs over time are based on the same sources. All as-
sumptions and data used are presented in Section 5 and the Appendix.

Importantly, based on the experimental evaluations, we only consider direct behavioural effects of app use that are quantifiable in
terms of COyeq emissions. The COgeq metric provides us with a relevant measure that is frequently used in similar CBAs (e.g. Ghesla
et al., 2020; Sidhu et al., 2018) and for which there exist numerous studies quantifying its impacts in terms of climate change and the
associated social cost (the “social cost of carbon” - SCC, see for instance Howard and Sterner 2017; Nordhaus 2017; Pindyck 2019;
Ricke et al. 2018; Rode et al. 2021).

The behavioural changes triggered by the two apps also have indirect environmental (and other) benefits. For instance, Grieder and
Wemyss (2021) found that enerjoy significantly increased app users’ knowledge about the relative carbon footprint of different foods
and mobility options, as well as increased app users’ perceived responsibility for climate change and personal norm for changing one’s
behaviour (see Steg et al. 2005; Stern et al. 1999 for the relevance of these concepts). Similarly, Wemyss et al. (2018) found that Social

1 With its Energy Strategy 2050, Switzerland is striving for a low-carbon society. In the past two decades, the country has been active both at the
strategic level, for instance by creating the inspirational concept of the 2000 Watt™ ton Society (Stulz et al., 2011), and at the practical level, for
instance by delivering generous incentives for energy refurbishment of buildings (Wiencke, 2013) and promoting energy efficiency in households
through the EnergieSchweiz programme (Sager et al., 2014).



D. Wemyss et al.

Table 2
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Guiding questions to identify the enabling and impeding conditions for impact.

Project phases
Project initiation and app

App implementation and evaluation

Long term maintenance and scale-up

development
Conditions  Technical What are the technical prerequisites What are technical opportunities and How can the technology evolve to
that are needed to make a project limitations that impact implementation? address challenges in the
feasible? What are socio-technical factors that are implementation?
relevant for project acceptance and uptake?
Organisational =~ What actors are necessary for project What intermediary actors are necessary for Who needs to be involved in long
acquisition? Who is involved in the marketing and recruitment (secondary roles, term maintenance of apps/
app development? trouble shooting, etc.)? interventions?
How do these actors reinforce certain
limitations or provide opportunities?
Political What regulatory conditions enable or ~ How do current political conditions impact What are intended and unintended
impede project development? implementation? effects of policy (e.g., for facilitating
scale-up)?
Where is there misalignment of
interests between business and
policy?
Financial What financing conditions enable or What foreseen and unforeseen costs are What are viable long term business

impede project acquisition? associated with implementation? models to ensure scale-up?

Power increased the self-reported prevalence of various additional pro-environmental behaviours and tended to have a positive effect
on perceived injunctive social norms about expected pro-environmental behaviour. These effects of app use are likely to trigger further
indirect climate benefits, which may be just as important as the direct effects that we consider. However, since they cannot be easily
quantified, indirect effects are not included and in our CBA: we take a conservative approach for estimating the apps’ climate benefits
by only considering quantifiable direct behavioural effects of app use. Our results should therefore be interpreted as capturing only a
lower bound of the climate benefits of the two apps.

However, we are aware that behaviour change apps, and social innovation in general, can have adverse effects. Mildenberger et al.
(2020) compiled a literature review on the effects of social innovation on society and found several unfavourable effects, such as
unequal opportunities and exaggerated confidence in its potential, causing opportunity costs (see, e.g., Brandsen et al., 2016; Fougere
and Merilainen, 2021). As these effects are hard to quantify, we also abstain from integrating them into our CBA.

Ultimately, the CBA we conduct needs to be interpreted bearing in mind the issue of commensurability. Measuring socio-cultural,
environmental, and economic impacts using a uniform metric is a complicated task (see Andersson and Lundberg (2013) for an
example of a method to reach commensurability for a tourism project). However, trying to reach full commensurability would be
exceeding our aim of an illustrative CBA for this analysis.

3.3. Enabling and impeding conditions for impact

The implementation contexts for behaviour change apps can differ greatly considering pressures, dependencies, opportunities, and
risks related to the development teams, users, and technologies involved, which may play out at both local and regional levels (van den
Heiligenberg et al., 2022). Thus, context influences success of the intervention and the benefits delivered by app use, particularly when
trying to address the acknowledged limitations of this approach. Thus to understand where limitations exist, we take a TSI lens
(Avelino et al., 2019) to identify interrelated enabling and impeding conditions. Inspired by the concept of harbours from van den
Heiligenberg et al. (2022) “as a combination of local and regional context conditions enabling the transfer of sustainability innovations
to and from other locations” (p. 375), we look at four conditions defining context: technical, organisational, political, and financial.
This lens is applied at the project level, as well as the level of dominant institutions locally and regionally.

Firstly, technical opportunities and limitations intrinsically influence the potential of a digital tool, such as a smartphone app. The
opportunities may range from data collection, consolidation, and display, to novel forms of reminders, gamification, community
building, and social innovation (De Rosa, 2017; Morton et al., 2019). Additionally, we acknowledge socio-technical conditions related
to the user’s experience and subsequent behavioural change. In particular, efficiency gaps, that is the difference between the theo-
retical efficiency and what is actually achieved, can stem from poor estimation of acceptance, trust, and ease of use of a technology
(Eon et al., 2018; Venkatesh and Bala, 2008).

Considering the multi-disciplinary teams required to run a behavioural intervention using a smartphone app, the organisational
context of actor networks, and their power interdependencies, are relevant (Avelino et al., 2019). For example, Schwanen (2015b)
points out the relevance of autonomy of cities in bringing about a sustainable mobility transition, and Parag and Janda (2014)
introduce the crucial functions of intermediary actors to advance local sustainability transitions. These examples highlight the need to
look beyond app development teams and users to identify actors that influence the transformative potential of the app.

Related to the organisational conditions, the political will to directly address climate issues can change the pace of transitions, by,
for example, re-assigning funds into transition research on behavioural interventions (Kern and Rogge, 2016). Further, policy signals
change citizens’ attitudes, for example towards uptake of renewable energy, and thus impact the acceptance of an intervention
(Kotilainen and Saari, 2018). Particularly for public energy utilities, policy can impose requirements for more demand-side



D. Wemyss et al. Environmental Innovation and Societal Transitions 47 (2023) 100702

management which supports collaboration with behaviour change designers (Hobbs and Centolella, 1995). Both the opportunities and
limitations of political leanings, and the subsequent impact on the relevant actors, need to be considered.

Finally, persuasive app interventions are heavily dependent on initial financing to reach a development maturity which can be
easily disseminated, thus exploiting the intrinsic value of digital tools for scale-up. Depending on the type of tool developed, i.e. an
independent smartphone app vs. a web app accessible through a smartphone, the costs of both development and maintenance can
substantially vary (Dalmasso et al., 2013).

Such conditions play different roles depending on the phase of a project’s lifecycle. The first phase starts with the initiation of a
behaviour change app project and includes all activities involved in developing the digital tool (e.g., design of persuasive app features;
software coding; connection between app servers and other technologies; testing and bug fixing), up until the app is tested in the real
world. The second phase covers the implementation and evaluation of the app in a behaviour change intervention with users. If such an
assessment provides encouraging results, the third phase starts, which corresponds to the app’s long-term maintenance and scale-up to
further users. To guide our analysis of the enabling and impeding conditions, we identified questions for each condition and each
project phase based on the prominent aspects highlighted in the literature (Table 2).

The questions aim to reveal the nuanced contexts which improve (or not) the potential of behaviour change apps to achieve a net
positive impact. Viewing the apps from this external lens situates them within the dominant structures, stakeholders, and processes
which can have intended and unintended consequences on their potential. To explore the context and identify the enabling and
impeding conditions for impact, we rely on the content analysis of the interviews with the app developers, as well as on our own direct
experience as members of the project teams.

4. Costs, benefits, and number of app users for break-even

Regarding the costs, for both apps we divide the total cost into development and maintenance costs. The estimated development
costs were quite different for the two apps. For Social Power, the estimate provided by the developers was 99,000 US Dollar, whereas
for enerjoy, which was developed in a commercial context, it was 825,000 US Dollar. The estimate for Social Power might be lower
because the app was developed within an academic research project, thus potentially not all costs are accounted for. For the CBA, we
assess the cost estimates provided by the respective developers and also assume higher development costs for Social Power. Based on
estimates from the developers, running costs are estimated at 44,000 US Dollar on average per year per app.”

