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Abstract 
Over 60% of global greenhouse gas emissions derive from household 
consumption patterns. To reach the 1.5-degree target set in the Paris 
Agreement, new interventions to influence household behaviours are needed. 
This thesis examined two areas, household electricity consumption and waste 
sorting, where behaviour plays a large role. To change behaviour, households 
need information and feedback regarding their consumption, but in an era of 
information overload it is difficult to reach individuals. This thesis explored 
whether households can be better reached by a service that creates value for 
its users, so that feedback is noticed and acted upon over a sustained period. 
Specific objectives were to: (1) identify needs of citizens that could be 
addressed with a local digital service and develop such a service; (2) design 
and develop elements of the service to promote selected sustainable 
behaviours affecting household electricity consumption and household waste 
sorting; and (3) evaluate whether these elements can improve awareness of 
sustainability matters and promote pro-environmental behaviour among 
residents. 
To fulfil objective (1), a local social network for neighbourhoods was designed 
and developed. A phone survey in Stockholm Royal Seaport confirmed low 
neighbour interaction, while focus group interviews in Hammarby Sjöstad 
identified specific local information and communication needs. To fulfil 
objective (2), a subset of design principles identified from the literature was 
used to design feedback for the local social network. The feedback was 
developed into a prototype through workshop and focus group discussions. 
To fulfil objective (3), residents were provided with feedback and 
interventions in two pilot studies in Stockholm, a 15-month study on 
electricity consumption involving 281 students at KTH and a 12-month study 
on waste sorting involving 61 households in Stockholm Royal Seaport having 
an automatic waste collection system. The study on electricity showed a 3.3 
%-unit peak-hour reduction for the intervention group and 46 %-unit 
reduction for saving participants. Average participation in peak load 
reduction was 3 months, but some stayed for almost the entire period, 
indicating potential for long-term engagement. Incentives were not 
necessary, but improved outcomes. The waste study found increased plastic 
sorting among app users, but also challenges in data collection and analysis. 
Overall, the value-creating approach can be useful if user needs are met 
correctly, and reaches a larger user group with feedback than conventional 
energy apps. 
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Sammanfattning 
Över 60 % av de globala utsläppen av växthusgaser härrör från hushållens 
konsumtionsmönster. För att nå det 1,5-gradersmål som sattes upp i 
Parisavtalet behövs nya insatser som kan påverka hushållens beteenden. 
Denna avhandling undersökte två områden där beteende spelar en stor roll: 
hushållens elförbrukning och sopsortering. För att få till en 
beteendeförändring behöver hushållen information och återkoppling om sin 
konsumtion, men denna drunknar i dagens informationsbrus vilket gör det 
svårt att nå de boende. Denna avhandling utforskade hur medborgare kan ges 
återkoppling via en tjänst som dessutom skapar värde för de boende, detta 
för att återkopplingen ska uppmärksammas och ageras på under en längre 
tid. Syftet med avhandlingen var att: 1) identifiera behov hos medborgare som 
skulle kunna tillgodoses med en lokal digital tjänst och utveckla en sådan 
tjänst, 2) designa/utveckla element i tjänsten som främjar utvalda hållbara 
beteenden gällande hushållens elförbrukning och hushållsavfallssortering; 
och 3) utvärdera om dessa element kan öka medvetenheten kring 
hållbarhetsfrågor och leda till ett hållbarare beteende bland invånarna. 
 
För mål 1) föreslogs och utvecklades ett lokalt socialt nätverk för stadsdelar. 
En telefonundersökning i Norra Djurgårdsstaden i Stockholm bekräftade en 
låg interaktion bland grannar, medan fokusgruppsintervjuer i Hammarby 
Sjöstad i Stockholm identifierade specifika lokala informations- och 
kommunikationsbehov. För mål 2) användes utvalda designprinciper från 
litteraturen till att bygga en designprototyp för återkoppling som 
utvärderades med workshops och fokusgrupper och utvecklades därefter till 
en fungerande prototyp. För mål 3) fick boende återkoppling och 
interventioner i två pilotstudier i Stockholm: en 15-månaders studie om 
elförbrukning med 281 studenter på KTH, och en 1-årig studie om 
sopsortering med 61 hushåll i Norra Djurgårdsstaden som har ett 
sopsugssystem. Elpiloten visade en topplastsminskning på 3,1 
procentenheter för hela interventionsgruppen och 46 procentenheter för de 
deltagare som sparade el. Det genomsnittliga deltagandet för 
topplastsminskningen var 3 månader, men de mest motiverade personerna 
deltog under nästan hela experimentperioden vilket visade en potential för 
långsiktigt användarengagemang. Incitament var inte nödvändiga men 
förbättrade resultaten. Avfallspiloten visade på en ökad sortering av plast för 
appanvändare men belyste även utmaningar gällande datainsamling och -
analys. Fler studier behövs för att undersöka effektiviteten av återkopplingen. 
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Det värdeskapande tillvägagångssättet kan vara användbart om rätt behov 
tillgodoses och kan därmed göra hållbarhetsåterkoppling tillgänglig för en 
större användargrupp än exempelvis vanligt förekommande energiappar. 
 
Nyckelord: 
Energiåterkoppling; Återkoppling på avfall; Konsumentengagemang; 
Energibeteende; Minskning av topplast; Beteendebaserad demand 
response; Sopsorteringsbeteende; Sopsug; Sociala nätverk; Smarta elnät; 
Energigemenskaper; Designprinciper för återkoppling  
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1 Introduction 

1.1 Research rationale 

Transition towards a viable climate will require coordinated efforts by all sectors of 
society. As the proportion of people living in cities continues to grow (United 
Nations, 2019), cities and urban residents will play an increasingly important role 
in climate transition. Cities across the globe are increasingly agreeing to implement 
climate targets and reporting, coupled with incentives or punishments at city level, 
city district level and even building and infrastructure level. However, at the 
individual citizen level, the situation is more challenging. Households and their 
consumption patterns are estimated to cause over 60% of global greenhouse gas 
(GHG) emissions when including indirect emissions (Ivanova et al., 2016), so it is 
necessary for citizens to change their behaviour in various ways to reduce climate 
impacts. However, the motivations and incentives to do this differ greatly depending 
on individual personality, personal values, norms, economic status, and prices of 
resources (Knowles, 2013). Thus, targeted strategies are needed to improve 
attitudes and promote more responsible and resource-efficient behaviours. 
 
A necessary step in encouraging citizens to adopt new behaviours is to inform them 
about their current consumption and about the environmental effects of this 
consumption. This can be done using various forms of consumption feedback. The 
digitalisation of society has yielded advantages and disadvantages in providing 
feedback. On one hand, use of smart meters has enabled automatic data collection 
on household level for e.g. electricity and water consumption, and recently also on 
waste generation, often in nearly real time. The data collected can be presented as 
interactive feedback to households, so that they can see the climate effect of their 
immediate actions, which was not feasible with meters that were read physically and 
reported to the utility companies a few times a year. On the other hand, the 
digitalisation has vastly increased the amount of information available to 
individuals, thus giving rise to growing information overload (Eppler, 2015; 
Stephens, 2017). This makes it difficult to reach citizens with information and 
reduces their receptivity to new calls to action (Eppler, 2015; Nodoushani et al., 
2016). 
 
To overcome this information overload barrier, inspiration can be drawn from 
successful technology companies. They have managed to design digital services that 
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create sufficient value in users’ everyday life by fulfilling some form of user need, 
making the service widely used. These services can cause users to adopt new 
behaviours and practices, e.g. checking the latest Facebook updates, making sure to 
practise a language every day to keep one’s streak1 intact, or encouraging people to 
reach their daily exercise goals by ”closing the rings”2 in e.g. Apple Watch. This 
thesis explored whether a similar approach could help to engage citizens in climate 
transition, i.e. whether a digital service could create sufficient perceived value to 
citizens to encourage them to use the service for longer, while also promoting more 
sustainable behaviour through education, visualised feedback and design elements 
that motivate and inspire better decisions. To provide relevant digital feedback on 
sustainability-related behaviours to residents in a scalable way, these behaviours 
would need to be measurable in an automated system. This thesis focused on two 
such behaviours, household electricity consumption and sorting of household 
waste, for reasons presented below. 

1.1.1 The importance of influencing household electricity consumption 
behaviour 

It is important for residents to reduce electricity consumption in general, but 
helping balance the power grid through so-called demand response is becoming 
particularly important.  

1.1.1.1 General reduction in electricity consumption 

The first sustainability-related issue addressed in this thesis was household 
electricity consumption. An ever-increasing fraction of urban infrastructure is 
dependent on electricity and over 60% of global electricity is still produced from 
fossil fuels (International Energy Agency, 2022), so it is important to reduce overall 
electricity consumption in order to reduce carbon dioxide (CO2) emissions. The 
increasing access to high-resolution electricity consumption data from households 
due to the increased availability of smart meters for electricity (e.g. European 
Commission, 2020) and the improved possibilities to visualise the data using e.g. 
energy displays have enabled approaches to reduce household electricity 
consumption (e.g. Darby, 2006; Fischer, 2008; Ehrhardt-Martinez et al., 2010; 
Abrahamse and Steg, 2013; Delmas et al., 2013; Hargreaves et al., 2013; Buchanan 
et al., 2014; Vine and Jones, 2015). Many studies have found that the behaviour of 

 
1In gamification, a streak is the number of consecutive days that a user has engaged in some specific 
activity. 
2Digital training watches often set daily goals (e.g. walk 10 000 steps) visualised as a ring that is hollow 
at the beginning of the day but gradually fills with colour to show progress towards the goal. 
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residents plays a large role in household electricity consumption (e.g. Morley and 
Hazas, 2011; Vassileva, 2015). A particularly relevant finding for this thesis was that 
similar apartments (in Stockholm Royal Seaport) with the same number of residents 
can differ by up to 300% in their electricity consumption (Mäkivierikko et al., 2018). 
Some of this difference may derive from lifestyle differences (e.g. working from 
home or owning an aquarium), but a significant proportion is due to more/less 
efficient use of energy due to differences in behaviour. This latent behaviour 
potential has been recognised by e.g. Opower, an American company that helps 
utilities with customer engagement and energy efficiency services. Their approach 
of providing periodic comparative feedback appears to be more cost-effective in 
reducing overall electricity consumption than conventional energy saving 
programmes (Allcott, 2011). An issue with many previous studies is that the 
experimental period is often relatively short (a few weeks to a few months), and thus 
there is a need for longer-term studies (e.g. Hargreaves et al., 2013; Delmas et al., 
2013; Vine and Jones, 2015; Liebe et al., 2018). Another important factor when 
evaluating changes in electricity consumption behaviour is good access to data of 
sufficiently high temporal resolution over long periods (Shahrokni, 2015; Paper II). 
For example, to analyse peak load reduction at least hourly resolution is needed, but 
this is often not possible with the standard metering equipment in households. In 
many experiments, special equipment is installed to measure high-resolution data 
but removed when the experiment ends. Such experiments are therefore neither 
suitable nor scalable for long-term evaluation of behaviour. 

1.1.1.2 Demand response and peak load reduction 

The possibility to reduce consumption during specific times, so-called peak hours, 
is critical because modern power grids are highly complex ‘systems of systems’ in 
which electricity production must match consumption at any given moment. The 
electricity grid is usually fed by a combination of base power plants, such as nuclear 
plants or coal-fired plants, with predictable production that is relatively slow to 
change, while changes in demand are handled by quickly changeable sources such 
as gas turbines and hydropower. To reduce CO2 emissions and also decrease the 
dependency on imported fossil fuels, which has become particularly desirable due 
to the current (winter 2022-2023) European energy crisis following the Russian 
invasion of Ukraine, fossil fuels are being replaced with renewable energy sources. 
This approach raises other issues, however, since common renewable energy 
sources such as solar and wind power are unpredictable and intermittent, and as 
their contribution to base power grows, it is increasingly difficult to handle a change 
in demand by the conventional method of changing the production to match the 
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demand. To help address this issue, development of an approach involving so-called 
smart grid technology to be implemented world-wide is now a high priority (e.g. 
Speer et al., 2015). Part of the smart grid concept is demand response, i.e. asking 
electricity consumers to change their electricity demand to match currently 
available production, instead of the other way around. Demand response projects to 
date have involved large (industrial-scale) electricity consumers, but other sectors, 
including the residential sector, need to do their part in demand response to allow 
smart grids to reach their full potential (Strbac, 2008). This is becoming technically 
viable due to the increase in smart meters in households. Due to the current 
European energy crisis, demand response and especially peak load reduction have 
increased unexpectedly in importance recently, including in Sweden, where 
residents have previously been accustomed to consuming electricity without any 
wider concerns other than paying the electricity bill. However, during winter 2022, 
electricity consumers in southern Sweden face a risk of power cuts (Svenska 
kraftnät, 2022a). This risk could be reduced by 80% if peak consumption was 
reduced by just 2% (ibid.), so households, who would be among the first consumer 
types to be cut off (Ny Teknik, 2022), are being asked to assist in this reduction 
(Svenska kraftnät, 2022a).  
 
The residential sector can participate in demand response in a number of ways. 
Automatic and remote-controlled appliances in the home have been tested in pilot 
studies (e.g. Ericson, 2009; Müller and Jansen, 2019) and will likely be common in 
the future. However, device automation is not yet a scalable solution, since it is not 
available in mainstream household appliances, it is expensive, it is not standardised 
and it is technically demanding (He et al., 2013). Another conceptually different way 
of participating in demand response is to change the consumption behaviour of 
households. Opower has shown that its behavioural demand response approach, 
where households are asked to reduce consumption during peak hours, can be 
successful on a large scale, with e.g. a 2.6% reduction in a study on 200,000 North 
American households (Opower, 2015). Another concept for reducing consumption 
during peak hours is used by the aggregator OhmConnect, which sends out 
notifications about upcoming ‘OhmHours’ where participants get some monetary 
compensation for reducing their consumption (OhmConnect, 2021). This was 
shown to achieve a 7% reduction in consumption in a study of 4500 non-automated 
Californian households (Gillan et al., 2021).  
 
In summary, there appears to be potential for reducing electricity consumption in 
general, and during peak hours in particular, by changing household behaviour. 
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1.1.2 The importance of influencing waste recycling and sorting behaviour 
The other sustainability-related issue addressed in this thesis was waste recycling 
and waste sorting behaviour. As relative income grows (Kaza et al., 2018) and as 
over 2 billion more people will live in cities by 2050 (United Nations, 2019), 
consuming more of the finite resources available on the planet, recycling is 
fundamental for making urbanisation more sustainable. In many parts of the world, 
most waste ends up in landfill or in open dump sites, where it takes up space and 
potentially results in losses of contaminants to the soil (Mukherjee et al., 2015) and 
emissions of GHG (Fischer et al., 1999). Sweden is considered one of the leading 
countries in waste management in the European Union (EU), with e.g. only 1% of 
Swedish municipal waste ending up in landfill in 2019, and with around half of the 
waste instead being recycled and the other half incinerated (CEWEP, 2021). 
Swedish households have sorted their waste since the 1970s (Hedén, 2018) and are 
thus accustomed to sorting. Typical fractions are paper packaging, plastic 
packaging, newspaper, glass, metal, batteries, electric waste, organic waste (in parts 
of Sweden) and residual waste. However, there is still significant room for 
improvement, since e.g. waste that is sorted into the wrong recyclable fraction 
reduces the quality of the fraction and leads to extra waste treatment efforts and 
costs. More alarmingly, much Swedish waste is not sorted at all and, although no 
nationwide data exists, recent waste analyses suggest that between 50-75% of 
residual waste is wrongly sorted and should instead have been recycled (e.g. 
Cederlöf, 2020; Hedemora Energi, 2020; SÖRAB, 2018). To combat issues with 
waste, since 1991 Swedish municipalities have been obliged to draw up waste plans 
describing their current efforts and future goals for handling and reducing the 
amount of waste (Naturvårdsverket, 1991). These plans have been updated and 
extended as new national and EU legislation emerges, e.g. the most recent waste 
plan of the municipal waste company for Stockholm contains goals on reducing the 
amount of waste generated, increasing reuse and recycling, and increasing 
knowledge and motivation among citizens on how to prevent and correctly handle 
waste (Stockholm Vatten och Avfall, 2021). 
 
Plastic waste that is incinerated instead of being recycled is particularly 
troublesome. In Sweden, plastic waste from various sources accounts for 93-97% of 
the CO2 emitted from electricity generation and district heating based on waste 
incineration (Lätt et al., 2020). Wrongly sorted plastic packaging from households 
makes up a relatively small share (roughly 15%) of the total amount of incinerated 
waste (ibid.), but there is still potential for a large reduction since every kg of 
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incinerated plastic leads to 0.6 kg of CO2e3 emissions (Miliute-Plepiene et al., 2019), 
which is equivalent to 2-3 days of CO2 emissions from electricity use in a typical 
Swedish apartment based on a Nordic electricity mix. One study has estimated that 
60% of CO2 emissions from municipal waste from households derive from 
incineration of plastic that could have been recycled (Stockholm Exergi, 2020). 
Stockholm’s waste plan therefore includes a specific goal to reduce the amount of 
incinerated plastic waste (Stockholm Vatten och Avfall, 2021). These CO2 emissions 
not only increase global warming, but are also an economic issue for many Swedish 
incineration facilities (Lenas, 2022) as the price of the carbon emissions allowance 
increased more than 10-fold from 2017 to 2022 (Trading Economics, 2022). 
Successful pilot projects specifically targeting reductions in plastic household waste 
(e.g. Stockholm Exergi, 2022) have been carried out, but it is generally not easy to 
engage citizens to participate in reaching the set goals. In particular, most residents 
of multi-family dwellings do not have economic incentives to sort their waste 
correctly (e.g. so-called ‘pay-as-you-throw’ schemes), unlike people living in 
detached houses. It is therefore valuable to investigate other incentives for 
improving waste sorting behaviour.  
 
