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Abstract 
Giving feedback to households about their energy consumption has been seen by many as a necessity in order for households 
to reduce their energy consumption and lower their carbon footprint. Many studies have been made on how smart meters, that 
give feedback on the total consumption, are used and their effect on the consumption. However, fewer studies have been 
done on how disaggregated feedback is understood and acted upon. 

Smappee is an energy feedback system that monitors the household’s consumption and is able to detect appliances’ 
consumption with only 3 physical clamps at the incoming current, using non-intrusive load monitoring (NILM). NILM 
differentiate appliances based on their electrical signature which is generated by turning an appliance on and off. The users 
get the feedback through a smartphone application. 

This study attempts to answer the question “How do users understand and act upon disaggregated feedback in Smappee?” by 
doing a qualitative study based on contextual interviews made on 15 users of Smappee. The results of the interviews are then 
compared with previous studies within the field of smart meters and a conceptual model is being described of how users 
understand Smappee. The results show that disaggregated feedback in Smappee is perceived as too difficult to acquire. Users 
thought it was too hard to find which appliances represented in Smappee correspond to which physical appliances in the 
household. However, the users used the real-time total consumption in order to make an estimation of how much certain 
appliances consumed. This indicates that users are interested in disaggregated feedback if it is easily accessible. 

Users have, in general, a good understanding of how Smappee detects appliances. They understand that Smappee is 
measuring the incoming current and makes assumptions based on the increases and decreases. They did not use the 
disaggregated feedback, even though they understood how it worked. 

 

Sammanfattning 
Att ge feedback till hushåll om deras energikonsumtion har setts, av många, som en nödvändighet för att hushåll ska kunna 
reducera sin energikonsumtion och minska sina koldioxidutsläpp. Flera studier har gjorts om hur smarta mätare, som ger 
feedback om totalkonsumtionen, används och deras effekt på förbrukningen. Men färre studier har gjorts om hur uppdelad 
feedback förstås och hur användare agerar på detta.  

Smappee är ett energifeedbacksystem som mäter hushålls konsumtion och är kapabel att detektera apparaters konsumtion 
med endast 3 klamrar på den inkommande strömmen, genom att använda “non-intrusive load monitoring (NILM). NILM 
skiljer på apparater baserat på deras elektriska signatur som genereras av att sätta på och slå av apparater. Användarna får 
feedbacken i en Smartphone-applikation. 

Denna studie försöker besvara frågan: “Hur förstår och agerar användare på uppdelad feedback i Smappee?” genom att 
genomföra en kvalitativ studie baserad på kontextuella intervjuer genomförda med 15 användare av Smappee. Resultatet från 
intervjuerna är sedan jämförda med tidigare studier inom området smarta mätare och en konceptuell model beskrivs om hur 
användare förstår sig på Smappee. Resultatet visar att uppdelad feedback i Smappee uppfattas för svår att använda. 
Användarna upplevde att det var för svårt att finna vilken apparat i Smappee som korresponderar till en viss fysisk apparat i 
hushållet. Dock använde användarna realtidskonsumtionen för att skapa en uppskattning om hur mycket vissa apparater 
konsumerade. Detta indikerar att användarna hade ett intresse i uppdelad feedback om det var tillgängligt på ett lättare sätt. 

Användare har, i allmänhet, en god förståelse om hur Smappee detekterar apparater. De förstår att Smappee mäter 
inkommande ström och gör antaganden baserat på ökningar och minskningar. De använde inte uppdelad feedback även om 
de förstod hur det fungerade.   
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INTRODUCTION 
Global warming is an issue that affects everyone and is 
currently causing climate changes. In order to reduce 
people’s carbon footprint, the total set of greenhouse gas 
emissions caused by an individual (Spencer, A. & Clarke, 
A., 2010), development of energy efficient technologies is 
one approach. Another approach is to teach people how to 
use their technology in an energy-efficient way. In Europe, 
households account for 25% of  the energy-related 
greenhouse gas emission (EEA., 2013.) Therefore, 
households energy consumption and energy efficiency are 
important targets for policy makers and have a high saving 
potential (Joachain, H. et Al. 2014). 