Regarding the benefits, we first identify climate-relevant behaviour changes triggered by app use, then we estimate their monetary
value. For Social Power, Wemyss et al. (2018, 2019) tested the effect of the app compared to a control group in the short term (directly
after three months intensively using the app) and the long term (12 months using the app; N = 82). They found that the app users
consumed roughly 8% less electricity per household in the short term and roughly 5% less in the long term compared to their baseline
before the intervention; however, compared to the control group only the short-term difference is statistically significant (Wemyss
etal., 2018). However, both the short-term and the long-term effect are of similar magnitude compared to other similar experiments in
industrialized countries (e.g. Allcott 2011; Allcott and Mullainathan 2010; Andor et al. 2020; Delmas et al. 2013; Ghesla et al. 2020;
Iweka et al. 2019). We therefore use these point estimates as the best available evidence for the effect of Social Power for triggering
electricity consumption reductions.

As the data by Wemyss et al. (2019) indicate, the savings effect decreases over time. We thus assume that the app triggers an 8%
reduction in electricity consumption in the first 6 months of app use, a 5% reduction for months 7-12, and a 2% reduction for months
13-18. In the spirit of conservative estimates of the apps’ climate benefits, we assume that there are no lasting effects of the app after 18
months. This is a conservative assumption: it is likely that at least some users would still use the app and some savings might persist
longer into the future. However, a decrease in effectiveness usually comes from "relapse” effects (Ohnmacht et al., 2017; Prochaska and
Velicer, 1997). To overcome relapse, post-action or maintenance activities are usually needed, which consolidate a given effect and
maintain it in the long-term, however these were not specifically designed into Social Power. If in-app prompts had been implemented,
the savings observed during months 7-12 might have been maintained for longer, as was seen by Schleich et al. (2017) using
web-portals and written reports for electricity consumption feedback, or by Anderson et al. (2017), who used email to provide smart
metering feedback — and this in both cases where devices only delivered consumption feedback without additional motivational
features.

For enerjoy, Grieder and Wemyss (2021) conducted a field experiment (N=473) testing the impacts of app use after two and five
weeks.® They found a significant effect on participants’ food choices. Specifically, app users reduced dairy consumption by around 1.5
meals per week compared to the control group, corresponding to a consumption reduction of 5.4%. As we cannot estimate the decay
(or persistence) of the effect over time from the enerjoy study, for simplicity and comparability, we use the same decay rates as for
Social Power. According to these assumptions, the reduction in dairy consumption triggered by enerjoy is a 5.4% reduction for the first
6 months, dropping to a 3.3% reduction for months 7-12, and a 1.3% reduction from months 13-18. We again assume no lasting
behavioural effects of app use after 18 months.

Since the low-carbon behaviour changes manifest in reduced dairy and electricity consumption respectively, it is necessary to

2 Note that we do not consider the energy consumption caused by the app usage as this is difficult to estimate but likely very small (see, e.g., Yan
et al. 2019 for such estimates).

8 Appendix A1 provides more detailed information on the design, implementation, and sample characteristics of the field studies we rely on to
estimate app benefits.
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Table 3
Cost-benefit analysis (CBA): Summary of results.
enerjoy Social Power
m 2) 3) “@ )
CH GER CH GER
Development cost (USD) 825,000 99,000 99,000 825,000 825,000
Running cost per year (USD) 44,000 44,000 44,000 44,000 44,000
Total climate benefit per user (USD) 6.16 2.13 6.10 2.13 6.10
Number of users necessary to reach break-even point 144,233 36,043 13,866 190,749 73,381

Notes: All cost estimates were provided in Swiss Francs and converted to US Dollars at an exchange rate from early 2022 of 1.10 USD/CHF. The time
horizon of the analysis is 18 months, i.e., no costs or benefits are assumed to occur after that. Discount rate of 3%. See text and Tables A1 and A2 in the
Appendix for further assumptions.

convert this impact of the two apps into CO2¢q. To do so, we multiply the average consumption reduction (in percent) per app user with
the average consumption (in kWh of electricity per household for Social Power and in kg of dairy per capita for enerjoy) and the carbon
intensity per unit of consumption to get CO2¢q saved. The corresponding numbers and assumptions for the two apps are summarized in
Tables A2 and A3 in Appendix A2.

4.1. Social cost of carbon (SCC) and break-even points

In a next step, we multiply the estimated COq savings with the social cost of carbon (SCC) to get the (undiscounted) total climate
benefit of using the app for 18 months. SCC attempts to measure the societal cost of emitting one ton of CO2¢q in the atmosphere
(considering all possible impacts on the environment, the economy, human health, etc.). Thus, the role of SCC for commensurability is
central, since it translates COz¢q savings into monetary units that are comparable to the costs of developing and running the apps. It is
important to keep in mind that the concept of SCC itself is somewhat elusive and the value of the SCC is passionately debated (Pezzey,
2019). Various approaches such as integrated assessment models (Metcalf and Stock, 2020) or expert-knowledge elicitation (Pindyck,
2019) are being used to estimate its value, with each having major deficiencies. We employ a value of 175 USD per ton of CO2q, which
is within the currently most frequently used estimates according to the expert survey by Pindyck (2019), at the lower end given results
of Ricket et al. (2018), but close to the most recent estimates by Rennert et al. (2022) (for further estimates see Howard and Sterner
2017; Nordhaus 2017).

Finally, despite the short time horizon we consider (i.e., there are no costs or benefits of the apps after 18 months), we apply a
discount rate of 3% to all costs or benefits that accrue in this period, as it is common in environmental cost-benefit evaluations (see, e.
g., Atkinson and Mourato 2008 for a discussion). We chose this discount rate since it is within the range of most social CBAs in
industrialized countries (Zhuang et al., 2007) and also in the calculation of the SCC (e.g. Ricke et al. 2018; Rode et al. 2021). However,
the importance of the discount rate for our results is limited due to the short time frame considered.

Table 3 provides a summary of the results of our CBA. Column (1) presents the results for enerjoy, columns (2)-(5) for Social Power.
For Social Power, we provide different variants. Columns (2) and (3) use development costs estimated by the Social Power developers.
As discussed above, this estimate may be too low, because of the research context wherein Social Power was developed. Therefore, in
columns (4) and (5) we provide the analyses using the considerably higher development cost estimate from enerjoy. Moreover, as the
COo-intensity of the Swiss electricity mix is very low (because domestic electricity production is almost 100% hydro and nuclear
power), in columns (3) and (5) we run the analysis using the 2021 CO,-intensity of the German electricity mix, which is more CO2-
intensive, thus resulting in higher environmental benefits of the savings triggered by the app per user.

The last row in Table 3 provides the estimated break-even point, that is the number of app users that are necessary for the direct
climate benefits of app use (in terms of reduced CO2eq-emissions valued at the SCC) to outweigh the development and maintenance
costs. For enerjoy, we find that roughly 140,000 users are necessary to reach a net positive impact. This equals to roughly 300 times
more users than involved in the intervention. For Social Power, the necessary number of users varies between 14,000 and 190,000
depending on the assumed development cost and COs-intensity of the electricity saved. This equals to 140 — 1,900 times more users
than during the intervention.

These break-even numbers of users necessitate very significant scale-up efforts, which come at a cost not included in our analysis.
However, achieving such total user numbers appears feasible, as several similar apps were able to achieve considerable app downloads
in a rather short period of time. For instance, GoodGuide, an app providing environmental and ethical information on household
products, had over 400,000 downloads in its first year (Schwartz, 2010). And the H2020 project ENCHANT is working on behaviour
change interventions, potentially involving smartphone apps, targeting up to 10 million households in six countries (Carrus et al.,
2021).