Providing feedback on household waste sorting has been shown to be effective in 
the few studies performed to date (Mertens and Schultz, 2021; Schultz, 1999). 
However, those studies are not scalable as they involved manual analysis of the 
waste and provided feedback to residents in physical format (mail or door-hangers). 
They were also carried out on single-family households, due to the difficulties in 
collecting data on household level in a multi-family setting, thus leaving out a large 
proportion of households. A study by de Young et al. (1995) that provided 
aggregated feedback in a multi-family setting found that the feedback was only 
effective for buildings with unit size of around 30 households and smaller, since 
above this size the feedback became too impersonal. However, larger-scale 
automated waste measurement at household level is now becoming possible due to 
the development of automated waste collection systems4 (AWCS) that transport 
waste by vacuum from inlets near or inside buildings through underground pipes to 
a central collection point in a city district. Certain AWCS systems restrict usage and 
require residents to unlock the inlet door with e.g. a RFID tag, and for these it is 
possible to measure automatically and in real time how often individual households 

 
3Carbon dioxide equivalents (CO2e) is a way of expressing the total global warming effect of an activity 
using a single, easily comparable value. Instead of stating separate emissions of e.g. CO2, methane and 
nitrous oxides, the effect of the latter two are re-calculated as CO2 emissions, and the resulting sum is 
expressed as CO2 equivalents. 
4Also known as pneumatic waste conveyance system (PWCS). 
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dispose of waste fractions collected by the AWCS system and in some cases also the 
weight of each disposal. The data collected makes it possible to obtain household-
level feedback on waste generation and also to monitor households over time, to 
study the long-term effects of interventions intended to improve waste sorting in an 
automated and scalable way. The data is also valuable for research. Data on material 
flows such as waste is a key component of urban metabolism research on energy and 
material flows into, within and out of cities (Wolman, 1965; Kennedy, 2007). The 
importance of making this type of high-resolution, real-time data available for 
research on smart urban metabolism has been emphasised (Shahrokni, 2015). 
   
In summary, altering household behaviour can play an important role in achieving 
the necessary reduction in CO2 emissions, but there are issues in engaging 
household for longer periods. Providing feedback on consumption seems to be 
effective, but there is a knowledge gap on the long-term effectiveness of electricity 
consumption reduction studies. In the waste sector, AWCS systems provide new 
opportunities to obtain household-level feedback on waste sorting for multi-
residential households, an area that is worth exploring further. The starting 
hypothesis for the work in this thesis was that a value-creating digital service can 
offer an opportunity to provide long-term feedback to residents, and thus be part of 
the sustainability transition. 

1.2 Aims and objectives 

The overall aim of this thesis was to examine whether digital technology that fulfils 
user needs can induce pro-sustainable behaviour on electricity consumption and 
waste sorting among citizens, and to determine whether this behaviour can be 
sustained over time. 
 
Specific objectives were to: 

1) Identify long-term needs of residents in a neighbourhood that could be 
addressed with a digital service, and develop a service that can meet a 
subset of these needs and serve as a platform for digital sustainability 
interventions. 

2) Apply behavioural theories and sound design principles to design and 
develop elements of the digital service that promote specific pro-
environmental behaviours in household electricity consumption and 
household waste sorting. 
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3) Evaluate whether the digital service with its behaviour-changing elements 
and other connected interventions can improve residents’ sustainability 
awareness and lead to long-term changes toward pro-environmental 
behaviour in household electricity consumption and waste sorting. 

 

1.3 Scope 

The research was conducted at three sites in Stockholm, Sweden: Stockholm’s two 
eco-districts, Hammarby Sjöstad and Stockholm Royal Seaport, chosen because 
they had ongoing sustainability programmes (Stockholms Stad 2017, 2019) making 
them suitable as testbeds for sustainability-related experiments and activities, and 
the Malvinas student housing buildings on the campus of KTH Royal Institute of 
Technology. 
 
Hammarby Sjöstad was Stockholm’s first eco-district, with construction starting in 
1994 (Stockholms Stad, 2017). It currently has 10,500 apartments, housing 23,000 
residents, with a total of 12,700 apartments planned (Stockholms Stad, 2022). Some 
of the work on identification of long-term needs (Objective 1) took place in 
Hammarby Sjöstad, through focus group discussions described in Paper I, as did 
stakeholder consultation workshops on feedback design (Objective 2) described in 
Paper III.  
 
Construction on Stockholm Royal Seaport, Stockholm’s other eco-district, started 
in 2011 and it is planned to have 12,000 households and 35,000 workspaces when 
completed in 2030 (Stockholms Stad, 2017). Knowledge and findings from an 
evaluation of the sustainable urban development process in Hammarby Sjöstad 
(Pandis Iverot and Brandt, 2011) were used to improve the urban development 
process for Stockholm Royal Seaport with regard to planning, goal setting, and 
measurement and verification (Stockholms Stad, 2017). Some of the work described 
in Paper I on identification of long-term needs (Objective 1) through household 
surveys took place in Stockholm Royal Seaport, as did workshops for testing and 
improving the feedback design (Objective 2). 
 
Stockholm Royal Seaport was especially suitable for evaluating behaviour-changing 
elements regarding household waste sorting (Objective 3), since this district is 
served by an AWCS providing household-level, real-time data on waste generation, 
which is relatively uncommon. The waste experiments described in Paper V were 
performed in Hornslandet, a block within Stockholm Royal Seaport consisting of 
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153 apartments for which the residual waste fraction is weighed, making it possible 
to monitor and provide feedback on the actual weight of residual waste generated. 
 
The Malvinas buildings are three so-called plus-energy buildings consisting of a 
total of 305 student apartments on the KTH campus. The buildings were 
constructed in 2017 and are being used to test some novel building concepts, for 
example the rooms are heated with preheated supply air instead of radiators (KTH 
Live-In Lab, 2021). These buildings were used in evaluating behaviour-changing 
elements relating to household electricity consumption (Objective 3) described in 
Paper IV and were chosen since they offered relatively easy access to household 
electricity consumption data. 
 
The research was conducted within three projects: Citizen Communication 
Platform, funded by Sweden’s innovation agency VINNOVA with reference number 
2015-00305; InteGrid, funded by the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No. 731218; and Re3 – Reduce, 
ReUse, ReCycle – Community Engagement towards a Circular Economy, funded 
by the Swedish Energy Agency with project number 48088-1. The research was 
conducted within a quadruple-helix innovation framework (e.g. Peris-Ortiz et al., 
2016), bringing together academia (KTH Royal Institute of Technology5; University 
of Agder6), industry (LocalLife7, Envac8, Ellevio9), government (City of Stockholm10) 
and society (residents in Hammarby Sjöstad, Stockholm Royal Seaport and at KTH).  
  

 
5https://www.kth.se/en 
6https://www.uia.no/en 
7https://locallife.se 
8https://www.envacgroup.com 
9https://www.ellevio.se 
10https://start.stockholm 
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2 Background 

2.1 Theoretical background: behaviour change mechanisms 

As described in section 1.1.1, residents and their behaviour play an important part 
in sustainability transition. However, influencing behaviours is not easy and there 
are many theories on how this can be achieved. In this thesis the focus was on some 
of the most commonly used components of behaviour change, which are presented 
below. 

2.1.1 Motivation 
Motivation is important to change behaviour and especially to maintain the new 
behaviour. It is integral to many theories, such as Self-Determination Theory (Ryan 
and Deci, 2000), and ideally the focus should be on increasing intrinsic motivation, 
since the actual behaviour and not just the outcome of the behaviour is then 
enjoyable. To change electricity consumption behaviour, extrinsic motivation such 
as monetary savings is often used (Kessels et al., 2016), but if electricity use makes 
up only a small part of household expenditure, other types of motivation will be 
needed (Kessels et al., 2016). In a field experiment by Cialdini and Schultz (2004), 
respondents stated that their top three reasons for saving energy were 
environmental protection, social responsibility and saving money. However, when 
messages with various framings were tested, only those based on social norms11 led 
to lower consumption (ibid.). Social norms have also been demonstrated to lower 
electricity consumption when residents have not needed to pay for the electricity 
(Bator et al., 2019). Since social influence has been shown to be a powerful motivator 
to promote pro-environmental behaviour (Bergquist et al., 2019), relevant theories 
that build on social influence are discussed next. 

2.1.2 Theory of Planned Behaviour and Reasoned Action Approach 
There are many theories on how to change behaviour. One of the best known is the 
Theory of Planned Behaviour (TPB) by Ajzen (1991). It states that in order to change 
someone’s behaviour, you must get the person to intend to change their behaviour. 
This intention is in turn dependent on three factors: i) attitudes towards the 
behaviour, i.e. whether the behaviour is seen as positive or negative; ii) perceived 
behavioural control, i.e. whether the behaviour is seen as possible to perform; and 

 
11Social norms are informal rules expressing what kind of thoughts, feelings or behaviours are 
considered as appropriate by a group 
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iii) subjective norm, i.e. what the person believes that ‘important others’ think about 
them performing the behaviour. In a newer version of TPB called Reasoned Action 
Approach (Fishbein and Ajzen, 2010), the subjective norms are further split into 
descriptive and injunctive norms. Descriptive norms concern how a person believes 
that others behave, e.g. if someone sees others litter on a dirty street, that person is 
more inclined to litter than in a situation where the street is clean. Injunctive norms 
concern whether a person believes that important others approve or disapprove of 
a behaviour. The distinction between descriptive and injunctive norms has proven 
to be important for how feedback is designed, and was used in developing the 
feedback described in Paper III. A criticism of TPB is that important others are often 
assumed to consist of family and friends (Terry and Hogg, 1996; Terry et al., 1999), 
although other groups that a person belongs to can also be important in shaping that 
person’s behaviour. 

2.1.3 Social Identity Theory 
According to Social Identity Theory (Tajfel, 1974), the groups that a person is/is not 
part of can shape that person’s behaviour, i.e. a person’s social identity is “the part 
of an individual’s self-concept which derives from his knowledge of his membership 
of a social group (or groups) together with the emotional significance attached to 
that membership” (ibid: p. 69). Thus, a person strives to be part of those groups that 
they believe would positively increase their self-concept, and strives to avoid being 
part of other groups that would lower their self-concept. In order to be accepted or 
liked by members of the self-concept-enhancing group, the person strives to adhere 
to the attitudes and norms held by existing members, which can lead to changes in 
behaviour (Abrams and Hogg, 2010).  
 
An experiment by Fielding et al. (2008) that combined TPB with Social Identity 
Theory showed that high group identification was correlated with stronger 
adherence to the norms of the group, meaning that such important groups could be 
seen as an extension of the “important others” concept in TPB. 
 
These behavioural theories can be useful when designing feedback. 

2.2 Feedback design 

To help influence sustainability-related behaviours among citizens, information can 
be provided on how they currently perform and why and how they can improve. This 
can be achieved by feedback. Eco-feedback has been researched since the 1970s 
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(Froehlich et al., 2010), and how to design effective feedback has caught the interest 
of researchers in the energy and environmental field (e.g. Darby, 2006; Fischer, 
2008; Ehrhardt-Martinez et al., 2010) and the human-computer interaction (HCI) 
community (e.g. Froehlich et al., 2010; Spagnolli et al., 2011). However, the type of 
feedback commonly provided has been criticised as being designed for ‘resource 
man’, i.e. stereotypical male users who are very interested in technology, rather than 
for the conditions and realities in the local lives of most residents and the specific 
dynamics in their homes (Strengers, 2014). The logical conclusion is that when 
designing feedback, more care should be given to ensuring that its elements appeal 
to a large part of its intended audience. 
 
Based on the behaviour-affecting components of TPB introduced in section 2.1.2, 
feedback should attempt to generate in people a positive attitude towards the 
behaviour, e.g. by telling them why reducing consumption or sorting waste is 
important, and should also help them understand how they can do it. As mentioned 
previously, social influence can be an effective way of changing behaviour. 
Comparative feedback relative to other households is therefore important as a 
descriptive norm to reduce consumption by households consuming more than the 
average. However, if only comparative feedback is provided, there is a risk that 
households which are already efficient will increase their consumption toward the 
average, through the boomerang effect. This risk can be decreased by introducing 
an element of injunctive norms indicating what others expect households to do 
(Schultz et al., 2007). 
 
Designing feedback specifically for residents is often not sufficient, however, as it 
must actually reach the residents to have any effect. Most people would not actively 
seek to obtain feedback to e.g. optimise their electricity consumption or sort their 
waste better, so other approaches to reach residents are needed. 

2.3 The value-creating approach of engagement 

While it may seem evident, it is necessary to recognise that for a service or product 
to be successful, it needs to create some tangible value and fulfil some particular 
(and ideally recurring) needs of its target audience. Receiving sustainability 
feedback is not a need, although it could be seen as “good to have” for the small 
proportion of people who are already interested in sustainability-related matters. 
What is needed is a service that can create value and meet needs in citizens’ everyday 
lives and integrate recurring sustainability feedback to the residents over a long 
period (Figure 1). 
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Figure 1. Principle behind the value-creating approach for providing sustainability 
feedback. 

 
For such a service, an appropriate geographical scale must be selected. On one hand, 
fine-grained feedback will be more relevant for the receiver, so providing feedback 
on household level is important. On the other hand, for social influence to work 
comparisons to relevant households are needed, and comparisons to similar 
(Festinger, 1957; Tajfel, 1974) and geographically closer (Goldstein et al., 2008) 
people are generally perceived as more relevant than comparisons to different and 
distant people. The city district/neighbourhood level is therefore a good choice from 
a behavioural perspective, as it consists of people living relatively close to each other 
sharing a community identity (e.g. Puddifoot, 1995). It is also a good choice from a 
systems perspective, as it contains lots of shared infrastructure such as substations 
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of the power grid that face peak loads, it is usually a major branch in the district 
heating grid and it contains waste rooms and automated waste collection systems 
that could benefit from an energy and recycling perspective by improving the 
behaviour of its users. Furthermore, eco-districts may have distinct sustainability 
goals, for which city officials are accountable, that could hypothetically be more 
relevant to residents than city- or country-wide goals. 
 
Having chosen the neighbourhood as a geographical level, the neighbourhood needs 
that could be met must be considered. Belonging is a basic need according to 
Maslow (1970), so belonging to a group, more specifically to the group of 
neighbours, is one way to cater for this need. However, there is a growing trend of 
people being “globally connected yet locally isolated”, where they use the internet 
and social media to keep up with news and people globally, but are increasingly 
oblivious to their local surroundings (Hayes, 2007). This is illustrated by the fact 
that over 50% of Americans (Smith, 2010) and 70% of Swedes living in apartments 
(Svenska Postkodlotteriet, 2016) only know a few neighbours well, if any. Thus, a 
service that would help connect neighbours could address a basic need. 

2.4 Social networks 

Regarding the types of services that connect people in general, digital online social 
networking services (hereafter referred to as social networks) have become very 
popular. For example, the world’s largest social network, Facebook (Statista, 
2022a), which started as a hobby project in 2004, has grown to nearly 3 billion 
monthly active users in 2022 (Statista, 2022b). A reason for this growth is that the 
network meets an information and communication need for people. This 
communication often happens with people around the world who are already known 
to the user, such as family, friends or groups of people sharing the same interest, 
thus increasing the “global connection” outlined by Hayes (2007). 

2.4.1 Local social networks 
Local social networks are another type of social network that operates at a smaller 
scale, usually city district or neighbourhood scale. The aim of local social networks 
is to spread local information and enable communication between neighbours, and 
they could therefore decrease the ‘local isolation’ issue (Hayes, 2007) and help meet 
the need for belonging (Maslow, 1970) while also improving other aspects of local 
social capital such as trust (Rohe, 2004), safety (Dallago et al., 2009) and place 
attachment (Lewicka, 2004, cit. Lewicka, 2005, p. 392). Further, a local social 
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network could offer features and services that improve the everyday local lives of 
citizens, thus giving users a compelling reason to join the network and remain 
members for a long time. Many local social networks have emerged during the past 
decade. The largest is the US-based NextDoor12, which has lately expanded to other 
parts of the world and in the process acquired competing networks such as the UK-
based Streetlife13 and the Australian Nabo14. The German Nebenan15, the French 
Smiile16 and Mesvoisins17, and the Finnish Nappi Naapuri18 are other examples of 
emerging local social networks. The features and focus of these networks vary 
depending on the local needs of the residents. However, although the climate change 
is an increasingly discussed topic, none of these networks has an outspoken focus 
on sustainability, and thus they do not offer an optimal setting for providing 
sustainability feedback. Even if they did, there are technical barriers, e.g. the 
possibility of showing highly customised content such as feedback from external 
sources is usually rather limited and, since many social networks have their own 
highly optimised algorithms on what content to display for each individual user, it 
is difficult for an external actor to decide how and when sustainability content 
should be shown to the users. In addition, many social network users feel that they 
already share too much data with e.g. Facebook, so if users believe their electricity 
consumption or waste generation data would also be exposed to these technology 
giants, they would be hesitant to share their data.  
 
Based on these insights, the hypothesis tested in this thesis was that a 
sustainability-oriented local social network operating on a neighbourhood scale 
(presented in section 5.2.2) could be a service that helps neighbours connect while 
at the same time offering a suitable platform for feedback that could exploit the 
power of social influence. 
  

 
12https://nextdoor.com 
13https://en.wikipedia.org/wiki/Streetlife_(website) 
14https://nabo.com.au 
15https://nebenan.de 
16https://www.smiile.com 
17https://mesvoisins.fr 
18https://www.nappinaapuri.fi 
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3 Methodology 
This chapter presents an overview of the research frameworks and methods used 
in Papers I-V. 

3.1 Human-centered design process using mixed methods 

The research performed in this thesis was based on a human-centered design (HCD) 
process. HCD is design paradigm aiming to “place human need, skill, creativity and 
potentiality at the center of the activities of technological systems.” (Gill, 1991, cit. 
Gasson, 2003, p. 29) and has evolved through other design paradigms such as 
ergonomics, user-centered design and interaction design (Giacomin, 2014). HCD 
allows “investigation of suitable changes to a system of human activity supported by 
technology” (Gasson, 2003) which makes it suitable to fulfil the aim of this thesis, 
namely to investigate how digital technology that fulfils user needs can induce pro-
sustainable behaviour. Four steps, originally suggested by Zimmerman and Forlizzi 
(2014) to be part of the Research Through Design framework (Frayling, 1993), were 
followed in this thesis to structure the research activities performed as part of the 
HCD process: 

1. Select a research problem or challenge. 
2. Design by obtaining deeper knowledge on the research challenge through 

available literature and using that as the foundation for an initial framing 
of a product or service to solve the research challenge.  

3. Evaluate the concept through testing and refine it continuously, allowing 
the design to evolve while documenting insights obtained along the way. 

4. Reflect critically on findings from the evaluation phase and then structure 
and articulate them cohesively for dissemination and guidance in peer-
reviewed journals. 

 
HCD was used for two processes in this thesis (Figure 2): i) the overarching 
process of designing and developing a service that fulfils the needs of residents and 
is suitable for presenting sustainability feedback and evaluating the effects of this 
feedback (Papers I, IV and V) and ii) the narrower process of designing energy 
feedback to be displayed in this service (Paper III). 
 
The evaluation step within the overarching process (Figure 2) was performed using 
mixed methods, i.e. an approach combining quantitative and qualitative methods to 
exploit the strengths of each method while minimising their weaknesses (Johnson 
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and Onwuegbuzie, 2004), and to enhance the internal validity of findings through 
triangulation (Bryman, 2012). The quantitative methods used consisted of 
household surveys and data analysis, while the qualitative methods consisted of 
focus group interviews, design prototyping, stakeholder consultation workshops 
and in-depth interviews. The research objectives, methods used and connected HCD 
steps are shown in Table 1. 
 
 

 

Figure 2. Workflow following steps of human-centered design (HCD) process applied in 
Papers I-V. Blue boxes show the design artefacts from the process, while dashed lines show 
where the results were disseminated.  
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Table 1. Research objectives, methods used, steps in the human-centered design (HCD) 
process and paper/s in this thesis (I-V) describing the research  

Research objective Method HCD 
step 

Paper 

1) Identify long-term local recurring 
needs of citizens that could be met 
with a digital service, and develop a 
service to meet a subset of these 
needs 

- Household survey by 
phone (quantitative)  
- Focus group interviews 
(qualitative) 

2, 3 I 

2) Design and develop elements of 
the service that promote desired 
sustainable behaviours on 
household electricity consumption 
and household waste sorting, based 
on behavioural theories and sound 
design principles 

- Literature review  
- Design prototyping in a 
stakeholder consultation 
workshop and focus 
groups (qualitative) 

2, 3 II, III 

3) Evaluate whether the service with 
its behaviour-changing elements 
and other connected interventions 
can improve residents’ awareness of 
sustainability matters and lead to 
long-term pro-environmental 
behaviour on household electricity 
consumption and household waste 
sorting 

- Pilot studies 
- Data analysis 
(quantitative) 
- Digital household 
survey 
(quantitative/qualitative) 
- Interviews (qualitative) 

3 IV, V 

 

3.2 Household survey by phone 

A household survey is a suitable method for collecting and analysing quantitative 
data from a sample of a large population (Groves et al., 2004). Provided that the 
survey encompasses a sufficient number of respondents relative to the total size of 
the sampled population and that the respondents are chosen randomly, the results 
can be assumed to be generalisable to the larger population (ibid.). 
 
In investigating the needs of citizens (Objective I), a household survey was created 
(Paper I) in order to obtain baseline measurements for:  

- Social sustainability aspects related to local social capital (Putnam, 1995), 
such as trust (Rohe, 2004), safety (Dallago et al., 2009) and place 
attachment (Lewicka, 2004, cit. Lewicka, 2005, p. 392) 

- Energy awareness, intentions and behaviours 
- Group identification within the neighbourhood and in relation to energy 

consumption. 
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The survey was conducted through telephone interviews by a marketing research 
company (Novus) in May 2018, using a randomly selected statistically 
representative sample of 300 households (out of around 3000) in the Stockholm 
Royal Seaport city district, where the electricity consumption studies were first 
planned to be held. For more details regarding the survey, see Paper I. 

3.3 Focus group interviews about everyday user needs 

A focus group is a small group of specifically chosen participants who hold an 
informal discussion about a particular topic, with all participants expected to 
provide valuable contributions to the discussion (Liamputtong, 2010). The 
discussions, led by one or more moderators, can make participants “explore and 
clarify their points of view” (ibid: p. 6), and thereby “uncover aspects of 
understanding that often remain hidden” (ibid: p. 5) when conducting surveys or 
in-depth interviews.  
 
In this thesis, focus group interviews were held (Paper I) to explore the types of local 
information and communication needs that existed in a neighbourhood and how 
these could be facilitated using a local digital communication service (Objective I). 
To this end, focus groups concerning six different areas relevant to everyday life in 
a neighbourhood, with 4-8 participants per group, were held 2-3 times per group 
during autumn 2015 in the eco-district of Hammarby Sjöstad. The focus group 
topics were:  

1. General neighbourhood needs. 
2. Homeowner associations. 
3. Environment and energy. 
4. Culture and local associations. 
5. Schools. 
6. Neighbourhood-wide error reporting.19 

 
More details about the focus group set-up, discussions and results can be found in 
Paper I. 

 
19This focus group is not covered in Paper I, since it was not relevant to the first set of features 
developed for the local social network. It is included in this thesis since it is relevant for the waste pilot 
(section 4.2.4). 



20 

3.4 Literature review of design principles 

To obtain knowledge on how to design feedback elements for a value-creating 
service that could influence resident behaviour (Objective 2), a literature review was 
conducted in Paper III to chart the state of the art in the HCI community. The review 
focused on electricity feedback, as this was the first type of feedback to be included 
in the service, and comprised: 

1. A synthesis of some of the main behavioural change theories used to 
change energy-related behaviours (see section 2.1).  

2. A meta-study on eco-feedback that resulted in a number of concrete 
design principles for energy feedback (Escudero Guirado et al., 2018).  

3. An interview study at Stockholm Royal Seaport (Nilsson et al., 2018b). 
4. Insights from Paper II on the importance of data resolution and 

measurement metrics.  
 
This resulted in a comprehensive set of design principles. For more on the 
literature review and the design principles, see Paper III. 

3.5 Design prototyping in a stakeholder consultation workshop 

Prototyping is a method where a prototype, i.e. a “pre-production representation of 
some aspect of a concept or final design” (Camburn et al., 2017), is created and 
shown to others (usually potential end-users). Typical aims include refining or 
sharing information about the design, seeking out new design concepts or gaining 
new knowledge about the design space or other relevant phenomena (ibid.). 
 
In this thesis, prototyping was used to evaluate potential design ideas before 
implementing them in the service. A prototype of energy feedback was developed 
using a subset of the design principles found in the literature review. In line with the 
third step of the HCD process (evaluate), the prototype was tested with potential 
end-users in a stakeholder consultation workshop (Paper III). This workshop was 
held in Hammarby Sjöstad in May 2018 and involved 18 participants divided into 
four groups. Most were residents of the eco-district, but representatives from the 
local electric distribution system operator (DSO) were also included, to ensure that 
resulting feedback would be of value for their power grid. One of the workshop 
activities involved using the thought-listing technique (Cacioppo and Petty, 1981), 
where users were shown a so-called “stimulus” (in practice printed prototypes of the 
proposed energy feedback) and encouraged to share their interpretations and 
reflections. Half of the groups were given screens with individual feedback and the 
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other half were given collective feedback provided at group level (building level, 
neighbourhood level), to assess whether users perceived these types of feedback 
differently. The discussions were led by two moderators following a script and 
presenting information stepwise, first showing the prototypes without prior 
explanation to collect spontaneous reactions, then giving an explanation followed 
by another discussion. The discussions were recorded and analysed to determine 
whether users indirectly supported the found design principles for sustainability 
feedback. For more details on the stakeholder consultation workshop, see Paper III. 

3.6 Design prototyping with focus groups 

Based on the participant feedback from the stakeholder consultation workshop, an 
extended version of the electricity feedback containing additional material flows 
(waste and water consumption) was developed. It was evaluated during June 2019 
with two focus groups, each comprising roughly five participants, one in Stockholm 
Royal Seaport and one in Valla Torg20, in order to validate the design concepts on 
waste feedback in a similar way as was done for electricity feedback. A design 
prototype of error reporting for waste inlets (section 5.2.2) was also evaluated. In 
the first part of the focus group meeting, each participant was assigned to an 
interviewer and given a smartphone with a clickable prototype of the app. The 
interviewer asked the participant to perform various tasks while the screen and 
voices were recorded. The users were then asked to complete a usability survey and 
the session ended with a group discussion about the prototype. The resulting 
prototype was developed and deployed in a pilot study on waste and local resources 
in an area within Stockholm Royal Seaport (Hornslandet). 

3.7 Case studies / pilot studies 

A case study allows detailed study of e.g. a programme, event, activity or process 
over a specific time (Creswell and Creswell, 2018) in a real-life context (Yin, 2009). 
In itself it is not a method, but a choice of what to study using one or more suitable 
methods (Stake, 1995). To evaluate whether the proposed value-creating approach 
and the feedback designed as part of Objective 2 increased sustainability awareness 
and pro-environmental behaviour (Objective 3), two case studies were conducted in 
the form of pilot studies, one targeting household electricity consumption (Paper 
IV) and one targeting waste sorting (Paper V). These studies involved digital 

 
20Valla Torg is a district south of Stockholm where the waste pilot was first intended to take place, 
before it was moved to Hornslandet in Stockholm Royal Seaport due to technical reasons. 
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household surveys, in-depth interviews and data analysis. The methods used are 
summarised below and more details about the pilot studies can be found in Chapter 
4. 

3.8 Digital household survey during field experiments 

A digital survey is a more scalable and cost-effective method for collecting 
quantitative data than e.g. phone surveys, but depending on how (or whether) the 
respondents are selected or compensated, there is a higher risk of self-selection. As 
part of the two pilot studies mentioned above, digital surveys were conducted in 
order to measure e.g. changes in attitudes to sustainability issues (Objective 3). The 
users of the local social network app were asked to respond to two digital surveys 
during the experiment. All users completed a mandatory sign-up survey integrated 
into the app, which was a prerequisite to using any other features. At the end of the 
pilot study, users were asked to complete a final survey where relevant scale-based 
questions from the sign-up survey were repeated, in order to track changes over 
time. Since this final survey was not mandatory, the response rate was lower than 
for the sign-up survey. In the pilot study on electricity consumption, the survey 
contained questions measuring electricity consumption attitudes and behaviour 
and willingness to take part in load shifting. The survey in the waste pilot study 
measured waste sorting knowledge and attitudes and knowledge about the AWCS 
used in the area. Both surveys measured social identity concepts, including ties with 
neighbours and the neighbourhood. 

3.9 In-depth Interviews 

Interviews are one of the most common methods of obtaining knowledge in the 
human and social sciences arena (Brinkmann, 2018). Semi-structured interviews in 
particular allow the interviewer to dig deeper into specific subjects or spontaneously 
explore other interesting related topics, without being locked to a fixed script 
(Bryman, 2012). To gain a better understanding than could be captured by 
household survey responses of what participants had learnt through participating 
in the experiments and receiving feedback (Objective 3), interviews were held with 
a small number of participants, mainly at the end of each pilot study. For the 
electricity study, interviews with eight participants were held as part of a Master’s 
project (Shahid Siddiqui, 2020), under my supervision. For the waste study, eight 
interviews were held by a co-author of Paper IV (David Enarsson).  
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3.10 Data collection, cleaning and analysis 

To evaluate the effects of providing feedback and interventions in the two pilot 
studies (Objective 3), household-level data on electricity consumption (Paper IV) 
and waste generation (Paper V) were collected, cleaned and analysed. A summary 
of these processes can be found in Chapter 4, while more details can be found in 
Papers IV and V. To assess how often a user loaded the app or viewed the 
sustainability feedback provided, user-level data on app usage, including loading the 
social network feed and feedback screen, was also collected.  
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4 Experiment design in pilot studies 
To evaluate (HCD step 3) the value-creating approach and its possibilities for long-
term engagement and increased pro-environmental behaviour among residents 
(Objective 3), users in the two pilot studies were invited to register for a 
sustainability-oriented local social network called LocalLife, where they were 
informed about and asked to participation in various behaviour-changing 
interventions (see section 5.2.2 for more details about the app). Table 2 provides an 
overview of the two pilot studies. 
 
Table 2. Overview of the two pilot studies on electricity consumption and waste recycling. 
AWCS = automated waste collection system 

 Electricity pilot study Waste pilot study 

Paper IV V 

Time Feb 2020-June 2021 
(2 batches) 

Aug 2020-Aug 2021 

Place Malvinas student apartments at 
KTH Campus, Stockholm 

The Hornslandet block in 
Stockholm Royal Seaport, 
Stockholm 

Participants 281 students 61 apartments in multi-family 
dwellings 

Data collected Hourly household electricity 
consumption 

Number of individual household 
disposals of residual waste, 
plastic packaging and paper in 
the AWCS. Weight of residual 
waste. 

Value-creating 
features 
provided 

- Social network feed 
- Direct messaging 
- Marketplace 

- Social network feed 
- Direct messaging 
- Marketplace  
- AWCS inlet status/error 
reporting 

Interventions - Digital peak load reduction 
prompts (“Pause hours”) 
- Digital feedback on household 
electricity consumption 
- Monthly household-level 
“Sustainability snapshot” nudge 
on electricity consumption 
performance 

- Digital feedback on waste 
sorting 
- Monthly household-level 
“Sustainability snapshot” nudge 
on residual waste generation 
- Physical removal of “doublet” 
bins from waste room 
- Physical stickers in waste room 
to encourage use of the AWCS  
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4.1 Electricity pilot study 

The electricity pilot study was held in the Malvinas student housing at the KTH 
Campus. The apartments are small, most are 20 m2 single-person apartments. 
They are equipped with modern white goods and do not use household electricity 
for heating or cooling. The students in Malvinas do not have any economic 
incentive to reduce their electricity consumption since it is included in the fixed 
monthly fee. The pilot study is summarised below. More details can be found in 
Paper IV. 

4.1.1 Participants 
Of the 550 students that lived in Malvinas at some point during the pilot study, 281 
students (51%) registered in the app. The proportion of male students among those 
who registered was 66%. As most were exchange students, the experiments were 
split over two main batches, batch 1 (B1) and batch 3 (B3), corresponding to the 
university admission year. Batch 1 was held for slightly less than a half academic 
year (roughly between February and mid-June 2020) and involved 148 different 
participants, while batch 3 was held for a full academic year between mid-August 
2020 and June 2021, with 153 different participants. Out of these, 20 had registered 
during batch 1. The number of participants at any given point in time varied, since 
students moved in and out in the middle of the batches. Batch 1 was an extreme 
example of this as the emerging Covid-19 pandemic caused around 30% of students 
to move out early. However, the share of registered households varied between 40-
50% of those occupied at any given time for most of the experiment. Batch 2 was 
discarded from the experiment due to its short duration (mid-June to mid-August 
2020) and major data collection issues.  
 