Considering that the apps could be launched in all German-speaking countries with no additional translation cost, it seems that the
threshold for successful sustainable behaviour change apps to be viable is not trivial but in principle possible to reach. There are around
7.9 million smartphone users in Switzerland, 74.8 million in Germany, and 7.5 million in Austria (estimates for 2021 from O’Dea
(2020)), thus reaching 140,000 users would mean capturing 0.16% of the user base. Of course, the actual target group willing to
download and use such apps is limited, nevertheless the scale-up possibilities are potentially large. However, it is important to consider
the actual benefits that app use can trigger and to focus on contexts where such apps can have the largest climate impact, to ensure the
benefits will eventually outweigh the development and maintenance costs.
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Fig. 1. Overview of enabling and impeding conditions impacting each project phase.
5. Enabling and impeding conditions during project lifecycle

Significantly more users are required to obtain net climate benefits from the apps, thus conditions to decrease costs or increase
benefits are critical to examine. We highlight the conditions during the project lifecycle (as visualised in Fig. 1) for Social Power and
enerjoy which have either enabled or impeded their potential impact. Note these conditions are not mutually exclusive and thus their
interconnectivity is relevant within and between phases.

5.1. Project initiation and app development

At this phase, project financing and involved partners strongly define the direction the app develops. Project initiation, in both
cases, came from an external impulse: either a public research grant or internal funding by the local utility. Thus, alignment of the
(sometimes implicit) objectives between the funders and project team may limit app impact, despite both funding sources being
motivated by political decarbonisation goals. The enerjoy developer noted “We have a new energy law that is really strict ... and we
have to react to [it] ... we have to react on what people and the government want”, highlighting the tension between working within
the constraints of their funder, the local utility, while trying to capture the potential for app scale-up following the interests of the
users.

Considering the systemic nature of long-term mitigation and adaptation to climate change, political action is a necessary
component. The interplay between political (in)action and individual behaviour directly impacts engagement and the effectiveness of
interventions. Importantly, political interest can open funding opportunities, encourage (or enforce) different actors to work together,
or increase public acceptance and willingness to participate (Becker and Naumann, 2017; Purtik and Arenas, 2019; Sung and Park,
2018). As Swiss energy utilities are publicly owned, and Swiss citizens have direct influence on politics through the direct democracy
system, local attitudes and political interest can lower barriers to develop such projects. Political support can help to amplify the
diffusion of app-based tools, favouring their uptake and sustained use over time by a larger and more diverse audience, and thus
support the creation of wide-scale benefits. However, when poorly implemented or when power dynamics are not addressed,
participation can alienate or deter communities and reduce acceptance (Macdonald et al., 2017).

Political influences can enable or impede project initiation but are also relevant for continuity of an app into the future. This is the
case particularly for enerjoy, where the involvement of the local energy utility brings complexity: the app exists due to internal
financing which provides security, however this also creates a power dynamic wherein an economic bottom line and company’s goals
impose pressure which may not always align with the desired impact by the project team. For Social Power, the struggle was in finding
partners willing to take advantage of the already installed smart meters to capture added-value of their data.

A behaviour change intervention occurs within a network of actors and intermediaries who can hold different roles in enabling or
impeding the success of the intervention (Parag and Janda, 2014). Beyond the focal actors, such as the research team and app de-
velopers, additional businesses (e.g., restaurants, electricians), formal and informal social groups (e.g., church communities, university
students, local associations and NGOs), the public administration (e.g., department of transportation, commission for research
funding), and policymakers are relevant actors for project initiation, participant recruitment, implementation success, and long-term
continuity. It is crucial to find ways to balance engagement and input from these actors and rapid development of the app (see, e.g.,
Abrahamsson et al., 2002). Furthermore, app-based behaviour change interventions should extend their collaborator networks to
capture more partner and user buy-in, as well as ease processes and ensure sufficient resources to grow beyond the test phase,
guaranteeing viability for long-term implementation.

5.2. App implementation and evaluation

Both apps were developed and tested in real-world settings using control groups, to determine causal effects of the apps. While this
approach is scientifically rigorous, for enerjoy the need for a control group meant that only part of the recruited study participants
could receive the app to use. Recruiting enough participants to be able to make statistically robust inferences and draw meaningful
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conclusions about the impact of the tested app is an important step, and if not successful can generate additional recruitment costs or
yield inconclusive results.

Participant management during registration and app familiarization was carried out by the project teams during the experiments.
Most of this process was automated through an online registration tool, however there remained many individual cases that had to be
managed, particularly in the case of Social Power where additional set-up was necessary to connect to household smart meters.
Considering the need for scale-up, the personnel costs for participant management would be too large without further automation of
this stage. Trust plays a role in app uptake and use, and an existing relationship was found to be supportive. For Social Power, initial
communication to the household came from their energy provider, and the longer-term customer relationship legitimized the project.

Additionally, the automatically collected data or relevant databases presented to the user, such as the CO; footprinting data used in
enerjoy, need to be reliable and transparent, as this form of behavioural intervention centres around meaningful and trustworthy
personalized information feedback. From the technical perspective, designing automated or user-provided data collection presents a
trade-off that needs to be carefully assessed depending on the user’s willingness to engage in each data-centric application (Lidwell
etal., 2010). Automated collection may provide a certain insight, accuracy, and novelty into more unknown areas of consumption, like
energy (Hargreaves et al., 2010). However, automation allows for distance between individuals and the impact of their consumption
practices, making it easier to forget once the novelty has worn off (Hargreaves et al., 2013).

For Social Power, several challenges arose with the transfer of the electricity consumption data to the app. Due to data protection
laws, household electricity consumption data are considered to be sensitive personal data and thus it is only possible to access the
smart meter data once per day, despite the consumption data being produced every 15 min. In addition, there was a physical limitation
on the amount of transmitted data, thus some users had gaps in the data displayed in the app. This is not what participants expected
from a proposed “real-time” electricity consumption solution.

Enerjoy presented a different data management case, as all the user data in the app was provided by users themselves and connected
to an extensive database to calculate the CO; footprint. Providing one’s own data affords some experimentation with alternative, yet
fake, inputs, such as for instance exploring the footprint of eating meat, if one is vegan, or vice-versa. Misusing the app in this way is not
necessarily problematic, as it is meant to allow the user to explore new behaviours and not as a controlling tool. Here the challenge is to
encourage participants to provide their consumption data, as the app has no automatic data collection. High dropouts were expected
by the enerjoy app developers, thus continuous communication was provided during the experiment which helped keep participant
attrition at acceptable levels, however this involved additional work for the project team.

Also, data provided by users when tracking their own behaviours (e.g., what they eat or how they use electrical appliances) can
offer particularly unique design opportunities for behaviours which have no or insufficient automated collection. This may be relevant
when addressing behaviours in more complex practice settings which are impacted by social, economic, and structural conditions
(Shove and Walker, 2014).

As data protection awareness of the users increases, as seen with the introduction of the EU General Regulations on Data Protection
(GDPR) in 2018 (Kovacs, 2019), users are nonetheless purpose-driven and many may disregard the data management policy in order to
skip to their primary use (Sandovar et al., 2016; Shklovski et al., 2014). Further, as data management becomes more regulated, efforts
for compliance need to be anticipated in future data-driven behaviour change apps. While the data transmission issues experienced in
Social Power can likely be overcome, the data protection laws continue to restrict the added value of the highly granular electricity
data that is possible with smart meters. Considering that the Swiss smart meter roll-out is a political mandate, this contradiction with
the access to the data requires attention. Thus, the future of data-driven behaviour change will evolve within a socio-technical-political
landscape.

6. Long term maintenance and scale-up

Despite Social Power being initiated as a research project, and enerjoy being tested within one, both apps were conceptualized to be
used beyond their study period to achieve the growth that appears easy through accessibility of an app store. In both cases, however,
the jump from a project into a self-sustaining business is yet to be achieved (see Table 1 for further details). The Social Power
developer, having experience in both commercial and research projects, acknowledged the opportunity for apps, but also the challenge
to develop a business case: “Developing an application is a very risky business, if you expect to make your money out of the market. There are
hundreds of applications competing for the same users, the very same money, and just one or two can make money and the other thousand would
be just there”. Even in the smaller domain of climate-related behaviour change apps, strong competition exists, and user uptake will
depend on more than functionality, but on transparency, privacy, trust, and cost (Brauer et al., 2016).

In general, consumers’ willingness to pay for apps is low (Niemand et al., 2019), and this may be even more the case for societal and
environmental topics which have less direct intrinsic value, in comparison to self-improvement apps, such as fitness trackers. Thus
climate-related apps may be difficult to finance over the traditional methods of subscription fee, advertising, or affiliate sales, and thus
need to look for a multi-dimensional value capture considering the additional social and environmental benefits (Gregori and Holz-
mann, 2020).