Participants were recruited to create an account in LocalLife through various means, 
such as physical postcards containing activation codes in mailboxes and physical 
sign-up events. For batch 1, the postcard was provided as part of an official welcome 
package to students moving into the apartment, emails were sent to users, and 1-2 
students in each building were provided with small monetary compensation for 
recruiting other students. For more details regarding the participants and batches, 
see Paper IV. 
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4.1.2 Data collection 
Hourly apartment-level electricity consumption data was collected from the 
Malvinas apartments through a third-party service. New data was retrieved once a 
day, but the data was artificially delayed for 24 hours due to privacy concerns among 
the data owners, meaning that instead of real-time feedback, the feedback was 
always shown for two days back in time.  

4.1.3 Data cleaning 
To conduct relevant data analysis, the data had to be cleaned, as there were various 
issues such as meters that were stuck on the same hourly value, meters showing an 
impossibly large value, periods where data was missing etc. Further, to obtain fair 
comparisons between households and identify changes in actual consumption, days 
during which nobody seemed to be present in the apartment due to low electricity 
use were disregarded in all feedback and analysis. The data was cleaned using 
various filtering rules where parameters were determined by visual inspection of 
data plots. More details on the data electricity cleaning approach can be found in 
the appendix to Paper IV.  

4.1.4 Value-creating features 
The aim of this thesis was to test an approach in which sustainability feedback and 
interventions are provided in addition to features that create value and address the 
practical needs of users. In the electricity pilot study, these features were based on 
the findings from research on user needs in Paper I (section 5.1) and consisted 
mainly of a local social network feed that included news and information about 
Malvinas and a direct messaging feature for neighbours. In the last quarter of March 
2021, a marketplace was also made available where users could share, sell or give 
away items (see Appendix A1 for screenshots of these features). The energy features 
(described in sections 4.1.5 and 4.1.6) that allowed users to learn more about their 
household electricity consumption could also be seen as value-creating for some 
students, taking into consideration that KTH is a technical university with students 
learning about various topics connected to electrical engineering and sustainability. 

4.1.5 Pause hours – a digital behavioural demand response intervention 
Due to the stable electricity supply and low electricity prices in Sweden, to date there 
has been no need for behaviour demand response and peak load reduction among 
households. There is therefore a lack of knowledge and experience about these 



27 

concepts among the general Swedish population but, as mentioned in section 1.1.1.2, 
they are likely to be better-known in the future. To investigate how residents in 
Sweden would behave in such an envisioned future, the students in Malvinas were 
asked to take part in so-called pause hours, a behavioural demand response concept 
similar to those tested in the United States (Opower, 2015; Gillan et al., 2021). Pause 
hours were specifically chosen peak hours during which residents were asked to 
reduce their electricity consumption as much as possible, while at the same time 
taking a pause from whatever they were doing. One to three pause hours were held 
every week, usually close to the lunchtime or evening peak. Pause hours were 
announced using push notifications and emails at 19.00 on the previous day or in a 
few cases one hour before they started. Tapping the notification led users to a screen 
where they could see an individual savings goal based on their shiftable load, 
examples of how to save that amount of electricity and a button for choosing to 
participate (Figure 6). The requirement for active participation was a deliberate 
choice, partly as a behavioural mechanism since commitment increases the 
motivation to follow through with an action (Abrahamse and Steg, 2013; Vine and 
Jones, 2015), but also as it simplified the analysis. Users were notified about the 
pause hour results. Due to legal reasons, they could not be notified immediately after 
each pause hour but had to wait two days. The notification led to a screen where 
users could see whether they had managed to pass the pause hour by saving more 
than their individual goal, how they did compared with the average and best of the 
other participants, and a list of previously participated pause hours.  
 
More details on the design of the pause hour user interface can be found in Paper 
III, and detailed information on the experimental set-up in Paper IV. 

4.1.5.1 Data analysis of pause hours 

The consumption change for an apartment during a pause hour was calculated 
against the average consumption of that apartment for 10 similar previous days 
(weekdays or weekends) when the resident was at home and had not participated in 
previous pause hours. In the data analysis, a household participating in each pause 
hour could belong to any of the groups or subgroups listed below, depending on 
whether the household had registered as an app user at that point of time and chose 
to participate or not: 
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● Control group (residents that had not registered as an app user or had 
deleted their account) 

● Intervention group (residents that had an active account in the app) 
○ Non-participants (residents that did not actively participate in the 

pause hour) 
○ Participants (residents that actively participated in the pause 

hour) 
■ Savers (residents that actually saved energy during the 

pause hour). 
 

The results for these groups were calculated and visualised in boxplots and the 
average values were compared using statistical t-tests. Paper IV provides more 
details on the data analysis of pause hours. 

4.1.6 Feedback on electricity consumption – an intervention aiming to reduce 
overall electricity consumption 

To make residents aware of their household electricity consumption, with the aim 
of making them reduce consumption, feedback on household electricity 
consumption was designed and developed (see section 5.3.2). The feedback had its 
own section in the app and contained a comparison of the household’s consumption 
with: i) its pre-calculated ‘typical’ consumption (section 5.3.3); ii) the average of all 
households in the neighbourhood; and iii) the most efficient 10%, based on the 
“percent of typical consumption” metric. Tips on how to save electricity were also 
provided. To remind students about the sustainability part of LocalLife, they were 
provided with a periodical “nudge” (Thaler and Sunstein, 2008) in the form of a 
monthly sustainability snapshot of their electricity consumption (see section 5.3.5) 
from November 2020 onwards, i.e. 25% into batch 3. 
 
Overall energy consumption analysis was performed using daily average 
consumption of households containing an app user compared with a control group 
of non-app users. More details on the electricity consumption feedback design can 
be found in Paper III, while more details on the experimental set-up and data 
analysis can be found in Paper IV. 
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4.2 Waste pilot study 

The waste pilot study (Paper V) was carried out in Hornslandet, a block in 
Stockholm Royal Seaport eco-district. The municipal waste in this district is 
collected using three main methods: the AWCS, waste rooms (also called recycling 
rooms) and food waste grinders. The AWCS handles residual waste, newspaper and 
small plastic packaging, while the waste rooms have bins for most other typical non-
hazardous fractions, such as paper packaging and cardboard, large plastic items and 
packaging, glass, metal, batteries and small electronic devices. Some waste rooms, 
including those in Paper V, had bins for two of the same fractions as collected by the 
AWCS, namely newspaper waste and plastic packaging in general (i.e. also accepting 
small plastic packaging), meaning that the residents could choose whether to 
dispose of these two fractions in the waste room or in the AWCS. Organic waste is 
intended to be disposed of using food waste grinders in each apartment and is then 
transported as slurry to a treatment facility and converted to biogas, instead of the 
commonly used method in Sweden of collecting organic waste in separate bags in 
the waste room. The study ran for a full year, between week 25 in 2020 and week 25 
in 2021, and used data from the AWCS. The first 10 weeks (25-34) served as a 
baseline period, the next four weeks (35-38) served as an intervention period during 
which users were recruited and physical interventions were implemented, and the 
remaining 40 weeks were split into four 10-week post-intervention periods for 
measuring changes on an immediate (week 39-48 2020), short-term (week 49-week 
5 2021), intermediate (week 6-15) and long-term (week 16-25) scale. Residents were 
recruited and then provided with a combination of feedback and physical 
interventions as described below. 

4.2.1 Participants 
Of the 153 apartments in Hornslandet, 61 households (40%) registered in the app 
during the study, while the rest served as a control group. Recruitment was done 
using postcards containing household-specific activation codes, putting up posters 
at entrances and in recycling rooms, and advertising and holding a physical 
recruitment event with free ice-cream. 

4.2.2 Data collection 
Data were collected for residual waste, plastic packaging and newspaper, i.e. the 
fractions served by the AWCS in Stockholm Royal Seaport. The data was in the form 
of inlet access, i.e. the times at which a resident of a certain household opened a 
certain inlet using their RFID tag. For the residual waste fraction, the data included 
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the actual weight of the waste disposed of. For the plastic packaging and newspaper 
fractions, a pre-calculated estimated weight was provided based on an average 
weight per inlet opening, i.e. the total weight for plastic and newspaper containers 
in the waste terminal divided by the number of RFID accesses by connected 
households. The data was sent in real time from the local AWSC operator Envac to 
the local social network. Thus the users could see their latest statistics immediately 
after opening an inlet.  

4.2.3 Data cleaning 
On a few occasions, the system failed to recognise inlet door openings correctly for 
all inlets in the area. Therefore, days with less than 45 recorded door openings in 
the Hornslandet block were removed from the analysis, based on visual inspection 
of the data flow. Due to intermittent issues with the door locking mechanism, in a 
few cases inlets were left open, making it possible for people to throw away waste 
without using the RFID tag to open the door, leading to fewer recorded disposal 
occasions for that particular inlet, which was not corrected for. However, for the 
residual waste fraction that was weighed, this led to an unfair situation where the 
weight of all waste disposed of by residents when the inlet door was not properly 
closed, which could be up to 30 kg, was attributed to the next resident who correctly 
opened the inlet with their tag. Considering that the average weight of a residual 
waste bag was around 1.2 kg and it was deemed unlikely that a household would 
dispose of more than four bags at once, weights exceeding 5 kg were corrected to the 
average weight of the household’s previous disposals that were less than 5 kg. 

4.2.4 Value-creating features 
In the Hornslandet pilot study, a new feature catering for user needs was 
introduced, namely the possibility to see the location and status of the AWCS inlets 
and report errors with the inlets (section 5.2.2). From mid-March 2021, the inlet 
map was extended to show the waste rooms in the area (Appendix A2) including a 
feature to notify neighbours of issues with the waste rooms such as full bins or 
messiness. As in the electricity pilot study in Malvinas (4.1.4), Hornslandet residents 
had access to the main social feed, the direct messaging feature and the marketplace 
(Appendix A1), which was communicated as a way to save the environment by 
reducing (e.g. borrowing an item instead of buying a new one) and reusing (e.g. 
selling/giving away items instead of throwing them away). In addition, the app 
contained some local information about Hornslandet, updates and information 
from the municipal waste management company, and recycling guides. 
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4.2.5 Feedback on waste generation – an intervention aiming to increase 
sorting and reduce the amount of generated residual waste 

As in the electricity pilot study in Malvinas, the waste pilot study in Hornslandet 
provided feedback to residents, but in this case on the waste that the household 
disposed of in the AWCS. The aim of the feedback was to make users increase their 
sorting of recyclable waste and thus reduce the amount of residual waste. To access 
the waste feedback, residents could navigate to the “Sustainable living” screen. The 
feedback was largely based on the amount of residual waste disposed of, as this was 
the only fraction for which precise weights could be measured. The main feedback 
screen was a modified version of the electricity consumption feedback where the 
household’s residual waste weight per person was compared with the average 
weight, the best 10% and a goal for Stockholm Royal Seaport based on Swedish 
average consumption. Other parts of the feedback featured the household’s 
recycling rate based on the fractions disposed of in the AWCS, its historical amount 
of residual waste disposed of in relation to a locally set goal and a randomised tip on 
how to sort waste better. 
 
As in the electricity study, the residents in Hornslandet were provided with a 
monthly sustainability snapshot (section 5.3.5) of their residual waste generation 
from December 2020 onwards. 

4.2.6 Physical interventions 
To reap the full benefits of having a AWCS in a district, including requiring less 
frequent emptying of the bins in waste rooms using waste trucks, the AWCS needs 
to be fully utilised. However, as previously mentioned, at the Hornslandet study site 
residents could dispose of two of the fractions (newspaper and small plastic 
packaging) in both the AWCS and the waste room. To encourage residents to use 
only the AWCS for these fractions, physical interventions were made in one of the 
two waste rooms in Hornslandet and one of the three groups of waste inlets. In the 
waste room, the bins for newspaper and one of two plastic bins were removed. For 
plastic, posters and floor stickers were posted in the room to encourage users to 
throw small plastic packaging into the waste inlets, while the single remaining 
plastic bin was only intended for large plastic packaging that would not fit into the 
AWCS. For one group of inlets, stickers of “waste monsters” were used to make it 
more fun for children to sort waste in the AWCS and thus also influence their 
parents. The monsters were also part of campaign posts shown in the app feed. See 
Appendix A3 for images of these interventions. 
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4.2.7 Data analysis for the waste pilot study 
To analyse the effects of the digital feedback and the physical interventions, the 153 
households in Hornslandet were split into a control group and a group of app users, 
and within each group weekly averages were calculated for different time periods 
(see section 4.2). Statistical analyses were then performed to search for differences 
between groups. For more details on waste data analysis, see Paper V.  
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5 Results and discussion 
A sustainability-oriented local social network was chosen as a suitable service to 
explore further when examining whether a value-creating digital service could 
provide feedback that induced long-term pro-environmental behaviour for 
residents. Needs that such a service could fulfil were considered and, based on these 
needs, a service was designed. Design principles for sustainability feedback were 
then identified from the literature and behaviour-changing elements of the service 
were created based on these principles. The service was evaluated through the two 
pilot studies (electricity consumption, waste recycling).  

5.1 Identification of long-term needs of residents that could be addressed 
with a local social network (Paper I) 

The first step in work to address Objective 1 was to identify long-term needs of 
residents on a neighbourhood scale that could be met with a digital service. Paper I 
examined two types of needs that a local social network could possibly address: i) 
the basic need for belonging, based on the trend of increasing local isolation between 
neighbours; and ii) everyday needs that would simplify the lives of the residents.  

5.1.1 Local isolation and the need for belonging 
The presence of local isolation in the neighbourhood was indicated by two questions 
asked in the phone household survey involving 300 households in Stockholm Royal 
Seaport (Paper I). When the respondents were asked whether they had good social 
bonds with different groups, the group with which they reported the least good 
relations was neighbours (Figure 3), with over 40% of the respondents not having a 
good relationship with their neighbours, 33% never spending time with their 
neighbours and 18% doing so only a few times per year. These results show that 
isolation exists at a local level in Stockholm Royal Seaport, verifying findings in a 
previous country-wide Swedish survey indicating a disconnect between neighbours 
(Svenska Postkodlotteriet, 2016). A local social network could help decrease this 
need for belonging (Maslow, 1970), by helping neighbours connect. 
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Figure 3. Groups with which the respondents in Stockholm Royal Seaport have good social 
bonds. 

5.1.2 Local everyday needs according to focus groups 
Everyday needs that a local social network could address were explored through 
discussions in five focus groups. The results are summarised here, while full details 
can be found in Paper I. A lack of local information and communication possibilities 
was a central theme that emerged in many of the discussions. Residents and 
homeowner associations expressed a need to communicate within their buildings, 
but also within their neighbourhood on matters of importance for the area, 
including environmental communication on e.g. energy use and cost. Local 
associations wanted a channel through which to spread information about local 
events, and residents wanted to learn about such events and also about local 
updates.  
 
For other types of local needs, board members responsible for energy expressed a 
need to engage their homeowner associations in energy matters in other ways than 
monetary gains, for example by making it possible to compare the performance 
between associations. Some residents expressed safety concerns when using 
Blocket, Sweden’s largest online classifieds site, hinting that a more local digital 
marketplace would be preferable.  
 
The focus group on neighbourhood-wide error reporting expressed the opinion that 
it was sometimes difficult to know to whom and how to report various issues in the 
neighbourhood, particularly for shared infrastructure. The participants were 
therefore positive to a suggested concept of a neighbourhood-wide error reporting 
feature that would allow residents to report issues e.g. in their apartment, shared 
areas in the building, streets or the AWCS, and have the reports automatically sent 



35 

to the correct recipient. The reports and their status would be visible to all users of 
the service, thus being of value for other neighbours who were made aware of the 
issues and would not need to report them multiple times. 
 
Overall, the focus group discussions revealed that there were many everyday needs 
that a local social network could potentially address, giving support to the 
hypothesis that such a service could be used in the long term and thus act as a 
channel for sustainability interventions that overcome issues with information 
overload (Eppler, 2015; Stephens, 2017) and backgrounding (Hargreaves et al., 
2013). 

5.2 Development of a value-creating service for inducing pro-
environmental behaviour among citizens 

The second step in work to address Objective 1 was to design and develop a value-
creating service that could meet some of the needs identified, while also acting as a 
platform for digital sustainability interventions. 