Furthermore, as app development is dependent on a supporting technological ecosystem, it is not possible to plan for consistency
over the long-term, and requires the necessary financial planning to continue to update the app: “I think that nobody in the mobile
industry makes [a multi-year] forecast for an application because nobody knows what the market will be like in five years... The technology you
are using, the version of your tool chain compilers, and tools, become obsolete in such a long timeframe. Probably in an academic project, it
could be acceptable to be on the market with something that is not absolutely cutting edge in terms of technology, in terms of design... If you plan
an application, especially for mobile devices, you have to think about a very fast development cycle” (Social Power developer). While apps are
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Table Al
Characteristics of field studies.
Social Power enerjoy
Study period Oct 2015 - May 2017 Oct 2020-Dec 2020
Unit of analysis Household Individual
Main data used to evaluate app Smart meter data on electricity consumption Self-reported food consumption and
impact mobility behaviour
Treatment Control Treatment Control
Final # observations 42 40 341 132
Assignment to group Voluntary sign-up for Matched control households (unaware of Random Random
study study)
Demographics Single house/h: 63% 59% Mean age: 25.3 25.3
Family house/h: 37% 41% Females: 69% 64%
Apartments: 72% 72% Males: 31% 36%
Houses: 28% 28% Students: 96% 95%
Employed (fully or partly): 67%
62%

Table A2
Assumptions used for calculating the climate benefits of Social Power in terms of COq savings.
Switzerland Germany
Average yearly electricity consumption per 1,300 kWh (Swiss Federal Office of Energy, 1,300 kWh (German Association of Energy Industries & Water,
capita 2016) 2021)
Average household size 2.2 (Swiss Federal Office of Statistics, 2021) 2.0 (German Federal Institute for Population Research, 2021)
CO4¢q emissions per kWh electricity 128g (Krebs & Frischknecht, 2018) 366g (German Environment Agency, 2021)
Assumed consumption reduction (based on Wemyss et al., 2018):
1-6 months (after app-use) 8%
7-12 months 5%
13-18 months 2%
>18 months 0%

Table A3
Assumptions used for calculating the climate benefits of enerjoy in terms of COg¢q savings.
Average yearly dairy consumption per capita in Switzerland 299.1 kg (Swiss Federal Office of Agriculture, 2021)"
COx¢q emissions per kg of milk 2,400g (FAO, 2010)
Assumed consumption reduction (Wemyss & Grieder, 2021):
1-6 months (after app-use) 5.4%
7-12 months 3.3%
13-18 months 1.3%
>18 months 0%

# Note that the dairy consumption in these sources is measured in whole milk equivalents which means that we are using the CO,
emissions for milk and not dairy in our calculations.

ubiquitous, Google and Apple control the availability of apps to smartphone users, with only minor exceptions (e.g., F-droid), and thus
all innovation possibilities are limited by these platforms. Correspondingly, maintaining functionalities of apps through the frequent
iOS and Android operating systems updates can be cost-intensive and may remove functionalities overnight (Yang et al., 2018).

For Social Power, further implementation is dependent on research funding, and thus the project team had only minimal resources
to promote the app. Additionally, the current market conditions in Switzerland, with utilities acting as monopoly providers to
household customers within their region (Miihlemeier, 2019), do not incentivise utilities to implement innovative customer-oriented
products. The support for enerjoy from the local utility is an exception in this regard. With the planned liberalisation of the household
electricity market in Switzerland (Swiss Federal Office of Energy, 2020) or an increased policy focus on a low-carbon society, an
approach like Social Power or enerjoy may become more attractive to engage consumers.

A significant financial base is critical for app development, whether it be in the private sector or research. As is seen in both cases,
the initial sunk costs for development were financed outside of a viable business model, which is a necessary starting point.
Considering both the time required to change behaviour, as well as the scale of climate change challenges, either intervention
financing or another revenue stream should support the maintenance of the desired behaviour for multiple years and allow for scale-up
to more users (Ohnmacht et al., 2017; Wilhite et al., 2006). This tension has already emerged as “typical” within social innovation in
the energy domain, particularly community-based renewable energy projects (Bere et al., 2017; Branker et al., 2011). In theory,
repeated implementation of an app should see a rapid decrease in the running cost per user, as onboarding and management can
become more automated and simplified. While the support system for getting a project started and implemented exists, currently a
viable business model is missing to secure continued implementation and relevant impact.

10
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7. Conclusion

In this paper we have presented two cases of behaviour change apps, enerjoy and Social Power, and assessed their capability to
foster TSI to support the transition to a low carbon society. This assessment adds a transitions system view to the calls for improved
rigour in design, implementation, and evaluation of behaviour change apps, wherein critiques range from a lack of theory-informed
practices hindering evaluation and reproducibility (Beck et al., 2019; Douglas and Brauer, 2021), to the short-term focus of most
studies (Chatzigeorgiou and Andreou, 2021), or reflections on gamification and use of ICT in sustainability domains (Beck et al., 2019;
Knowles et al., 2018; Morton et al., 2019), and the reductionist notion of smartphone apps (Schwanen, 2015a). We contribute to this
discussion by looking beyond the direct behaviour change to address the conditions supporting long-term transformative impact, as
well as the number of users required to reach a positive benefit.

We highlight several perspectives for capturing the transition relevance of behaviour change apps, mainly: understanding the
advantages and constraints of implementing an app in a rapidly changing technological and data protection environment; aligning
long-term goals between actors to secure political and financial support; and reflecting on the feasibility to scale-up users to an
ambitious break-even point.

It is important to recognize that these two apps, while being concrete examples of social innovation in a low-carbon transition
context, are not necessarily generalizable to all apps for sustainability or for contexts largely different than Switzerland. Specifically,
these behaviour change apps have changed knowledge and practices of users, asked for reflection on the local utilities’ business
models, and ultimately questioned the prevailing narrative around “technology-first” approaches in Switzerland. In other countries,
the institutional barriers are indisputably different, and yet are necessarily intrinsic to the success of this approach.

For future research, we recommend behaviour change initiators explore their intervention contexts, from the perspective of the
prevailing technical, organisational, political, and financial conditions, by addressing the questions summarized in Table 2. Under-
standing which specific conditions can enable or impede the large-scale transformative potential of an app can support the decision
about the development of tools, as well as help to innovate for the “long game” of behaviour change, in order to identify viable business
models and obtain the suitable (government or other) support for the needed long-term scale-up.

Considering the urgency to address climate change, funding for behaviour change policy and initiatives should necessarily be
directed to have long-term impact following on cost-effective choices for scale-up (Nielsen et al., 2021). The necessary number of users
obtained from the CBA indicate that behaviour change apps are only a judicious option for research or policy if considered within a
realistic long-term scale-up strategy.
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Appendix
Al. Details of enerjoy and social power field experiments

Social Power and enerjoy were both tested in field studies in Switzerland to evaluate the effects of the app. Social Power was
developed and tested in 2015-2017 (see Wemyss et al., 2018, 2019), enerjoy was developed and tested in 2019-2020 (see Grieder and
Wemyss, 2021). The Social Power study did not have fully random assignment of participants to treatment and control groups, whereas
the enerjoy study did. In the Social Power study, households who had expressed an interest in using the app were all assigned to a
treatment group receiving one of the versions of the app and their electricity consumption was compared to a control group that was
unaware of the study during the intervention period. The enerjoy study also relied on a self-selected sample (which seems appropriate
given that the effectiveness of the apps was to be tested for the interested target group), yet it had full random assignment of par-
ticipants to treatment group (with one of two versions of the app) and control group (without the app). Table A1 below summarizes
some basic information on the design, implementation, and sample characteristics of the two studies. The original papers cited above
provide full details.