5.2.1 Benefits of a local social network providing a context for sustainability 
interventions and feedback (Papers I and III) 

As mentioned in section 5.1, a local social network could potentially meet user 
needs. Papers I and III further theorised that a social network would have several 
potential benefits as a context for energy feedback, due to its inherent social 
influence, since this would allow for collective feedback, goals and competitions. 
Since a local social network is about helping neighbours connect and communicate, 
it can make its users feel part of the neighbourhood, and thus be affected by social 
influence based e.g. on local social norms (TPB) according to Social Identity Theory 
(Tajfel, 1974). The possibility to use these social norms in interventions such as 
comparative feedback is the main benefit of a local social network. Although the 
most effective comparisons are generally against family and friends, comparing with 
people with whom a household is acquainted (Wheeler and Miyake, 1992), such as 
neighbours, can also be effective (Cialdini and Schultz, 2004). The comparative 
feedback also provides a frame of reference, making the feedback more 
understandable (one of the design principles from Paper III) and adds a changing 
element to the feedback, to avoid backgrounding (Hargreaves et al., 2013). Further, 
the social setting facilitates use of collective goals and competitions as a motivator 
(Paper III), and according to Social Identity Theory people who would not otherwise 
be interested in participating might do so to benefit their group.  
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For social comparisons and group competitions (e.g. between buildings or 
neighbourhoods) to be effective, relevant social norms (e.g. regarding electricity 
savings) need to exist in the group, and group members need to be affected by these 
norms. For the latter, group members need to identify strongly enough with the 
group, as theorised in Social Identity Theory (Tajfel, 1974) and as practically 
demonstrated by e.g. Fielding et al. (2008). The phone survey in Paper I examined 
whether this was the case for the residents in Stockholm Royal Seaport, as the survey 
included questions to measure the amount of identification between neighbours 
living in the neighbourhood and in the same building, the believed attitudes of other 
neighbours, the intention to save energy and other factors possibly connected to 
energy savings. Hierarchical multiple regression analysis21 using two different 
models, as in Fielding et al. (2018), was performed to analyse factors affecting the 
intention to save energy, but the results showed that group identification had a 
negligible effect on the intention to save energy. A possible explanation was that 
Stockholm Royal Seaport eco-district is a new area where people have only lived for 
a short time, and therefore group identification is not yet strong enough to match 
the successful levels in the study by Fielding et al. (2018). If this is the case, a local 
social network appears to be a suitable context, as it aims to increase the social 
interaction between neighbours.  
 
Lastly, the social network setting could enable so-called nudges (Thaler and 
Sunstein, 2008), in the form of periodical reminder posts in the feed about the user’s 
sustainability performance, and would also make it possible to show the building’s 
or neighbourhood’s performance to households who have not yet chosen to sign up. 

5.2.2 Resulting service concept – LocalLife, a sustainability-oriented local social 
network (Paper I) 

Based on its the perceived ability to meet user needs (section 5.1) and act as a 
suitable platform for feedback (section 5.2.1), the sustainability-oriented local social 
network LocalLife was suggested as a value-creating solution that could provide its 
users with long-term sustainability feedback. This appeared to be a relatively novel 
concept, since a literature search only revealed three short, small-scale studies in 
which electricity feedback was combined with social networks: a three-week 
experiment with a plug-in to the MySpace social network (Mankoff et al., 2010), a 

 
21Hierarchical multiple regression analysis is performed in two or more steps where one or more 
variables are added to the model in each step and an assessment is made on whether the added 
variables provide a better fit to the observed data. 
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19-day experiment of a Facebook app (Foster et al., 2010), and a study where an app 
prototype including a feature to challenge or compare oneself with Facebook friends 
was shown to users during interviews in order to validate app design (Petkov et al., 
2011). The aim was not for LocalLife to be a generic social network like Facebook, 
but to foster activities and discussions that would enhance the sustainability-related 
aspects of the neighbourhood in terms of e.g. improving and simplifying day-to-day 
operation of shared infrastructure (e.g. waste, electricity, transport) and improving 
its performance from an economic and sustainability perspective. 
 
LocalLife was originally divided into three geographical scales: the building, the 
neighbourhood and surrounding neighbourhoods. However, only the building and 
neighbourhood scales were relevant for the pilot studies performed in this thesis, 
since there were no adjacent neighbourhoods using LocalLife to communicate with. 
In catering for the local needs reported by the focus groups (section 5.1.2), the 
building scale would allow for internal discussions within homeowners’ associations 
and let the boards reach the users, while the neighbourhood scale would allow the 
spread of local news and information about events and enable citizens to discuss 
local community matters. To facilitate discussions about specific interests or topics 
among residents in a building or neighbourhood, LocalLife originally included a 
discussion group feature, but this was removed from the present pilot studies based 
on learnings from previous pilot studies (e.g. in Stockholm Royal Seaport and 
Halmstad) using an early version of LocalLife without sustainability feedback. 
Lastly, the communication features included a direct messaging feature for 
neighbours. 
 
Feedback was designed to be provided on household, building and neighbourhood 
level, but the neighbourhood level was not used in the pilot studies due to the lack 
of other neighbourhoods using LocalLife and available data to make comparisons. 
Unlike in previous studies on feedback in a social network setting (Foster et al., 
2010; Petkov et al., 2011), LocalLife was integrated with existing infrastructure in 
the form of smart meters and waste inlets, and thus did not require users to obtain 
any extra equipment in order to see their consumption data and be part of 
sustainability interventions. 
 
The original version of LocalLife focused on the assumed local communication 
needs to create value for its users, but another method of creating value was also 
explored. The focus group discussing neighbourhood-wide error reporting in 
Hammarby Sjöstad (section 5.1.2) was positive to this concept. Based on this and as 
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part of the Re322 research project, a design prototype of a scaled-down version with 
error reporting for AWCS was developed and evaluated with focus groups in 
Stockholm Royal Seaport and Valla Torg (section 3.6), and then implemented in 
Stockholm Royal Seaport in collaboration with the local AWCS operator Envac. This 
system showed the AWCS inlets on a map (see Appendix A2) and allowed users to 
report issues with the inlets directly to the operator’s system through the LocalLife 
app. Having designed a value-creating service based on user needs, its 
sustainability-inducing features were then developed. 

5.3 Design and development of elements promoting sustainable 
behaviour 

Objective 2 of this thesis was to design and develop elements in the chosen service 
(i.e. a local social network) that promote chosen sustainability behaviours relating 
to household electricity consumption and household waste sorting based on 
behavioural theories and sound design principles. A theoretical foundation was built 
by reviewing general design principles for feedback design, which were then used to 
create a first feedback prototype, and then repeatedly improving the prototype 
through design workshops and focus groups to produce a final version that was 
implemented in the value-creating service. 

5.3.1 Identification of design principles for sustainability feedback (Paper III) 
The literature review in Paper III resulted in a set of 24 design principles (Table 3). 
While discussing feedback prototypes in a stakeholder consultation workshop 
(section 5.3.2, see also Paper III), 15 of these principles were agreed on by the 
participants without being mentioned directly, strengthening the theoretical 
support for those principles. Two principles were disagreed on, but this was partly 
a result of the design presented.  
  

 
22Re3 – Reduce, ReUse, ReCycle – Community Engagement towards a Circular Economy 
(https://designforenergi.se/portfolio/re3-kollektivt-engagemang-for-en-cirkular-ekonomi/) 
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Table 3. The 24 design principles identified in the literature review, whether they were 
applied in the feedback system developed, and number of times they were mentioned in the 
stakeholder consultation workshop and by how many groups. For the number of mentions, 
a thumbs-up symbol (👍 ) before the value indicates agreement, while a thumbs-down 
symbol (👎 ) indicates disagreement 
 

No. Design principle Used No. of 
mentions 
(groups) 

Sources 

 Findings from behavioural psychology 

P1 Make the user feel that 
energy saving/shifting is 
important and that their 
contribution counts 

Partly 👍 2 (1) 
 
👎 1 (1) 

Theory of Planned 
Behaviour (Ajzen, 
1991), Reasoned Action 
Approach (Fishbein 
and Ajzen, 2010) 
 
Practical findings 
regarding social norms 
(Schultz et al., 2007; 
Allcott, 2011) 

P1a Use collective goals Yes 👍 6 (3) 

P2 Make the feedback actionable Yes 👍 3 (2) 

P3 Use comparative feedback to 
other households 

Yes 👍 4 (3) 

P4 Use encouraging means to 
reward users who perform 
well 

Yes 👍 2 (1) 

P5 Make the feedback 
interesting and actionable 
without the user feeling 
“forced” to act against their 
will. 

Yes  Self-determination 
theory (Ryan and Deci, 
2000) 

P6 Provide positive feedback Partly 👍 4 (3) 
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No. Design principle Used No. of 
mentions 
(groups) 

Sources 

 Findings from the pilot studies with energy feedback, energy competitions and 
meta-studies 

P7 Provide multiple forms of 
feedback 

Yes 👍 6 (2) (Abrahamse and Steg, 
2013; Knowles, 2013; 
Nilsson et al., 2018b; 
Escudero Guirado et 
al., 2018) 

P8 Tailor the feedback to the 
individual user and their 
preferences 

Partly 👍 2 (2) (Desmedt et al., 2009; 
Abrahamse and Steg, 
2013) 

P9 Give a frame of reference Yes 👍 1 (1) (Darby, 2006; Paper II; 
Nilsson et al., 2018b; 
Escudero Guirado et 
al., 2018) 

P10 Include a changing element Yes  (Hargreaves et al., 
2013; Nilsson et al., 
2018b) 

P11 Use a more suitable metric 
than kWh/m2 for household 
electricity comparisons 

Yes  (Mäkivierikko et al., 
2018; Paper II) 

P12 Use the number of residents 
in the household as part of 
feedback calculations 

yes  (Mäkivierikko et al., 
2018; Paper II) 

P13 The feedback needs to be fair Yes 👍 3 (3) (Nilsson et al., 2018b; 
Escudero Guirado et 
al., 2018) 

P14 Provide real-time feedback No 👍 2 (1) (Escudero Guirado et 
al., 2018) 

P15 Provide frequent feedback Yes 👍 2 (2) (Escudero Guirado et 
al., 2018; Paper II) 

P16 Provide push and pull 
information 

Yes  (Escudero Guirado et 
al., 2018) 
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No. Design principle Used No. of 
mentions 
(groups) 

Sources 

P17 Provide per-appliance 
feedback 

Not 
known 

👍 10 (3) (Nilsson et al., 2018b; 
Escudero Guirado et 
al., 2018) 

P18 Distinguish between 
appliances or behaviour that 
the user can affect with 
his/her behaviour or not  

Partly  (Nilsson et al., 2018b; 
Escudero Guirado et 
al., 2018) 

P19 Show the amount of money 
saved 

Not 
known 

 (Nilsson et al., 2018b; 
Escudero Guirado et 
al., 2018) 

P20 Avoid using hard-to-
understand energy units such 
as kWh 

Yes 👎 3 (2) (Nilsson et al., 2018b; 
Escudero Guirado et 
al., 2018) 

P21 Avoid using hard-to-
understand environmental 
units such as CO2 

N/A 👎 2 (2) (Nilsson et al., 2018b; 
Escudero Guirado et 
al., 2018) 

P22 Use health-based metrics 
such as air pollution 

No  (Escudero Guirado et 
al., 2018) 

P23 Avoid information overload Yes 👍 3 (3) (Escudero Guirado et 
al., 2018) 

P24 Make the feedback appealing 
to the whole family, 
including children 

Partly 👍 3 (2) (Escudero Guirado et 
al., 2018) 
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5.3.2 Creation of electricity feedback (Paper III) 
A first design prototype of the feedback was developed, with the main element being 
an energy savings goal (Figure 4, left). Its numbered elements (1-7, see Figure 4) 
were based on the following subset of design principles: 

● P2: Make the feedback actionable by presenting 1) a goal and 6) an energy-
saving tip 

● P10: Introduce a changing element by showing 2) daily updated goal 
achievement 

● P3: Provide comparisons to other households both 3) graphically and 5) in 
text  

● Show injunctive feedback (i.e. how others want you to behave) in the form 
of 4) an avatar to prevent the boomerang effect 

● P23: Prevent information overload by hiding details behind a separate 7) 
details view. 

 
This first version of the feedback was prototyped in a stakeholder consultation 
workshop and resulted in the following set of changes (Figure 4, centre): 

● Show comparative feedback on consumption (based on ‘typical 
consumption’ as a metric, see section 5.3.3) instead of progress towards a 
savings goal as the main feedback feature, to avoid constantly ongoing 
competition 

● Reduce the amount of information shown on the page, e.g. move tips to 
another page. 

 
The workshop also called for changes regarding load shifting: 

● Use the concept of “pause hours” (see section 4.1.5) instead of general 
“load shifting”, to better convey the meaning 

● Show a savings goal in kWh for the pause hour and help users understand 
how to achieve this goal (P2). 
 

Based on this, a screen to join the pause hours was designed. For more details on 
the design process, see Paper III. 
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5.3.3 Typical consumption as a fairer comparison metric for electricity 
consumption 

Since one of the design principles identified was to provide fair feedback, the 
comparative electricity feedback did not provide a comparison in kWh, as is 
common, but instead used percent of typical consumption as a metric. This was a 
concept developed in Mäkivierikko et al. (2018) where the typical consumption in 
kWh for a household was calculated with a model from the Swedish Energy Agency, 
using as input four household characteristics believed to have a large impact on 
electricity consumption: floor area, number of residents, number of people at home 
during work hours, and whether the household had a washing machine (instead of 
using a shared laundry room, which is relatively common in Sweden). The actual 
consumption of each household could then be compared with this “typical” 
consumption, giving percent of typical consumption as a performance metric. This 
metric made it possible to give a frame of reference for each household (e.g. “you 
are consuming 10% less than a standard household”) and to compare all households 
in an area with each other, even if they had different characteristics, instead of 
comparing with a smaller set of similar households. 

5.3.4 Creation of general sustainability feedback 
The feedback screens developed initially focused purely on electricity consumption. 
However, the LocalLife app was envisioned to include feedback for multiple types 
of sustainability-related material flows and concepts, in order to give a fuller picture 
of the household’s sustainability performance and also allow identification of 
sustainability spillover effects, i.e. whether a change in one pro-environmental 
behaviour led to positive or negative effects for other pro-environmental behaviours 
(e.g. Truelove et al., 2014). To this end, the feedback was further developed together 
with a UI/UX designer to include feedback on waste/recycling, water consumption 
and a measure of social sustainability in the neighbourhood, based on questions 
about neighbourhood wellbeing. To give the user a quick overview of their overall 
sustainability performance, a concept for calculating individual scores (scale 1-10) 
for the measured sustainability-related activities and then combining the value into 
a grand total score was designed. The updated feedback design prototype was 
evaluated with focus groups in Stockholm Royal Seaport and Valla Torg (Figure 5, 
left) and then further iterated upon based on the feedback (Figure 5, centre). 
However, since the pilot studies focused on only one type of material flow at a time 
(i.e. electricity or waste), it was not meaningful to show the combined total score, 
but only the individual scores. The final feedback for electricity (Figure 4, right) and 
waste (Figure 5, right) used a similar design, but with different colours for the bars.  
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Figure 4. (Left) Prototype for energy feedback tested in the stakeholder consultation 
workshop, (centre) the first implemented version of the feedback used in the electricity 
pilot study during B1 and start of B3, and (right) the final implemented version used for 
most of B3). 

          
Figure 5. Development of the sustainability design over time from (left) the first prototype 
shown to focus groups, to (centre) the second prototype after feedback from focus groups, 
and (right) the final iteration of waste feedback implemented in the waste pilot study. 



45 

 
Figure 6. View of the screen where users could choose to participate in pause hours held in 
the electricity pilot study (section 4.1.5), their individual savings goal and examples of how 
to reach this goal. 

5.3.5 Monthly sustainability snapshots as a periodic nudge 
Since the default screen of LocalLife – by design – was local news/social feed and 
not sustainability feedback, residents had to navigate actively to the feedback screen 
to obtain feedback. To make newly registered residents aware of the feedback, to 
remind current residents about its existence and to give a quick performance 
summary for the previous month, monthly snapshots for electricity and waste were 
designed and developed as a form of periodic nudge (Thaler and Sunstein, 2008). 
Each snapshot contained: 

● A simplified comparison of the household’s performance relative to that of 
their neighbours (top 10%/above average/below average) (a descriptive 
norm, TPB) 

● A smiley face and an encouraging message (injunctive norms, TPB)  
● A comparison to the household’s performance during the previous month. 
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Residents were made aware of the snapshot using push messages and by email a few 
days into each month. The messages in the snapshot differed depending on the 
household’s performance, as exemplified in Figure 7. Tapping the snapshot revealed 
more details and then navigated to the main waste feedback page (Figure 5, right). 
 

     
Figure 7. Monthly snapshots of the resident’s waste consumption for (left) above-average 
and (right) below-average performance. 

5.4 Evaluation of the value-creating service and pro-environmental design 
elements 

After conceptualising, designing and creating the value-creating service in the form 
of a local social network (Objective 1) and creating the design elements for inducing 
sustainability-based behaviour (Objective 2), the final step (Objective 3) was to 
evaluate whether the service and its design elements improved awareness of 
sustainability matters and led to long-term pro-environmental behaviour among 
residents for the two chosen behaviours: household electricity consumption and 
household waste sorting. This was done in the two pilot studies presented next.  

5.4.1 Evaluation of the electricity pilot study (Paper IV) 
The results of the pilot study examining electricity use in the Malvinas student 
apartments are presented and discussed below, starting with an analysis of the peak 
load reduction and overall consumption reduction based on electricity consumption 
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data, followed by insights regarding changes in attitudes and behaviours based on 
surveys and interviews. 

5.4.1.1 Effectiveness of pause hours as a digital behavioural demand response 
intervention to reduce peak load consumption 

The main intervention in the electricity pilot study was the behavioural demand 
response concept of pause hours (section 4.1.5). During the study period, 83 pause 
hours with in total 642 participations by 101 users were held. 