A2. Assumptions used for calculation of climate benefits of app use

To estimate the climate benefits of the two apps in terms of CO2¢q reductions, we multiplied the consumption reduction (in percent)
per app user obtained from the field studies by Wemyss et al. (2018, 2019) and Grieder and Wemyss (2021) with the average con-
sumption (in kWh per household for electricity for Social Power and in kg per capita for dairy for enerjoy) and the carbon intensity per
unit of consumption. In Switzerland, the average yearly per capita electricity consumption amounts to 1,300 kWh (Swiss Federal Office
of Energy, 2016), which we multiplied by the average household-size of 2.2 (Swiss Federal Office of Statistics, 2021), to obtain a rough
estimate of average consumption per household. The average per capita dairy consumption is 299.1 kg (Agristat, 2021). The amount of
CO2eq emissions of 2.4 kg per kg of milk was obtained from a lifecycle assessment of greenhouse gas emissions from milk production
provided by the United Nations (Food Agriculture Organization, 2010). The average emissions for the Swiss electricity mix of 128 g per
kWh were taken from a study commissioned by the Swiss Federal Office of the Environment (Krebs and Frischknecht, 2018). As the
Swiss electricity mix has relatively low CO2¢q emissions (because domestic electricity production is almost 100% hydro and nuclear
power), we also provide results using data from Germany, where the current electricity mix is more CO»-intensive. As for Switzerland,
we multiplied average electricity consumption per capita of 1,300 kWh per year (German Association of Energy Industries and Water,
2021) with the average household-size of 2 (German Federal Institute for Population Research, 2021), to obtain average consumption
per household. For the CO2-intensity, we used the value of 366 g per kWh from the German Environmental Department (German
Environment Agency, 2021).

Tables A2 (Social Power) and A3 (enerjoy) provide an overview of the assumptions used in the calculation of the climate benefits
(CO2¢q savings) in the cost-benefit analysis reported in Section 4.

References

Abrahamsson, P., Salo, O., Ronkainen, J., Warsta, J., 2002. Agile Software Development Methods: Review and Analysis. VIT Publication, Espoo, Finland, 478.

Agristat, 2021. Milchstatistik der Schweiz. Verbrauch von Milch und Milchprodukten geméss Nahrungsmittelbilanz. Swiss Federal Office of Agriculture.

Allcott, H., Mullainathan, S., 2010. Behavior and energy policy. Science 327 (5970), 1204-1205.

Allcott, H., 2011. Social norms and energy conservation. J. Public Econ. 95 (9-10), 1082-1095.

Anagnostopoulou, E., Bothos, E., Magoutas, B., Schrammel, J., Mentzas, G., 2018. Persuasive technologies for sustainable mobility: state of the art and emerging
trends. Sustainability 10 (7), 2128.

Andersen, A.D., Frenken, K., Galaz, V., Kern, F., Klerkx, L., Mouthaan, M., Piscicelli, L., Schor, J.B., Vaskelainen, T., 2021. On digitalization and sustainability
transitions. Environ. Innov. Soc. Transit. 41, 96-98.

Anderson, K., Song, K., Lee, S., Krupka, E., Lee, H., Park, M., 2017. Longitudinal analysis of normative energy use feedback on dormitory occupants. Appl. Energy 189
(Supplement C), 623-639. https://doi.org/10.1016/j.apenergy.2016.12.086.

Andersson, T.D., Lundberg, E., 2013. Commensurability and sustainability: Triple impact assessments of a tourism event. Tour. Manag. 37, 99-109. https://doi.org/
10.1016/j.tourman.2012.12.015.

Andersson, A., Hiselius, L.W., Adell, E., 2018. Promoting sustainable travel behaviour through the use of smartphone applications: a review and development of a
conceptual model. Travel Behav. Soc. 11, 52-61.

Andor, M.A., Gerster, A., Peters, J., Schmidt, C.M., 2020. Social norms and energy conservation beyond the US. J. Environ. Econ. Manag. 103, 102351.

Atkinson, G., Mourato, S., 2008. Environmental cost-benefit analysis. Annu. Rev. Environ. Resour. 33, 317-344.

Avelino, F., Wittmayer, J.M., Pel, B., Weaver, P., Dumitru, A., Haxeltine, A., Kemp, R., Jorgensen, M.S., Bauler, T., Ruijsink, S., 2019. Transformative social innovation
and (dis) empowerment. Technol. Forecast. Soc. Chang. 145, 195-206.

Beck, A.L., Chitalia, S., Rai, V., 2019. Not so gameful: a critical review of gamification in mobile energy applications. Energy Res. Soc. Sci. 51, 32-39.

Becker, S., Naumann, M., 2017. Energy democracy: mapping the debate on energy alternatives. Geogr. Compass 11 (8), e12321.

Bere, J., Jones, C., Jones, S., Munday, M., 2017. Energy and development in the periphery: a regional perspective on small hydropower projects. Environ. Plan. C-
Polit. Space 35 (2), 355-375. https://doi.org/10.1177/0263774x16662029.

Brandsen, T., Evers, A., Cattacin, S., Zimmer, A., 2016. The good, the bad and the ugly in social innovation. In: Social innovations in the urban context. Springer,
pp. 303-310.

Branker, K., Shackles, E., Pearce, J.M., 2011. Peer-to-peer financing mechanisms to accelerate renewable energy deployment. J. Sustain. Financ. Invest. 1 (2),
138-155. https://doi.org/10.1080/20430795.2011.582325.

12


http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0001
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0002
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0004
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0003
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0005
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0005
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0006
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0006
https://doi.org/10.1016/j.apenergy.2016.12.086
https://doi.org/10.1016/j.tourman.2012.12.015
https://doi.org/10.1016/j.tourman.2012.12.015
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0008
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0008
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0009
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0010
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0011
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0011
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0012
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0013
https://doi.org/10.1177/0263774&times;16662029
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0015
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0015
https://doi.org/10.1080/20430795.2011.582325

D. Wemyss et al. Environmental Innovation and Societal Transitions 47 (2023) 100702

Brauer, B., Ebermann, C., Hildebrandt, B., Remané, G., Kolbe, L.M., Brauer, B., Ebermann, C., Hildebrandt, B., Remané, G., 2016. Green by app: the contribution of
mobile applications to environmental sustainability recommended citation. In: Proceedings of the Pacific Asia Conference on Information Systems 2016, pp. 1-17.
http://aisel.aisnet.org/pacis2016,/220.

Carrus, G., Tiberio, L., Caffaro, F., Mastandrea, S., Gregorio, D., Klockner, C.A., Vesely, S., Kollmann, A., Cohen, J., Reichl, J., Nilsen, B.T., Rgyvik, J., Sinea, A.,
Biresselioglu, M.E., Demir, M.H., Sink, K., Steininger, J., 2021. Design of Intervention Matrix and Definition of RCT Protocols. ENCHANT. https://enchant-project.
eu/deliverables/.

Chatzigeorgiou, .M., Andreou, G.T., 2021. A systematic review on feedback research for residential energy behavior change through mobile and web interfaces.
Renew. Sustain. Energy Rev. 135, 110187.

Dalmasso, I., Datta, S.K., Bonnet, C., Nikaein, N., 2013. Survey, comparison and evaluation of cross platform mobile application development tools. In: Proceedings of
the 9th International Wireless Communications and Mobile Computing Conference (IWCMC), pp. 323-328. https://doi.org/10.1109/IWCMC.2013.6583580.

De Rosa, E., 2017. Social innovation and ICT in social services: European experiences compared. Innov. Eur. J. Soc. Sci. Res. 30 (4), 421-432. https://doi.org/
10.1080/13511610.2017.1348936.

Dedehayir, O., Steinert, M., 2016. The hype cycle model: a review and future directions. Technol. Forecast. Soc. Chang. 108, 28-41. https://doi.org/10.1016/j.
techfore.2016.04.005.

Delmas, M.A., Fischlein, M., Asensio, O.I., 2013. Information strategies and energy conservation behavior: a meta-analysis of experimental studies from 1975 to 2012.
Energy Policy 61, 729-739.

Douglas, B.D., Brauer, M., 2021. Gamification to prevent climate change: a review of games and apps for sustainability. Curr. Opin. Psychol. 42, 89-94.

Eon, C., Morrison, G.M., Byrne, J., 2018. The influence of design and everyday practices on individual heating and cooling behaviour in residential homes. Energy
Effic. 11 (2), 273-293. https://doi.org/10.1007/s12053-017-9563-y.

Fenn, J., Raskino, M., 2008. Mastering the Hype Cycle: How to Choose the Right Innovation at the Right Time. Harvard Business Press.

Food Agriculture Organization, 2010. Greenhouse Gas Emissions from the Dairy Sector — A Life Cycle Assessment. FAO (Food and Agriculture Organization of the
United Nations). https://www.fao.org/3/k7930e/k7930e00.pdf.

Fougere, M., Merildinen, E., 2021. Exposing three dark sides of social innovation through critical perspectives on resilience. Ind. Innov. 28 (1), 1-18. https://doi.org/
10.1080/13662716.2019.1709420.

Froehlich, J., Findlater, L., Landay, J., 2010. The design of eco-feedback technology. In: Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems, pp. 1999-2008.

Gebken, L., Drews, P., Kurtz, C., Schirmer, I., 2021. Human-value-oriented digital social innovation: a multilevel design framework. In: Proceedings of the Forty-
Second International Conference on Information Systems. December.

Geels, F.W., Pieters, T., Snelders, S., 2007. Cultural enthusiasm, resistance and the societal embedding of new technologies: psychotropic drugs in the 20th century.
Technol. Anal. Strateg. Manag. 19 (2), 145-165.

German Association of Energy Industries & Water, 2021. Strombedarf der Haushalte — Durchschnittlicher Stromverbauch je Haushalt nach Haushaltsgrossen. German
Associaton of Energy and Water Industries. https://www.bdew.de/media/documents/Grafik BDEW_Stromverbrauch_Haushalte nach_Gr {\"{o}}{\ss}e.pdf.

German Environment Agency, 2021. Entwicklung der Spezifischen Kohlendioxid-Emissionen des Deutschen Strommix 1990-2020. German Environment Agency.
https://www.umweltbundesamt.de/sites/default/files/medien/372/bilder/strommix-2020.png.

German Federal Institute for Population Research, 2021. Zahl der Privathaushalte und Durchschnittliche HaushaltsgroBe in Deutschland (1871-2018). Bundesinstitut
fiir Bevolkerungsforschung (BiB). https://www.bib.bund.de/Permalink.html?id=10321562.

Ghesla, C., Grieder, M., Schubert, R., 2020. Nudging the poor and the rich-a field study on the distributional effects of green electricity defaults. Energy Econ. 86,
104616.

Gregori, P., Holzmann, P., 2020. Digital sustainable entrepreneurship: a business model perspective on embedding digital technologies for social and environmental
value creation. J. Clean. Prod. 272 https://doi.org/10.1016/j.jclepro.2020.122817.

Grieder, M., & Wemyss, D. (2021). Report on the SIE City Lab in Basel (SONNET Social Innovation in Energy Transitions - Deliverables). https://sonnet-energy.eu/wp-
content/uploads/2022/02/SONNET_D4_7_BASEL.pdf.

Hargreaves, T., Nye, M., Burgess, J., 2010. Making energy visible: a qualitative field study of how householders interact with feedback from smart energy monitors.
Energy Policy 38 (10), 6111-6119.

Hargreaves, T., Nye, M., Burgess, J., 2013. Keeping energy visible? Exploring how householders interact with feedback from smart energy monitors in the longer term.
Energy Policy 52, 126-134.

Hedin, B., Katzeff, C., Eriksson, E., Pargman, D., 2019. A systematic review of digital behaviour change interventions for more sustainable food consumption.
Sustainability 11 (9), 2638.

Hobbs, Centolella, 1995. Environmental policies and their effects on utility planning and operations. Energy 20 (4), 255-271.

Howard, P.H., Sterner, T., 2017. Few and not so far between: a meta-analysis of climate damage estimates. Environ. Resour. Econ. 68 (1), 197-225.

Iweka, O., Liu, S., Shukla, A., Yan, D., 2019. Energy and behaviour at home: a review of intervention methods and practices. Energy Res. Soc. Sci. 57, 101238.

Kern, F., Rogge, K.S., 2016. The pace of governed energy transitions: Agency, international dynamics and the global Paris agreement accelerating decarbonisation
processes? Energy Res. Soc. Sci. 22, 13-17. https://doi.org/10.1016/j.erss.2016.08.016.

Kester, J., Sovacool, B.K., Noel, L., de Rubens, G.Z., 2020. Between hope, hype, and hell: electric mobility and the interplay of fear and desire in sustainability
transitions. Environ. Innov. Soc. Transit. 35, 88-102.

Knowles, B., Bates, O., Hékansson, M., 2018. This changes sustainable hci. In: Proceedings of the CHI Conference on Human Factors in Computing Systems, pp. 1-12.

Kotilainen, K., Saari, U., 2018. Policy influence on consumers’ evolution into prosumers—empirical findings from an exploratory survey in Europe. Sustainability 10
(2), 186. https://doi.org/10.3390/5u10010186.

Kovacs, Z., 2019. The impact of the GDPR on data privacy experience. Aalto University. School of Business. http://urn.fi/URN:NBN:fi:aalto-201906163807.

Krebs, L., Frischknecht, R., 2018. Umweltbilanz Strommixe Schweiz 2018. Bundesamtes fiir Umwelt (BAFU). https://www.bafu.admin.ch/dam/bafu/de/dokumente/
klima/fachinfo-daten/Umweltbilanz-Strommix-Schweiz-2018-v2.01.pdf.download.pdf/Umweltbilanz-Strommix-Schweiz-2018-v2.01.pdf.

Kriechbaum, M., Posch, A., Hauswiesner, A., 2021. Hype cycles during socio-technical transitions: the dynamics of collective expectations about renewable energy in
Germany. Res. Policy 50 (9), 104262. https://doi.org/10.1016/j.respol.2021.104262.

Lidwell, W., Holden, K., Butler, J., 2010. Universal Principles of Design, Revised and Updated: 125 Ways to Enhance Usability, Influence Perception, Increase Appeal,
Make Better Design Decisions, and Teach Through Design. Rockport Pub.

Loorbach, D., Wittmayer, J., Avelino, F., von Wirth, T., Frantzeskaki, N., 2020. Transformative innovation and translocal diffusion. Environ. Innov. Soc. Transit. 35
(February 2019), 251-260. https://doi.org/10.1016/j.eist.2020.01.009.

Miihlemeier, S., 2019. Dinosaurs in transition? A conceptual exploration of local incumbents in the swiss and German energy transition. Environ. Innov. Soc. Transit.
31, 126-143.

Macdonald, C., Glass, J., Creamer, E., 2017. What is the benefit of community benefits? Exploring local perceptions of the provision of community benefits from a
commercial wind energy project. Scott. Geogr. J. 133 (3-4), 172-191. https://doi.org/10.1080/14702541.2017.1406132.

Metcalf, G.E., Stock, J.H., 2020. Integrated assessment models and the social cost of carbon: a review and assessment of US experience. Rev. Environ. Econ. Policy. 11
(1), 80-99.

Mildenberger, G., Schimpf, G., Streicher, J., 2020. Social innovation assessment? Reflections on the impacts of social innovation on society-outcomes of a systematic
literature review. Eur. Public Soc. Innov. Rev. 5 (2), 1-13.

Morton, A., Reeves, A., Bull, R., Preston, S., 2019. ICT for sustainability: Reflecting on the role of ICT to enhance communication and empowerment of building users.
In: Proceedings of the ECEEE 2019 Summer Study, pp. 855-864.

Nielsen, K.S., Cologna, V., Lange, F., Brick, C., Stern, P.C., 2021. The case for impact-focused environmental psychology. J. Environ. Psychol. 10-12. https://doi.org/
10.1016/j.jenvp.2021.101559. January.