5.4.1.1.1 Peak load reduction of pause hours 

The average reduction for all pause hour participations was 38%, which is 27 %-
units more than the 10.4% reduction observed for the control group of students 
registered on the platform at the time of the pause hour (Figure 8). The students 
managed to save electricity in 86% of the participations, with an average reduction 
of 56% compared with their own 10-day baseline and 46 %-units below the control 
group. The overall reduction for all users registered in LocalLife, i.e. those that had 
the possibility to participate in pause hours, was 13.7% below their own 10-day 
baseline or 3.3 %-units more than the control group.   
 

 
Figure 8. Boxplot of percentage electricity savings during pause hours compared with 
consumption in the past 10 similar days for batches B1 and B3 and overall, with median 
(black horizontal line) and mean (white dashed line) (extreme outliers outside 3 x IQR 
removed). 
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Looking at the behaviour change potential, 36% of all app users in Malvinas 
participated in at least one pause hour. Since participants managed to save 
electricity in the vast majority (86%) of all participations, and reached their savings 
goal in 67%, it can be concluded that the majority of participants successfully 
understood the concept of pause hours and took the necessary actions to save 
electricity. 
 
As mentioned above, the average peak load reduction by ‘savers’ was 46 %-units 
above the control group. This is a surprisingly high percentage in its own right, but 
even more so considering that the student apartments do not use electricity for 
heating or cooling, and participants thus did not have great possibilities to change 
their consumption, except for actions like unplugging devices from charging or 
changing their time of e.g. cooking or vacuum cleaning. 
 
For the full group of pause hour participants, i.e. including the 14% of “wasting” 
participations where more electricity than usual was consumed during the pause 
hour, the savings were reduced from 46 %-units to 28 %-units over the control 
group. This is a relatively large reduction caused by a small share of users and is 
challenging to explain without in-depth interviews. One possible explanation is that 
some users just participated out of curiosity. Another explanation could be 
insufficiently effective education provided by the app, i.e. despite giving examples 
of how many minutes the use of various appliances should be avoided to reach the 
savings goal (Figure 6), users did not understand the large difference in power 
consumption between various appliances and thought e.g. that turning off lamps 
and unplugging the laptop charger would allow them to use an electric kettle and 
still save. Having access to real-time data at e.g. 15-second resolution could help 
avoid such errors related to lack of knowledge by providing the current performance 
and trajectory during the pause hour or at least directly after the pause hour. 
 
One result that is difficult to explain is the 10.8% saving by the control group, which 
was expected to make close to zero saving. One possible explanation is that 
registered students encouraged non-registered students to save electricity without 
making them install the app, although there were no indications in surveys or 
interviews that this was the case. Another is that some of the chosen pause hours 
occurred at points where all users reduced their consumption for other reasons. A 
third explanation is that there was some undiscovered issue with the data analysis, 
although rigorous checks were made. 
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To compare the peak load reduction with that reported in other studies, the 
comparison deemed most relevant was to use the overall 3.3 %-unit peak load 
reduction by the intervention group, since other studies rarely have an opt-in 
approach for participation. The 3.3 %-unit reduction was at the lower end of the full 
range (1-20%) reported in seven demand response studies in Europe based on 
dynamic price tariffs (i.e. a monetary incentive) reviewed by Kessels et al. (2016). 
Considering that LocalLife only had incentives during 31% of the pause hours, a 
more relevant comparison might be to the average value of 1.6% in four experiments 
where the absolute electricity price difference was small (below 10 eurocents), 
compared with which LocalLife gave twice as great savings. Another relevant 
comparison is to the Active House demand response study by Nilsson et al. (2018a) 
in Stockholm Royal Seaport, which comprised 136 smart apartments with a wall 
display and an app to control lights and appliances in the apartment. Single-family 
households in that study had 9% savings compared with the control group during 
the daily peak hour periods. The Active House experiment thus showed a three times 
higher sustained reduction, but LocalLife was estimated to be 94% cheaper than 
Active House over a 5-year period, mainly due to not being dependent on smart 
home equipment (InteGrid, 2020). Thus, if daily peak load reduction is needed, a 
typical demand response programme with a fixed daily schedule such as Active 
House is more effective, but if the need is limited to irregular peak load reduction, 
an app-based approach such as LocalLife appears to be more cost-effective. 

5.4.1.1.2 The effect of incentives on peak load reduction 

Considering the 38% savings by the ‘savers’ group, the overall 3.3 %-unit saving seen 
for the full intervention group was relatively low and was an effect of the low 
participation rate. The results showed that incentives to combat this could help drive 
up both participation and performance. Incentives were used in 31% of all pause 
hours and, as shown in Figure 9, helped in quickly increasing the number of 
participants in the beginning of batch 1, a number that remained relatively high for 
part of that batch. Incentives also drove up the participation rate at the end of batch 
3. Overall, participation was 72% higher (11 instead of 6.4 participants on average) 
during incentivised pause hours and the electricity saving was 10 %-units higher.  
 
Compared with a similar experiment using the OhmConnect platform, where users 
receive monetary compensation if they reduce their consumption during on average 
two peak hours per week (Gillan et al., 2021), the 3.3 %-units savings of LocalLife 
were less than half the OhmConnect reduction of 7% for households without 
automated appliances achieved in part of that study. However, compared with 
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another part of that study where environmental messages without monetary 
compensation were trialled, the LocalLife result was better than the 1.9% savings 
seen for OhmConnect users without automation (Gillan et al., 2021). In summary, 
peak load reduction can be achieved without monetary incentives, but having such 
incentives improves the results. The effectiveness gains thus need to be balanced 
against the cost of the incentive. 
 
Incentives may not need to be monetary. In comparison with European studies 
reviewed by Kessels et al. (2016), where the largest tariff price differences gave 
better results, and a Swedish study indicating that price differences between peak 
and non-peak periods are too low to make users switch from a fixed to a dynamic 
tariff (Vesterberg and Krishnamurthy, 2016), part of the OhmConnect study found 
that the size of the monetary compensation did not greatly affect the size of the 
savings (Gillan et al., 2021). Further, the average OhmConnect saving (0.12 USD per 
event) was so small that it should be insignificant to most participants. This implies 
that non-monetary incentives could also be effective. One that would be interesting 
to examine in the future is gamification, which contains elements designed to 
increase individual motivation partly through social influence and has been shown 
to be effective in altering energy conservation behaviour (Johnson et al., 2017).  
 

 
Figure 9. Left axis: Pause hour statistics with the number of participants split into first-
time and “old” participants (bars) and the number of participants who achieved a pass 
(yellow plus signs). Right axis: Percentage participation as number of participants 
divided by the number of “at home” households registered on the app on the date of the 
pause hour (black line) and average percentage saving for savers split into batches B1 and 
B3 (coloured lines). Black diamonds below bars indicate use of a special incentive. 
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5.4.1.1.3 Long-term potential of pause hours 

For a peak load intervention such as pause hours to be effective, users need to keep 
participating for a long time, while maintaining a good reduction over time. In terms 
of duration of participation, students in the electricity pilot study participated in an 
average of 7.3 pause hours, with an average engagement period of 2 months between 
the first and last pause hour participated in. However, these figures include batch 1, 
which was short and saw students move away early due to Covid. Therefore, it is 
more relevant to study the 10.5-month batch 3 in isolation. This batch had an 
average participation period of 3 months, which is significantly longer than the 
participation period of up to three weeks reported in previous studies combining 
electricity consumption data with social networks (Foster et al., 2010; Mankoff et 
al., 2010). The mean duration of engagement for the 10% of users with the longest 
period of engagement was 288 days, which was slightly longer than the entire 
OhmConnect study period (270 days), showing that there is potential for long-term 
engagement if users can be motivated, possibly combined with the right form of 
incentives. However, comparing the 288 days to the median participation duration 
of three years in the European demand response studies summarised by Kessels et 
al. (2016), further studies are needed to assess the engagement potential over 
multiple years. 
 
Regarding the performance over time (Figure 9), the average reduction achieved by 
savers fluctuated between 45 and 80% in batch 1 and between 40 and 70% in batch 
3, but there was no visible trend of decreasing savings. Similar results were obtained 
in another analysis on individual performance over time in which participants were 
split into three groups of varying engagement (participation in 1-3 pause hours 
(N=45); participation in >3 pause hours over ≤60 days (N=20); and participation 
in >3 pause hours over >60 days (N=37)) and their average pause hour performance 
was calculated. That analysis showed no statistically significant difference between 
groups, suggesting that users generally understood the pause hour concept quickly 
and that long-term users managed to maintain their performance over time. 

5.4.1.1.4 Pause hours – a viable behavioural demand response intervention 

In summary, the large savings, relatively long engagement and increased knowledge 
and awareness recorded in surveys show potential for pause hours as a viable 
behavioural demand response intervention for peak load reduction. If implemented 
on a large scale, such a measure could decrease the risk of grid failures in Sweden 
due to the current European energy crisis (Svenska kraftnät, 2022). This type of 
residential engagement in the energy field is also vital for the economic and 
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environmental viability of the emerging renewable energy communities, where 
citizens are expected to participate actively in e.g. virtual power plants, peer-to-peer 
trading, microgrids and community-scale energy projects (Gui and MacGill, 2018).    

5.4.1.2 Effectiveness of feedback in reducing overall electricity consumption  

The second intervention in the electricity pilot study in Malvinas was to provide 
comparative feedback (section 4.1.6) to the students, with the aim of making them 
reduce their overall consumption. The overall electricity consumption of the app 
users was 6.9% lower than that of the control group, but there was no evidence that 
the feedback caused this difference, as there was no statistically significant change 
in app users’ consumption before and after they started viewing the feedback.  
 
One possible explanation for the lack of measurable effect of feedback is self-
selection (Heckman, 1990). The 6.9% lower overall consumption of app users 
suggests that those students who registered for the app already had sustainable 
habits before registering and thus found it difficult to reduce their consumption 
even more. However, since LocalLife was not advertised as an energy app, although 
energy features were mentioned, it is unlikely that this is the only or complete 
explanation. Considering the relatively small overall electricity consumption of the 
student apartments, where electricity is not used for heating or cooling and where 
cooking can be assumed to be one of the few high-consuming activities, it might 
simply have been difficult for many participants to achieve a measurable overall 
reduction, thus making the feedback non-actionable (Buchanan et al., 2014). 
Another possible explanation is that unlike most studies that focus on a single type 
of behaviour change, such as the study in a similar student setting by Bator et al. 
(2019) that focused on reducing the overall electricity consumption, the present 
study simultaneously evaluated overall reduction and peak load reduction. 
Although general electricity saving was mentioned in some posts and emails, and 
the monthly snapshot with a monthly electricity comparison to neighbours was 
introduced, the main focus of the experiment and most messages sent was pause 
hours. This could have shifted the users’ attention towards pause hours, and away 
from the importance of energy conservation in general, i.e. as a form of information 
overload (Eppler, 2015; Stephens, 2017) about the sustainability interventions. 
Further, during batch 1 there were technical scalability issues where the feedback 
page loaded increasingly slowly or not at all as more students registered. This was 
only mentioned at the end of batch 1, by several survey respondents, some of whom 
had stopped checking the feedback completely because of the technical issues, 
meaning that the feedback might have been used for too short a time to have any 
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effect. These issues were resolved before batch 3 started. Another possible reason is 
that the design of the feedback was not optimal for increasing participants’ 
understanding of their electricity consumption in a way that helped them reduce 
their relatively low consumption further, since it did not provide real-time 
consumption data (design principle P14), an hourly consumption breakdown or a 
consumption breakdown per appliance (P17). Lastly, the incentives for reducing 
consumption may not have been strong enough. Apart from the comparative 
feedback, the trial did not offer other incentives based on social influence, such as 
gamification. Economic incentives were also lacking. If students had needed to pay 
for their electricity consumption, which was not the case in this study, this could 
have made the feedback more effective, since even small economic incentives can be 
motivating, as shown in the OhmConnect study (Gillan et al., 2021). Large 
incentives can be even more motivating, since in a Swedish context, where electricity 
prices have been relatively low to date compared with the overall household budget, 
the current steep price increases due to the European energy crisis have already 
reduced overall Swedish household consumption, e.g. by 18% in October 2022 
compared with the same month in 2021 (Svenska kraftnät, 2022b). 

5.4.1.3 Change in knowledge and attitudes to electricity consumption 

Part of the work to address Objective 3 was to assess whether the interventions 
tested improved awareness of sustainability matters. To this end, survey responses 
obtained in the sign-up survey responses were compared with the responses from 
the 39 students who completed the final survey (24 in batch 1 and 15 in batch 3, in 
total 14% participation rate). To gain deeper insights, material obtained in eight in-
depth interviews held at the end of batch 1 was combined with the survey results 
and analysed in a Master’s project (Shahid Siddiqui, 2020). The survey results 
indicated a statistically significant increase in knowledge about saving energy in the 
household for nearly 60% of the respondents (a mean increase from 4.64 to 5.23 on 
a 7-point scale), and willingness to participate in peak load reduction due to 
environmental reasons by avoiding cooking and vacuum cleaning during the 
evening peak for 41% of the respondents (5.74 to 6.13). Self-reported (three-point 
scale; never/sometimes/often) turning off/unplugging devices when not needed 
increased for 23% of the respondents. The held interviews were consistent with the 
survey results by also indicating an increase in energy awareness and behaviour 
change. 
 
Overall, 32 of the respondents had participated in at least one pause hour. The main 
reasons given for participating were “to support the research” (31%), that “it didn’t 
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demand much effort, so why not do it?” (28%), to “do something for the 
environment” (25%) and “I like a challenge and wanted to pass the pause hour” 
(13%). Open-ended answers revealed that common actions to reduce consumption 
during pause hours were to unplug devices and chargers, avoid cooking and vacuum 
cleaning and not use lights if possible. One respondent even unplugged the fridge 
during some pause hours. During the pause hours, people performed activities that 
did not require using electricity from the grid, such as making phone calls, 
answering emails, reading books, watching movies on their phone or taking a nap. 
It was also common to leave the apartment e.g. to exercise, go for a walk or go to the 
library to study. 
 
In summary, the feedback and information provided in the electricity pilot study 
appeared to increase knowledge and attitudes to electricity consumption by 
increasing understanding of household electricity consumption and introducing the 
concept of load shifting, while also leading to a pro-environmental behaviour 
change in these areas.  

5.4.1.4 Two data barriers for providing feedback on electricity 

For household-level digital interventions and feedback such as that used in the 
electricity pilot study to be feasible and scalable, household electricity consumption 
data needs to be accessible. Two main barriers to data accessibility were 
encountered during the pilot study. The first of these was lack of immediate access 
to hourly consumption data. It was technically possible to obtain near real-time 
data, but the data was artificially delayed for 24 hours. This made it impossible for 
users to see their pause hour results immediately and was also part of the reason 
why creating a feature for showing hourly data was not prioritised, although it was 
requested by multiple survey respondents and interviewees and recommended in 
previous studies (e.g. Petersen et al., 2007; Ehrhardt-Martinez et al., 2010; Delmas 
et al., 2013; Paper II). Future projects should strive to avoid these kinds of artificial 
delays by increasing mutual understanding of needs of all actors early in the process. 
Fortunately, as technology advances, data access will be further simplified, e.g. the 
new generation of smart meters being installed in the Stockholm area can export 
real-time readings locally, although some extra hardware is required (Ellevio, 
2022). 
 
The second barrier was the difficulty in enabling residents to share their electricity 
data. In addition to the main pilot study in Malvinas, where students only needed to 
tick a box during registration, there were also plans to test the pause hours and 
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energy feedback in two plus-energy buildings (Plusenergihusen) with in total 44 
apartments in Stockholm Royal Seaport. Of these, 18 signed up to LocalLife, which 
was around the same sign-up rate as for Malvinas. However, like the majority of 
Swedish apartments, these had smart meters owned by the local DSO and thus 
required the user to sign an agreement allowing the DSO to share consumption data 
with LocalLife. In the past, users would have needed to print, fill out and send in a 
physical sign-up form showing their smart meter ID number. A digital consent 
process where the user only needed to sign a pre-filled contract with the de facto 
standard Swedish BankID identification solution was developed as part of the pilot 
study, but this process involved a third party, had unnecessarily many steps and 
could lead to users unwillingly switching to hourly billing, which could raise their 
energy costs. Partly as a result of this, only six of the 18 apartments went through 
the process of sharing their data. In another experiment23 using LocalLife in 
Portugal, users had to give their consent using a so-called Grid-Market hub that was 
piloted, but this solution also had many steps that were not optimal and caused 
issues for participants. The OhmConnect study faced similar challenges with all 
utilities having different processes with various degrees of digitalisation, so a 
simplified consent process that led to an increase in the proportion of users who 
signed the data-sharing consent was developed (Duestenberg and Mirviss, 2021). 
Thus, a streamlined, standardised, secure and possibly incentivised user consent 
process is key for making residents willing to share their electricity consumption 
data with a service such as LocalLife. Policy makers could require DSOs to design 
and implement such a process in the same way they have made smart meter 
installation mandatory. 
 
This concludes the results and discussion of the pilot study on electricity 
consumption. 