13


http://aisel.aisnet.org/pacis2016/220
https://enchant-project.eu/deliverables/
https://enchant-project.eu/deliverables/
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0019
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0019
https://doi.org/10.1109/IWCMC.2013.6583580
https://doi.org/10.1080/13511610.2017.1348936
https://doi.org/10.1080/13511610.2017.1348936
https://doi.org/10.1016/j.techfore.2016.04.005
https://doi.org/10.1016/j.techfore.2016.04.005
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0023
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0023
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0024
https://doi.org/10.1007/s12053-017-9563-y
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0026
https://www.fao.org/3/k7930e/k7930e00.pdf
https://doi.org/10.1080/13662716.2019.1709420
https://doi.org/10.1080/13662716.2019.1709420
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0029
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0029
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0030
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0030
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0031
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0031
https://www.bdew.de/media/documents/Grafik_BDEW_Stromverbrauch_Haushalte_nach_Gr
https://www.umweltbundesamt.de/sites/default/files/medien/372/bilder/strommix-2020.png
https://www.bib.bund.de/Permalink.html?id=10321562
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0035
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0035
https://doi.org/10.1016/j.jclepro.2020.122817
https://sonnet-energy.eu/wp-content/uploads/2022/02/SONNET_D4_7_BASEL.pdf
https://sonnet-energy.eu/wp-content/uploads/2022/02/SONNET_D4_7_BASEL.pdf
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0038
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0038
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0039
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0039
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0040
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0040
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0041
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0042
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0043
https://doi.org/10.1016/j.erss.2016.08.016
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0045
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0045
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0046
https://doi.org/10.3390/su10010186
http://urn.fi/URN:NBN:fi:aalto-201906163807
https://www.bafu.admin.ch/dam/bafu/de/dokumente/klima/fachinfo-daten/Umweltbilanz-Strommix-Schweiz-2018-v2.01.pdf.download.pdf/Umweltbilanz-Strommix-Schweiz-2018-v2.01.pdf
https://www.bafu.admin.ch/dam/bafu/de/dokumente/klima/fachinfo-daten/Umweltbilanz-Strommix-Schweiz-2018-v2.01.pdf.download.pdf/Umweltbilanz-Strommix-Schweiz-2018-v2.01.pdf
https://doi.org/10.1016/j.respol.2021.104262
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0051
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0051
https://doi.org/10.1016/j.eist.2020.01.009
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0057
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0057
https://doi.org/10.1080/14702541.2017.1406132
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0054
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0054
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0055
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0055
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0056
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0056
https://doi.org/10.1016/j.jenvp.2021.101559
https://doi.org/10.1016/j.jenvp.2021.101559

D. Wemyss et al. Environmental Innovation and Societal Transitions 47 (2023) 100702

Niemand, T., Mai, R., Kraus, S., 2019. The zero-price effect in freemium business models: The moderating effects of free mentality and price-quality inference.
Psychol. Mark. 36 (8), 773-790.

Nordhaus, W.D., 2017. Revisiting the social cost of carbon. Proc. Natl Acad. Sci. 114 (7), 1518-1523.

O’Dea. (2020). Smartphone users in Switzerland 2018-2024 | Statista. https://www.statista.com/statistics/494640/smartphone-users-in-switzerland/ Accessed
September 21, 2022.

Ohnmacht, T., Schaffner, D., Weibel, C., Schad, H., 2017. Rethinking social psychology and intervention design: a model of energy savings and human behavior.
Energy Res. Soc. Sci. 26, 40-53. https://doi.org/10.1016/j.erss.2017.01.017.

Parag, Y., Janda, K.B., 2014. More than filler: Middle actors and socio-technical change in the energy system from the “middle-out. Energy Res. Soc. Sci. 3, 102-112.
https://doi.org/10.1016/j.erss.2014.07.011.

Pel, B., Haxeltine, A., Avelino, F., Dumitru, A., Kemp, R., Bauler, T., Kunze, I., Dorland, J., Wittmayer, J., Jorgensen, M.S., 2020. Towards a theory of transformative
social innovation: a relational framework and 12 propositions. Res. Policy 49 (8), 104080.

Pezzey, J.C.V., 2019. Why the social cost of carbon will always be disputed. Wiley Interdiscip. Rev. Clim. Chang. 10 (1), e558.

Pindyck, R.S., 2019. The social cost of carbon revisited. J. Environ. Econ. Manag. 94, 140-160.

Prochaska, J.O., Velicer, W.F., 1997. The transtheoretical model of health behavior change. Am. J. Health Promot. 12 (1), 38-48. https://doi.org/10.4278/0890-
1171-12.1.38.

Purtik, H., Arenas, D., 2019. Embedding social innovation: shaping societal norms and behaviors throughout the innovation process. Bus. Soc. 58 (5), 963-1002.

Rennert, K., Errickson, F., Prest, B.C., Rennels, L., Newell, R.G., Pizer, W., Kingdon, C., Wingenroth, J., Cooke, R., Parthum, B., 2022. Comprehensive evidence implies
a higher social cost of CO,. Nature. 610 (7933) 687 - 692.

Ricke, K., Drouet, L., Caldeira, K., Tavoni, M., 2018. Country-level social cost of carbon. Nat. Clim. Chang. 8 (10), 895-900.

Rode, A., Carleton, T., Delgado, M., Greenstone, M., Houser, T., Hsiang, S., Hultgren, A., Jina, A., Kopp, R.E., McCusker, K.E., 2021. Estimating a social cost of carbon
for global energy consumption. Nature 598 (7880), 308-314.

Ruef, A., Markard, J., 2010. What happens after a hype? How changing expectations affected innovation activities in the case of stationary fuel cells. Technol. Anal.
Strateg. Manag. 22 (3), 317-338. https://doi.org/10.1080/09537321003647354.

Sager, F., Biirki, M., Luginbiihl, J., 2014. Can a policy program influence policy change? The case of the Swiss EnergieSchweiz program. Energy Policy 74, 352-365.

Sandovar, A., Braad, E., Streicher, A., Sobke, H., 2016. Ethical stewardship: designing serious games seriously. Entertainment Computing and Serious Games.
Springer, pp. 42-62.

Sanguinetti, A., Dombrovski, K., Sikand, S., 2018. Information, timing, and display: a design-behavior framework for improving the effectiveness of eco-feedback.
Energy Res. Soc. Sci. 39, 55-68.

Sareen, S., Haarstad, H., 2021. Digitalization as a driver of transformative environmental innovation. Environ. Innov. Soc. Transit. 41, 93-95.

Schleich, J., Faure, C., Klobasa, M., 2017. Persistence of the effects of providing feedback alongside smart metering devices on household electricity demand. Energy
Policy 107 (May), 225-233. https://doi.org/10.1016/j.enpol.2017.05.002.

Schot, J., Kanger, L., Verbong, G., 2016. The roles of users in shaping transitions to new energy systems. Nat. Energy 1 (5), 1-7.

Schwanen, T., 2015a. Beyond instrument: smartphone app and sustainable mobility. Eur. J. Transp. Infrastruct. Res. 15 (4), 675-690.

Schwanen, T., 2015b. The bumpy road toward low-energy urban mobility: case studies from two UK cities. Sustainability 7 (6), 7086-7111. https://doi.org/10.3390/
su7067086.

Schwartz, 2010. GoodGuide Gets Social With Community Ratings, Product Recommendations. Schwartz. https://www.fastcompany.com/1706788/goodguide-gets-
social-community-ratings-product-recommendations.

Shklovski, I., Mainwaring, S.D., Skiladéttir, H.H., Borgthorsson, H., 2014. Leakiness and creepiness in app space: perceptions of privacy and mobile app use. In:
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems, pp. 2347-2356.

Shove, E., Walker, G., 2014. What is energy for? Social practice and energy demand. Theory Cult. Soc. 31 (5), 41-58.

Shove, E., 2018. What is wrong with energy efficiency? Build. Res. Inf. 46 (7), 779-789. https://doi.org/10.1080/09613218.2017.1361746.

Sidhu, A.S., Pollitt, M.G., Anaya, K.L., 2018. A social cost benefit analysis of grid-scale electrical energy storage projects: a case study. Appl. Energy 212, 881-894.

Spaiser, V., Luzzatti, D., Gregoriou, A., 2019. Advancing sustainability: Using smartphones to study environmental behavior in a field-experimental setup. Data Sci. 2
(1-2), 277-290.

Steg, L., Dreijerink, L., Abrahamse, W., 2005. Factors influencing the acceptability of energy policies: a test of VBN theory. J. Environ. Psychol. 25 (4), 415-425.

Stern, P.C., Dietz, T., Abel, T., Guagnano, G.A., Kalof, L., 1999. A value-belief-norm theory of support for social movements: the case of environmentalism. Hum. Ecol.
Rev. 81-97.

Stokes, M., Baeck, P., Baker, T., 2017. What Next for Digital Social Innovation. NESTA. Mayo.

Strand, R., Kovacic, Z., Funtowicz, S., Benini, L., Jesus, A., 2021. With People and for People: Innovating for Sustainability. European Environment Agency. https://
www.eea.europa.eu/publications/with-people-and-for-people.

Stulz, R., Tanner, S., Sigg, R., 2011. Swiss 2000-watt society: a sustainable energy vision for the future. In Energy, Sustainability and the Environment. Elsevier,
pp. 477-496.