5.4.2 Evaluation of the waste sorting pilot study (Paper V) 
The results from the interventions tested in the pilot study on waste sorting in the 
Hornslandet block of Stockholm Royal Seaport are presented below, together with 
qualitative insights from the surveys and interviews. 

 
23The European InteGrid project (https://integrid-h2020.eu) that funded the electricity pilot study in 
Malvinas also funded a similar, but smaller, residential pilot study in Portugal. 
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5.4.2.1 Effectiveness of feedback on waste sorting and physical interventions on 
sorting behaviour 

As described in section 4.2, the waste pilot study involved digital interventions in 
the form of sorting information and comparative waste feedback aimed at 
increasing waste sorting (section 4.2.5) and physical interventions in the waste 
room aimed at making residents sort more of the recyclable fractions of plastic 
packaging and newspaper in the AWCS, instead of the waste room (section 4.2.6). 
Since the waste room was used by app users and non-app users alike, the physical 
interventions affected all users of that waste room, making it possible to compare 
residents who only received the physical interventions with residents who received 
both the physical and digital interventions. The results showed that the physical 
interventions had the intended effect for both waste fractions. Comparing app users 
with a control group of non-app users revealed that the amount of newspaper 
thrown into the AWCS increased in a similar manner for both groups. For plastic 
packaging, both groups also increased their sorting in the AWCS, but app users 
achieved a 50% larger increase, to 120% over the pre-intervention level, compared 
with an 80% increase for the control group. This statistically significant difference 
between the groups persisted over the 40-week post-intervention period (Figure 
10). The amount of residual waste, which was not affected by the physical 
interventions in the waste room but was the main target of the feedback presented 
in the app, did not change in a statistically significant manner for either of the 
groups. For more details, see Paper V. 
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Figure 10. Average weekly weight of plastic packaging [kg] sorted into the automated 
waste collection system (AWCS) over time. Weight estimated based on number of disposal 
events. 

These results suggest that both digital and physical interventions were effective in 
increasing residents’ use of the AWCS instead of the waste room for sorting plastic 
packaging. Part of the increase appeared to be an effect of the physical interventions 
in the waste room (stickers and removed bins). However, since app users showed a 
50% greater increase than the control group and this extra increase did not appear 
to be an effect of any sudden general increase in waste generation, as the amount of 
residual waste did not increase, having the app as a personal information channel 
with waste feedback and messages appeared to be an effective means of changing 
behaviour. Since the difference was relatively large, it might be due not only to app 
users being better than the control group at re-routing their plastic packaging waste 
from the waste room to the AWCS, but also to app users increasing their efforts to 
sort plastic waste from residual waste. As the residual waste did not show a decrease 
corresponding to the increase in plastic packaging waste for app users, increased 
sorting cannot be deducted from the data. However, as plastic packaging has much 
lower density than other waste fractions, it might be difficult to measure a decrease 
in the share of plastics just by weighing the residual waste, and volume comparison 
would likely have yielded a more tangible result. Assuming that a 50% increase in 
plastic sorting was actually achieved, the question arises of how this compares with 
previous findings. No comparable figures specifically on plastic packaging were 
found, but Young et al (1995) reported an increase of 6-46% for newspaper and 0-
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46% for mixed recyclables when providing feedback in small and medium-sized 
buildings in an area where sorting had just been introduced, i.e. with high potential 
for sorting. A potential 50% increase in a mature Swedish waste sorting context thus 
appears to be a good outcome that can help reduce CO2 emissions from plastic 
incineration (Miliute-Plepiene et al., 2019), reduce costs for incineration facilities 
(Lenas, 2022) and help cities reach their waste-related sustainability goals 
(Stockholm Vatten och Avfall, 2021). 
 
Since no statistically significant reduction in residual waste generation was found, 
the comparative feedback that specifically targeted residual waste did not appear to 
have been effective. Two of the explanations suggested for the lack of effect in the 
electricity pilot study (see section 5.4.1.2) may also apply to the waste feedback. 
First, the main focus was on plastic sorting in the messaging of the app, thus 
reducing the focus on general waste reduction. Second, there were no incentives to 
reduce sorting apart from the feedback provided. Lastly, a unique challenge in the 
waste pilot study was the difficulty in analysing the waste data and thus being able 
to detect small changes in behaviour, as described further in section 5.4.2.3. 

5.4.2.2 Change in knowledge and attitudes to waste sorting 

In work to fulfil part of Objective 3, i.e. to assess whether the interventions provided 
improved awareness of sustainability matters, surveys and interviews were also 
conducted in the waste pilot study. The final waste survey had 18 respondents, i.e. a 
30% response rate. No significant changes were found in the self-reported 
frequencies or knowledge of sorting various fractions (which was high from the 
start), except for an unexpected slight reduction in plastic sorting frequency (from 
2.94 to 2.72 on a scale of 0-3), but one user reported having started sorting glass 
and metal. Another user started using the food waste grinder after being informed 
of its environmental advantages (e.g. letting food waste be the source of biogas 
instead of being sent to incineration together with residual waste), leading to an over 
50% decrease in residual waste generation. Seven users reported having changed 
their sorting behaviour after joining the app, e.g. by being more thorough and 
sorting more. One reason given for this was the community feeling of the app, 
indicating that sorting waste properly is an injunctive norm (Ajzen, 1991; Fishbein 
and Ajzen, 2010) to which local neighbours want to adhere according to Social 
Identity Theory (Tajfel, 1974).  
 
Regarding the AWCS, the waste-related information provided by the app was 
reported to have increased user knowledge (5.8 on a 7-point scale) and general 
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opinion (5.8 on a 7-point scale, where 3.5 is neutral) about the system. The order 
and tidiness around the system, e.g. regarding issues and waste left on the ground, 
was reported to have improved during the intervention year (6.0). Checking the 
status of inlets and being able to report errors was (tied with local newsletters and 
local news stories) the most highly appreciated feature of the app, with 72% of user 
votes. 
 
Indirectly related to waste, the survey showed that trust between neighbours in the 
block had increased slightly (from 5.3 to 5.9 on a 7-point scale). Trust is needed to 
make residents engage in activities related to the sharing economy (Teubner and 
Hawlitschek, 2018; Walter, 2017), such as lending and renting out items in the local 
digital marketplace provided in the app (section 4.2.4). This feature was used six 
times during the pilot study, contributing to the reuse goal in Stockholm’s waste 
plan (Stockholm Vatten och Avfall, 2021). Lastly, 94% of the respondents said they 
would miss the service if it were closed down. 
 
In interviews held with residents in Hornslandet at the end of the waste pilot study, 
the respondents re-stated their appreciation of the inlet error reporting feature 
expressed in the survey, but they also reported that they appreciated the information 
provided in the app about how to sort waste correctly. The survey responses 
indicated that the information provided by the app had increased knowledge and 
users’ general opinion about the AWCS. This type of information was needed, as not 
everyone knew that there was an AWCS in their area. The respondents reported that 
the AWCS had fewer issues during the pilot study period and this was confirmed by 
the AWCS company, which reported a 55% decrease in user-generated blockages in 
Hornslandet during the post-intervention period (October 2020-June 2021) 
compared with the same period one year earlier (Enarsson et al., 2021). Such 
blockages occur because residents dispose of non-permitted items via the inlets (e.g. 
pizza cartons, Christmas trees, bowling balls), and the decrease in blockages 
suggests that the information provided helped residents to use the AWCS in the 
intended way. The lower incidence of issues likely contributed to the improved 
resident satisfaction with the AWCS, and reduced the workload (ibid.) and may have 
reduced maintenance costs for local property owners. 
 
In summary, it appears that the information provided in the app helped residents 
to improve their sorting and to use the existing waste disposal system in a more 
optimal way. This suggests that there is a lack of information via official channels 
that the app could help address, thus contributing to the goal in Stockholm’s waste 
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plan of increasing knowledge and motivating residents (Stockholms Vatten och 
Avfall, 2021). 

5.4.2.3 Challenges to providing feedback on waste sorting 

While the technology with RFID-opened waste collection inlets used in this thesis is 
an important step forward in enabling the waste industry to provide household-level 
feedback, some challenges need to be addressed.  
 
The greatest challenge on a global scale is scalability. Unlike smart meters for 
electricity, AWCS installations are currently only available in a relatively small 
number of selected city districts worldwide. Envac, the original inventor of the 
AWCS, is currently the largest actor in the market and has around 1000 installations 
servicing some 4 million users per day (Envac, 2022), so the possibility to provide 
feedback based on data from waste inlets will depend on the growth of this market. 
In the absence of an AWCS, the waste industry, while lagging behind the energy and 
water industries, is slowly catching up on its digitalisation journey with other types 
of solutions, such as locks and scales installed on bins in a case study by the company 
Carrot (Carrot, 2022). These could be used to collect household-level waste data in 
single family homes. However, there are currently almost no other known solutions 
for multi-residential buildings. One exception is the city of Parma in Italy has a pay-
as-you-throw system for residual waste that works for multi-residential buildings. 
Residents place household-specific, RFID-equipped bins outside their building, and 
the bins are weighted and emptied 1-2 times per week (Folli and Ricci-Jürgensen, 
2016). Such system is more scalable than an AWCS since it does not require new 
infrastructure, but it does not offer real-time data collection and only measures a 
single fraction.   
 
Other challenges concern data analysis and interpretation. On analysing data from 
the waste pilot study, it was evident that the number of opening events and the 
weight of waste thrown in varied quite a lot on household level over time. The 
highest resolution that was somewhat stable was monthly level, but even then a 
variation of 10-15% between months was not uncommon for residual waste. For 
waste fractions that are seldom disposed of, such as newspaper waste that has 
decreased due to digitalisation, the results varied even more. Therefore, it is difficult 
to draw statistically significant conclusions about small relative changes in waste 
generation on a month-to-month basis. When analysing the data, longer time 
periods such as 3 or 6 months can be used to smooth out changes, but such long 
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periods are not optimal for user feedback that often focuses on the user’s current 
behaviour. 
 
If a decrease or increase can be measured, the next challenge is to find the most 
plausible reason for this, e.g. actual behavioural change or some other reason. For 
example, a decrease may be due to residents generating less waste or to them being 
away on vacation for a few weeks. Unlike electricity consumption, where it is 
relatively easy to see on a daily basis if someone is at home, it is more difficult to 
make similar assumptions based on waste disposal as it is done more rarely and 
more irregularly. While some households dispose waste many times per week, 
others do so once a week or even more seldom which makes it challenging to identify 
if they are at home or not. With some effort, it would probably be possible to create 
e.g. statistical or machine learning models based on these irregular data that could 
recognise when residents are away, while another more accurate but also more data-
intensive method would be to access another data point, e.g. a survey or household 
electricity or water consumption data. These methods can hopefully be tested and 
evaluated in future projects. 
 
A reason for a measured increase may be that the residents can dispose of a 
particular waste fraction at multiple sites. This was the case in the pilot study in 
Stockholm Royal Seaport, where in addition to being collected in the AWCS, small 
plastic packaging was “double-collected” in 40% of waste rooms, and newspaper in 
20%, in 2019 (Stockholm Vatten och Avfall, 2019). This could also be the case in 
other areas. Unless waste generation at all these sites is measured, ideally on 
household level, it can be difficult to determine whether residents are just shifting 
the same amount of waste from one place to another (e.g. from the waste room to 
the AWCS) or if they are indeed increasing their sorting. 
 
Lastly, using the weight of waste fractions to determine how well residual waste is 
sorted will always be an approximation. The only way to confirm this, at least with 
today’s technology, is to perform multiple manual spot checks (plockanalys) on the 
waste by opening up waste bags that citizens have thrown out and studying their 
contents. However, such analyses are rarely conducted and it is not possible to 
follow individual households in a multi-family setting (except in specific research 
settings, e.g. Waldman, 2022), as the analysis is done for containers shared by 
multiple households. The approach with real-time, household-level weight data 
provided by the AWCS thus has several advantages and, in addition to enabling 
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feedback to residents, can serve as a useful foundation and be complemented with 
manual spot checks. 

5.4.2.4 The value of combining AWCS with the value-creating approach 

The waste pilot study showed that collecting data from a AWCS and using it to 
provide feedback to residents, while also providing needs-based features, is a 
fruitful combination. The method for collecting and making waste data available to 
residents through feedback is novel. Even when taking account the limited 
scalability of AWCS installations mentioned in the previous section, an AWCS with 
household-level data collection appears to be one of very few – if not the only – 
solution currently available with the potential to provide household-level waste 
feedback (instead of aggregated feedback) for multi-residential buildings in an 
automated manner for longer periods (i.e. multiple years vs months) and on a larger 
scale (i.e. cities vs blocks) than in previous studies on waste feedback (Mertens and 
Schultz, 2021; Schultz, 1999; de Young et al., 1995). The real-time automated waste 
data also provide new opportunities for urban metabolism researchers (e.g. 
Shahrokni, 2015) to better understand the material flow of cities and for 
municipalities to monitor progress towards their waste-related sustainability goals 
(e.g. Stockholm Vatten och Avfall, 2021). 
 
The value-creating possibility of reporting errors in waste inlets and getting 
information on how to sort waste in the area emerged as key factors for user 
adoption. While getting feedback was the main interest for some participants, 
providing an app with waste feedback as its only feature would probably have 
reduced the adoption share considerably. It thus appeared to be the combination of 
value-creating features and feedback that opened up the possibility to induce pro-
environmental behaviour for a larger share of residents. 

5.4.3 Potential of the value-creating approach for long-term engagement 
Having examined the electricity and waste pilot studies in detail, it is now time to 
provide an overall perspective. This thesis tested the hypothesis that a local digital 
service meeting everyday user needs can provide enough value for users to make 
them join and stay as members, thus enabling long-term provision of sustainability 
feedback to residents. This section synthesises findings relating to this hypothesis. 



63 

5.4.3.1 Fulfilment of user needs 

In the electricity pilot study in Malvinas, the local social network framing, with the 
possibility to learn to know one’s neighbours and communicate with them, was the 
main feature intended to cater for users’ needs. However, during the experiment, 
the communication features were mostly used as a supplementary channel by the 
students to communicate among themselves, while the bulk of the (mostly 
electricity-related) communication was by researchers, LocalLife staff and student 
building ambassadors. In a sense, the students consumed more information than 
they produced. One reason for this is that the students already used an existing 
WhatsApp group for day-to-day communication, and it is of course difficult for a 
research-based platform to replace a dedicated communication app that many 
students were already familiar with. This does not necessarily mean that the value-
creating approach is not plausible, but rather indicates that the current execution 
needs refinements and also that students’ need for communicating was already met 
to a large extent. As evidence for the latter, outside the pilot study presented in this 
thesis LocalLife was launched with the local social network and marketplace 
features in two other pilot areas (Halmstad and Mölndal) that did not have pre-
existing communication groups, and in those areas the communication features 
were used to a larger extent. Another observation from the pilot study is that even if 
needs were ultimately not met, the mere framing of the solution as a local social 
network instead of a pure energy app may have increased the amount and type of 
students who registered. The high proportion of registered users (51%) and the fact 
that 34% of females in Malvinas signed up for the app, from among the 
approximately 31% of females among the total number of students living there, 
suggests that the service seems to have appealed to users outside the technology- 
and feedback-interested group of ‘Resource men’ (Strengers, 2014). Thus it may 
have been a way of influencing users who would probably never have downloaded a 
pure energy app. 
 
For the waste pilot study in Hornslandet, the share of 40% registered users, despite 
the existence of a well-used local Facebook group, suggests that the identified need 
for seeing the status of waste inlets and reporting errors seemed to be real. The error 
reporting feature was also ranked joint highest in the digital waste survey, in 
combination with receiving local information and news, while post-pilot interviews 
highlighted the usefulness of the sorting guides. The fact that 93% of users stayed as 
members throughout the experimental period and 94% of survey respondents 
reported that they would miss the service if removed suggests that these needs are 
recurring and long-term. This has been recognised by the AWCS company, as the 
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research reported in this thesis has led to the development of a business-grade 
smartphone app with error reporting, improved waste feedback and a guide on 
waste sorting that is planned to be rolled out globally in 2023 (Figure 11). 
 

   
Figure 11. Screenshots from the business-grade app, with (left) the landing page, (centre) 
part of the monthly snapshot with CO2 calculations, and (right) part of the guide on where 
to dispose of various types of waste. 

5.4.4 Potential for long-term engagement with sustainability interventions 
To get an empirical understanding of the engagement potential of the value-creating 
approach, the length of the membership periods and the engagement in the 
sustainability interventions was examined. For the electricity pilot study in 
Malvinas, it was found that students remained members of the platform for on 
average 60% of the duration of batch 1 and 75% of batch 3 (Figure 12), thus being 
reachable for feedback for a major part of the study period. An important reason for 
the comparatively lower membership duration for batch 1 was early move-out of 
almost one-third of the students due to the Covid-19 pandemic. The participation in 
interventions did not last as long as membership, but users actively viewed the 
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feedback for nearly 40% of the time for both batches, while the pause hour 
participation period was shorter. 
 