Sung, B., Park, S.-D., 2018. Who drives the transition to a renewable-energy economy? Multi-actor perspective on social innovation. Sustainability 10 (2), 448.

Suruliraj, B., Nkwo, M., Orji, R., 2020. Persuasive mobile apps for sustainable waste management: a systematic review. In: Proceedings of the International Conference
on Persuasive Technology, pp. 182-194.

Swiss Federal Office of Energy, 2016. Energieeffizienz im Haushalt. Energie Schweiz. Swiss Federal Office of Energy. https://www.bundespublikationen.admin.ch/
cshop_mimes_bbl/2C/2C59E545D7371ED5BB89418480F1B62D.pdf.

Swiss Federal Office of Energy, 2020. Faktenblatt 1 — Anderung Stromversorgungsgesetz (StromVG). Swiss Federal Office of Energy. https://www.newsd.admin.ch/
newsd/message/attachments/60853.pdf

Swiss Federal Office of Statistics, 2021. Statistik der Bevolkerung und Haushalte (STATPOP). Swiss Federal Office of Statistics. https://www.bfs.admin.ch/bfs/de/
home/statistiken/bevoelkerung/stand-entwicklung/haushalte.assetdetail.19106709.html

United Nations Framework Convention on Climate Change Secretariat, 2021. Nationally Determined Contributions Under the Paris Agreement. Synthesis Report by
the Secretariat. United Nations Framework Convention on Climate Change Secretariat. In: https://unfccc.int/process-and-meetings/the-paris-agreement/
nationally-determined-contributions-ndcs/nationally-determined-contributions-ndcs/ndc-synthesis-report#eq-9.

van den Heiligenberg, H.A.R.M., Heimeriks, G.J., Hekkert, M.P., Raven, R.P.J.M., 2022. Pathways and harbours for the translocal diffusion of sustainability
innovations in Europe. Environ. Innov. Soc. Transit. 42 (July 2021), 374-394. https://doi.org/10.1016/j.eist.2022.01.011.

Van Lente, H., Spitters, C., Peine, A., 2013. Comparing technological hype cycles: towards a theory. Technol. Forecast. Soc. Chang. 80 (8), 1615-1628.

Venkatesh, V., Bala, H., 2008. Technology acceptance model 3 and a research agenda on interventions. Decis. Sci. 39 (2), 273-315. https://doi.org/10.1111/j.1540-
5915.2008.00192.x.

Vesely, S., Klockner, C.A., 2020. Social desirability in environmental psychology research: three meta-analyses. Front. Psychol. 11, 1395. https://doi.org/10.3389/
fpsyg.2020.01395.

Wemyss, D., Castri, R., Cellina, F., Luca, V.D., Lobsiger-kagi, E., Carabias, V., 2018. Examining community-level collaborative vs. competitive approaches to enhance
household electricity-saving behavior. Energy Effic. 11 (8), 2057-2075. https://doi.org/10.1007/512053-018-9691-z.

Wemyss, D., Cellina, F., Lobsiger-Kagi, E., de Luca, V., Castri, R., 2019. Does it last? Long-term impacts of an app-based behavior change intervention on household
electricity savings in Switzerland. Energy Res. Soc. Sci. 47, 16-27. https://doi.org/10.1016/j.erss.2018.08.018.

Wiencke, A., 2013. Willingness to pay for green buildings: Empirical evidence from Switzerland. J. Sustain. Real Estate 5 (1), 111-130.

Wilhite, H., Shove, E., Lutzenhiser, L., Kempton, W., 2006. The legacy of twenty years of energy demand management: we know more about individual behaviour but
next to nothing about demand. In Society, Behaviour, and Climate Change Mitigation. Springer, pp. 109-126.

14


http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0059
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0059
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0060
https://www.statista.com/statistics/494640/smartphone-users-in-switzerland/
https://doi.org/10.1016/j.erss.2017.01.017
https://doi.org/10.1016/j.erss.2014.07.011
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0064
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0064
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0065
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0066
https://doi.org/10.4278/0890-1171-12.1.38
https://doi.org/10.4278/0890-1171-12.1.38
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0068
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0070
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0071
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0071
https://doi.org/10.1080/09537321003647354
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0073
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0074
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0074
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0075
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0075
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0076
https://doi.org/10.1016/j.enpol.2017.05.002
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0078
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0079
https://doi.org/10.3390/su7067086
https://doi.org/10.3390/su7067086
https://www.fastcompany.com/1706788/goodguide-gets-social-community-ratings-product-recommendations
https://www.fastcompany.com/1706788/goodguide-gets-social-community-ratings-product-recommendations
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0082
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0082
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0084
https://doi.org/10.1080/09613218.2017.1361746
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0085
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0086
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0086
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0087
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0088
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0088
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0089
https://www.eea.europa.eu/publications/with-people-and-for-people
https://www.eea.europa.eu/publications/with-people-and-for-people
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0091
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0091
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0092
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0093
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0093
https://www.bundespublikationen.admin.ch/cshop_mimes_bbl/2C/2C59E545D7371ED5BB89418480F1B62D.pdf
https://www.bundespublikationen.admin.ch/cshop_mimes_bbl/2C/2C59E545D7371ED5BB89418480F1B62D.pdf
https://www.newsd.admin.ch/newsd/message/attachments/60853.pdf
https://www.newsd.admin.ch/newsd/message/attachments/60853.pdf
https://www.bfs.admin.ch/bfs/de/home/statistiken/bevoelkerung/stand-entwicklung/haushalte.assetdetail.19106709.html
https://www.bfs.admin.ch/bfs/de/home/statistiken/bevoelkerung/stand-entwicklung/haushalte.assetdetail.19106709.html
https://unfccc.int/process-and-meetings/the-paris-agreement/nationally-determined-contributions-ndcs/nationally-determined-contributions-ndcs/ndc-synthesis-report#eq-9
https://unfccc.int/process-and-meetings/the-paris-agreement/nationally-determined-contributions-ndcs/nationally-determined-contributions-ndcs/ndc-synthesis-report#eq-9
https://doi.org/10.1016/j.eist.2022.01.011
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0099
https://doi.org/10.1111/j.1540-5915.2008.00192.x
https://doi.org/10.1111/j.1540-5915.2008.00192.x
https://doi.org/10.3389/fpsyg.2020.01395
https://doi.org/10.3389/fpsyg.2020.01395
https://doi.org/10.1007/s12053-018-9691-z
https://doi.org/10.1016/j.erss.2018.08.018
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0104
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0105
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0105

D. Wemyss et al. Environmental Innovation and Societal Transitions 47 (2023) 100702

Yan, M., Chan, C.A., Gygax, A.F., Yan, J., Campbell, L., Nirmalathas, A., Leckie, C., 2019. Modeling the total energy consumption of mobile network services and
applications. Energies 12 (1). https://doi.org/10.3390/en12010184. Article 1.

Yang, G., Jones, J., Moninger, A., Che, M., 2018. How do android operating system updates impact apps?. In: Proceedings of the 2018 IEEE/ACM 5th International
Conference on Mobile Software Engineering and Systems (MOBILESoft), pp. 156-160.

Zhuang, J., Liang, Z., Lin, T., & De Guzman, F. (2007). Theory and practice in the choice of social discount rate for cost-benefit analysis: A survey. ERD Working Paper Series
- No. 94.

15


https://doi.org/10.3390/en12010184
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0107
http://refhub.elsevier.com/S2210-4224(23)00012-6/sbref0107

	Looking beyond the hype: Conditions affecting the promise of behaviour change apps as social innovations for low-carbon tra ...
	1 Introduction
	2 The transformative social innovation (TSI) potential of persuasive behaviour change apps
	3 Methodology
	3.1 The behaviour change app cases
	3.2 Cost-benefit analysis (CBA)
	3.3 Enabling and impeding conditions for impact

	4 Costs, benefits, and number of app users for break-even
	4.1 Social cost of carbon (SCC) and break-even points

	5 Enabling and impeding conditions during project lifecycle
	5.1 Project initiation and app development
	5.2 App implementation and evaluation

	6 Long term maintenance and scale-up
	7 Conclusion
	Funding information
	Data availability
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data Availability
	Acknowledgments
	Appendix
	A1 Details of enerjoy and social power field experiments
	A2 Assumptions used for calculation of climate benefits of app use

	References