 
Figure 12. Length of membership period (until moved out or account deleted), feedback 
viewing period (number of days between the first and last feedback view) and pause hour 
participation period (number of days between the first and last pause hour participation) 
of users in batches B1 and B3 in the electricity pilot study. Users spanning both batches are 
shown as separate participants in each batch. White dashed lines indicate mean values, 
dotted lines indicate batch length. 

 
The waste pilot study, which was performed in a setting of ordinary households, 
showed similar results (Figure 13). Of the 61 users that were active during the 
intervention period (week 35 2020 onwards), most remained registered and only 
four deleted their account before the experiment ended in June 2021. The average 
membership length was 226 days out of 276 (82%). Of the 61 active users, 36 users 
viewed the feedback during the study, over an average feedback period of 69 days. 
This relatively low figure derived from the fact that half of the users only viewed the 
feedback during a single day. 
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Figure 13. Length of membership period and feedback view period in days in the waste pilot 
study. White dashed lines indicate mean values, dotted lines indicate batch length. 

The fact that a relatively large share of users registered for the service and stayed 
members for most of the pilot study period suggests that the value-creating service 
was successful in reaching a wide audience of residents and providing a possibility 
to engage them for long term, thus offering a solution for mitigating the information 
overload (Eppler, 2015; Stephens, 2017). However, one could question why the 
average membership length in the Malvinas electricity study (75%), which did not 
appear to create value by solving the communication needs of its users, was almost 
as high as that in the Hornslandet waste study (82%). Possible explanations are that 
the Malvinas residents were students, who are generally more enthusiastic about 
trying out new things, including apps, and that the information provided by 
Malvinas and the electricity feedback gave value to at least some of the users. The 
importance of creating value can be seen more clearly on comparing the 
Hornslandet waste study with the planned but unsuccessful electricity pilot study in 
Plusenergihusen in the same area (see section 5.4.1.4). Both studies targeted the 
same type of “non-student” multi-family dwellings, and both had a relatively high 
registration rate (40%). However, the Plusenergihusen pilot study did not offer the 
inlet error reporting feature of the waste pilot study (which retained the interest of 
users) and most users did not get access to the electricity feedback feature due to 
the user-unfriendly and potentially economically unfavourable method of sharing 
their electricity data. It can be assumed that these are strong reasons why the 
Plusenergihusen pilot study failed to provide sustainability interventions to the 
majority of its participants. Thus, the Hornslandet waste study demonstrated the 
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importance of providing a solution for a real user need for retention of users, and 
also the importance of making it easy for users to share their sustainability data. 
 
Regarding the issue of interventions being forgotten due to backgrounding 
(Hargreaves et al., 2013), the average engagement periods for studying feedback and 
taking part in pause hours were significantly shorter than the membership period, 
which can be assumed to be partly an effect of the relatively rudimentary 
implementation of the interventions. Future iterations with improved and more 
engaging feedback combined with more incentives, e.g. in the form of gamification, 
could be more successful. 
 
In summary, through an HCD process, the concept of a value-creating approach for 
sustainability interventions was developed and evaluated in this thesis. The value-
creating approach appears to be a promising step in reaching a wide audience of 
residents with sustainability feedback and messages. It was found that the approach 
can overcome the information overload barrier and can sustain engagement for a 
share of its users, as long as a real need, specific for the city district, is identified and 
leveraged. Therefore, the approach can be valuable as an engagement mechanism 
in future sustainability-related projects based on changing the behaviour of 
residents. 

5.5 Limitations 

The focus group discussions assessing everyday user needs and the phone-based 
household surveys that indicated local isolation among neighbours were conducted 
at different locations and 2.5 years apart, the former in autumn 2015 in Hammarby 
Sjöstad and the latter in May 2018 in Stockholm Royal Seaport. As both districts are 
relatively close geographically and have a similar type of homogenous upper middle-
income population, it can be assumed that needs do not differ considerably and that 
these results can be combined. One exception is Hammarby Sjöstad’s local 
communication need from 2015, which appeared to be partly resolved five years 
later in Stockholm Royal Seaport by the active local Facebook group. Also, since 
Hammarby Sjöstad is nearly two decades older than Stockholm Royal Seaport, the 
bonds between neighbours in Hammarby Sjöstad were probably stronger. It should 
also be noted that since both districts are eco-districts, the findings on 
environmental attitudes and pro-environmental behaviours may not be 
generalisable to other city districts or other cities.  
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The electricity pilot study involved students on the KTH campus in Malvinas, so care 
needs to be taken when generalising the outcomes regarding pause hours to 
ordinary apartments. As students are usually enthusiastic about trying out new 
things, ordinary apartments can be assumed to have a lower participation rate and 
lower relative savings, but the absolute amount of electricity may still be similar or 
larger, due to their larger reduction potential. Another difference is that the basic 
need for belonging and the need for communication were not investigated directly 
for the students. It was known that most were international students who shared a 
building for a relatively short time, so there was likely a need for social belonging 
and communication, but these needs appeared to have been met by e.g. the existing 
WhatsApp group. Thus the communication features and marketplace tested in the 
electricity pilot study may not have fulfilled any real needs.  
 
A limitation in the waste pilot study was the requirement for approximations of data 
as described in section 5.4.2.3, e.g. the amounts of plastic packaging and newspaper 
were estimated by the number of inlet door openings; weight data were unavailable 
for fractions not collected by the AWCS; and weight or inlet door opening data alone 
can only give an approximation of whether a household has increased or decreased 
its sorting of recyclable waste, and manual analysis of the waste is needed to be 
certain. However, residual waste is a good indicator for all other sorting, in the sense 
that less sorting leads to more residual waste. 
 
The survey results may not be generalisable to all participants or the general 
population, due to the low participation rate and self-selection of participants for 
the final surveys. 
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6 Conclusions and contributions 
This thesis presents a novel, value-creating approach for reaching and engaging 
residents with information on sustainability matters. The underlying concept was 
that if a digital service can create value for residents by supporting them with their 
everyday needs, the same service can also be used to reach residents with 
sustainability feedback and messages. This concept was examined in this thesis, 
where key objectives were to: 1) identify relevant needs of citizens that such a service 
could meet and build a service; 2) design and develop sustainability feedback for the 
service; and 3) evaluate the pro-environmental effects of electricity and waste 
feedback provided within the service.  
 
A sustainability-oriented local social network was identified as a suitable value-
creating service. Through an iterative user-centric design process, behavioural 
insights from environmental psychology and behavioural economics and design 
principles from HCI were combined with identified user needs into a local social 
network including sustainability feedback. Having developed and tested this local 
social network, it was evaluated in two behavioural pilot studies, one focusing on 
electricity consumption and one on waste sorting and recycling. The conclusions 
and contributions from the process of creating and evaluating this service are 
summarised below. 
 
Objective 1:  

Identify long-term needs of residents in a neighbourhood that could be 
addressed with a digital service, and develop a service that can meet a subset 
of these needs and serve as a platform for digital sustainability interventions. 

 
● A basic need for belonging among neighbours was verified, and needs 

related to local communication and information were identified (Paper I). 
● A need for better coordination regarding issues relating to shared 

infrastructures within a neighbourhood was indicated. 
● A sustainability-oriented local social network with the potential to meet 

these needs was designed and developed. It was expected to be beneficial 
for sustainability feedback due to its possibility to engage users as long as 
they remained members and its built-in possibility to use social influence 
(Paper I). 
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Objective 2: 
Apply behavioural theories and sound design principles to design and develop 
elements of the digital service that promote specific pro-environmental 
behaviours in household electricity consumption and household waste 
sorting. 

 
● A set of design principles for sustainability-based feedback was compiled 

(Paper III). Through a design workshop with potential end-users, a subset 
of these design principles was validated in the context of a local social 
network, contributing to previous research on these principles. The pre-
compiled and contextually validated set of principles can also be 
considered a practical contribution for future HCI practitioners and 
designers aiming to create sustainability feedback. 

● High-resolution data was found to be critical for sustainability feedback 
and analysis of sustainability performance (Paper II). This is a useful 
finding for practical planning of future sustainability-related projects and 
digital master-plans for eco-districts. 

 
Objective 3: 

Evaluate whether the digital service with its behaviour-changing elements 
and other connected interventions can improve residents’ sustainability 
awareness and lead to long-term changes toward pro-environmental 
behaviour in household electricity consumption and waste sorting. 

 
Value-creating approach 

● The value-creating approach can be successful in obtaining and retaining 
residents by addressing relevant local needs, while also acting as a channel 
for sustainability interventions that overcomes current challenges with 
information overload and backgrounding (Papers IV, V). This approach is 
a novel addition to the HCI and environmental psychology literature, and 
can be a practical tool that helps cities and municipalities reach their 
climate and environmental goals by mobilising citizens. 

 
Electricity consumption behaviour   

● Pause hours, a behavioural demand response intervention where users 
were asked to reduce their consumption during 2-3 peak hours every 
week, resulted in a peak load reduction of 3.3 %-units (Paper IV). This 
contributes to the body of demand response literature showing that 
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irregular peak load reduction (e.g. OhmConnect in the USA) is also 
effective in the form of pause hours in a Swedish context. Practically, 
pause hours could be a cost-effective tool for Swedish DSOs to include 
households in peak load reduction, which is relevant at the time of writing 
due to the current European energy crisis. 

● Incentives for peak load reduction are not necessary, but even relatively 
small incentives were shown to improve participation by 72% and 
performance by 10 %-units (Paper IV). This can inform upcoming 
behavioural demand response campaigns considering inclusion of cost-
effective incentives of some form. 

● The difficult consent process for users to share their household electricity 
consumption data and lack of access to real-time data were identified as 
barriers to providing effective electricity feedback. Policy makers should 
strive to eliminate these barriers. 

 
Waste sorting and recycling feedback 

● To my knowledge, the waste pilot study was the first (excluding pay-as-
you-throw solutions) to use household-level waste data from a AWCS to 
provide individualised, digital feedback to residents. The results 
demonstrated that the value-creating approach can be useful to engage 
citizens in the waste sector. The feedback and information led to a 50% 
increase in waste sorting behaviour (plastic sorted in the AWCS instead of 
the waste room) compared with a control group (Paper V). It also 
appeared to improve waste sorting by reducing the amount of plastic 
incinerated and thus CO2 emissions and associated costs for waste 
incineration facilities. These results contribute to the small body of waste 
studies examining feedback for waste sorting and are novel regarding 
digital household-level waste feedback. Further, the novel and scalable 
way of collecting real-time household-level waste data from the AWCS 
opens up new possibilities for multiple stakeholders, allowing e.g. 
behavioural and HCI researchers to better understand waste-related 
behaviour, increasing urban metabolism researchers’ understanding about 
waste flows in cities and helping cities or municipalities to track progress 
towards their waste-related sustainability goals. 

● The information provided about the AWCS led to increased knowledge 
and satisfaction with the system, which likely helped to reduce the number 
of issues with operation by 55%. This practical knowledge that existing 
channels for providing waste-related information are suboptimal indicates 
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that AWCS operators should seek to provide easily available digital 
information on how the AWCS system works, to obtain smoother system 
operation and higher customer satisfaction.    

● Survey results indicated an increase trust between neighbours by the end 
of the waste pilot study, which could have been a side-effect of providing 
the interventions as part of a local social network. Trust is necessary for 
the local circular economy, where residents are expected to give away, sell, 
lend and rent items from each other. Increased trust can thus support 
cities to increase reuse through circular economy. 

 
Lack of effects of feedback 

● Although the comparative feedback provided seemed to result in 
behaviour changes for pause hours and plastic sorting and seemed to 
increase the knowledge and attitudes of the residents to waste recycling, it 
did not lead to a decrease in overall electricity consumption (Paper IV) or 
waste generation (Paper V). Possible reasons are self-selection, not having 
general reduction as the main focus of the pilot studies, shortcomings in 
current implementation of the feedback, and for electricity, difficulties for 
participants to reduce their overall consumption due to already low 
consumption and no high-consuming devices. These insights contribute to 
the body of literature on sustainability feedback. 

● Suggested feedback improvements were to provide real-time feedback for 
electricity to help residents better understand their consumption (Paper 
IV), and to establish more data points for waste and use multiple data 
sources to enable more precise analysis. Both types of feedback were 
suggested to include better incentives.  
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7 Future research 
This thesis took the first steps in designing a novel, value-creating approach and 
evaluating it in two relatively small-scale pilot studies in Stockholm, Sweden.  
 
Scaling up 
To build on the results from the pilot studies, the value-creating approach would 
benefit from being tested at a larger scale, in different types of dwellings (e.g. 
detached houses vs. multi-family dwellings) and across different countries and 
cultures. This would give an increased understanding of the drivers for behavioural 
change, and would most likely require changes to the feedback and messaging to be 
effective. An aspect that is particularly interesting to research in different cultures 
is the effect of comparative and goal-based feedback on collective or individual level 
(e.g. building level compared with household level). 
 
Electricity consumption research 
The studies on pause hours and electricity feedback involved exchange students who 
stayed for a maximum of 10 months and lived in apartments with lower overall 
consumption, but did appear to show greater enthusiasm than ordinary households. 
The needs-based approach should therefore be tested in a more generalisable 
setting with ordinary households, for a period of multiple years and at a larger scale. 
Future studies are recommended to develop a simpler and scalable process for 
households to share their electricity data with a third party and provide improved 
feedback with access to real-time consumption data and immediate pause hour 
results. More studies should be performed on non-monetary incentives, possibly 
based on stronger social influence e.g. in the form of gamification. Research in this 
area is expected to be valuable for the emerging renewable energy communities, 
where behavioural demand response could play an important role. 
 
Waste recycling research 
The waste pilot study was an important first step in evaluating a novel approach for 
providing feedback based on automatically collected household-level waste data 
from an AWCS. However, since part of the purpose was to validate the approach and 
technology, the study was deliberately scaled back. Future waste experiments 
should be large-scale and refine the design of waste feedback based on the findings 
in the pilot study. One such experiment is currently underway in a scaled-up IoT-
project called Reduce Reuse Recycle SRS in the Stockholm Royal Seaport, where 
more communication channels for the feedback will be evaluated.  
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The waste pilot study was conducted in Sweden, one of the leading countries in 
waste recycling. It would therefore be interesting to perform international studies 
at different sites and cultures with different maturity levels of recycling, to gain a 
better understanding of the potential and barriers in other contexts to waste 
recycling in general and the value-creating approach and feedback in particular. One 
interesting area for a follow-up project would be South Korea, where some city 
districts collect food waste using a pay-as-you-throw AWCS. Apart from being a 
different context, that setting would allow exploration of whether e.g. comparative 
feedback can be effective in addition to the existing economic incentives. 
 
Better conclusions about behavioural changes in multi-family dwellings could be 
drawn if it were possible to measure waste fraction weights and give household-level 
feedback on all waste fractions generated. This would require a combination of data 
from the AWCS, “smart” waste bins in waste rooms and, in the case of areas that use 
food waste grinders such as Stockholm Royal Seaport, a way of measuring the 
organic waste from these. A first step will be taken in the upcoming eco-district of 
Stora Sköndal, where a planned trial will measure weights of both household waste 
and food waste, but a pilot study including all fractions remains for future research. 
With decreasing prices and more features available for various IoT solutions, these 
types of measurements should be technically feasible and relatively inexpensive in 
a not-too-distant future, but market transformation or political goals and 
corresponding regulations are needed to make waste measurement mainstream – 
similar to the transition in the electricity field with the emergence of smart meters. 
 
Combined sustainability flows 
It would be valuable to test the design concept with multiple sustainability flows, 
e.g. waste, electricity and water, ideally combined with data on the household’s 
purchases and travel habits. That would cover a larger part of the overall household 
carbon metabolism, helping residents make better choices, and also increase 
understanding of positive or negative spillover effects on pro-environmental 
behaviour and allow more accurate analysis of the data due to the triangulation 
possibilities. Given the transition towards Viable Cities in Sweden and across 
Europe, there will likely be numerous opportunities for flagship projects that elevate 
knowledge, helping cities to reduce their dependencies on incoming energy and 
material flows and to maximise their potential for reusing and recycling what they 
no longer need. 
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Collaborative research 
As a final note, this research was possible due to a close quadruple-helix 
collaboration between academia, industry, government officials and, last but not 
least, residents, who were instrumental in outlining their needs, ideas and 
suggestions. Such collaboration is far from easy to create, but proved to be of 
significant value for the overall outcomes in this thesis. From the academic side, the 
research was based on knowledge from highly skilled industrial ecologists, power 
grid researchers, environmental psychologists, social scientists and researchers 
within the field of HCI. Future research on these topics would benefit from a 
collaborative, transdisciplinary approach with research designs based on 
quadruple-helix research projects. 
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Appendix A 

A1. Social networking features 

   
Figure A1-1. The main social network feed (left) and the marketplace (right). 
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A2. Waste features 

 
Figure A2-1. Map and listing of AWCS waste inlets and waste rooms, showing their 
current status and allowing the user to report issues. 
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A3. Physical waste interventions 

 
Figure A3-1. The single remaining bin for plastic packaging in the waste room, with 
stickers telling residents to throw small plastic packaging in the AWCS waste inlet. 

 
Figure A3-2. Waste inlets decorated with decals of “waste monsters” 