According to Burgess and Nye (2008), energy is so-called 
‘double invisible’ to households. Firstly, it is a very abstract 
and invisible force and, secondly, it is a part of 
inconspicuous routines and habits. This means that it is very 
hard for people to connect their activities to their energy 
consumption (Hargreaves et al. 2010). Before smart meters 
(monitors that provide users real-time feedback of their 
energy consumption) were used, households consumed 
energy within an information void (Carroll, J et al. 2014). 
Consumers did not know what, and how much, appliances 
consumed and when they consumed energy. According to 
Gram-Hanssen (2009) such information, brought by smart 
meters, is a key component for achieving a behavioural 
change. This behavioural change is needed for people to 
reduce their electrical bill and also reduce their carbon 
footprint (Carroll, J et al. 2014). It is also needed to 
overcome the energy’s ‘double invisibility’ (Hargreaves 
2013). 

Even though it sounds simple, applying an energy feedback 
approach is not as easy as cause and effect. Providing 
information about user's energy consumption will not 
automatically motivate the users to reduce their energy 
consumption and become more efficient. Strenger (2011) 
believes that providing electricity feedback to consumers in 
order to make them reduce their energy consumption is a 
perspective designed for the so-called “Resource Man”. The 
Resource Man is a vision of an archetypical man who 
continuously controls his energy consumption through 
technology by the help of feedback and desire. Strenger 
suggests that such a Resource Man vision is not applicable 
on an average human being.  

 

Smappee 
Smappee is a device shipped with interactive application for 
tablets or smartphones that monitors the users’ household’s 
energy consumption. It provides real-time feedback of the 
total consumption at the moment as well as the amount of 
energy that is so-called “always-on” (e.g. refrigerators, 
heating, routers, standby devices etc). This consumption is 
then stored and the user can explore statistical history (see 
figure 1) of their previous energy consumption which 
allows the users to learn from their own mistakes and 
successes. 

 
Figure 1 Usage history shown in Smappee 

The feature that differentiates Smappee from many other 
smart home meters is the fact that it recognizes appliances 
individually using non intrusive load monitoring (NILM) 
technique, using only 3 clamps at the fuse box (see figure 
2)(Smappee, 2015). The NILM technique determines the 
energy consumption of an individual appliance by 
differentiating appliances based on their electrical signature 
which is generated by turning an appliance on and off 
(Hart, G.W., 1992). Smappee detects appliances’ 
consumption but the user has to figure out which appliance 
it corresponds to and label it in Smappee, otherwise it is 
labeled as a number. To help the users with the labeling of 
appliances Smappee logs the on/off events of each detected  
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Figure 2, Smappee connected to the fuse box with three 
clamps. “Installation” (2016) 

appliance and shows it in an eventlist (see figure 3). The 
data allows the user to get information about each 
appliance’s own consumption as well as how much it costs 
per day, week, month or year.  

 
Figure 3, Event list in Smappee with some appliances 
labeled and others not labeled 

Smappee also comes with so-called “Comfort plugs” 
(called plugs from now on) which are controlled through 
the application (see figure 4). It allows the user to turn the 
plug on or off or set plug activation triggers such as sunset, 
sunrise, when the users are at home etc. The plugs is an 
external system to the feedback in Smappee. 

 
Figure 4, A plug in a wall outlet. 

Previous research 
Many studies have been conducted within the area of smart 
meters and their influence on users. Most of them have 
been focusing on the reduction of energy consumption 
caused by smart meters while others have studied how they 
are used and adopted. However, not many have been made 
on disaggregated feedback, but according to Hargreaves 
(2010) participants want information per appliance. 
Participants in Hargreaves’s study turned each appliance on 
and off to see the total consumption change and made an 
estimation based on that information, and the comparison 
between consumption of different domestic appliances were 
more giving than a total consumption presented in kilowatt 
hours. According to the study made by Fischer (2008), 
disaggregated feedback is the only way of providing a 
direct link between actions and results and brings awareness 
of an individual's actions.  

One result that is quite common is that it is usually the man 
in the household that is in charge of the system that 
provides feedback (Hargreaves, T et al. 2010) (Dam, S et al. 
2012) (Wallenborn, G et al. 2011). 

A major determining factor for whether the feedback will 
be successful or not is the initial motivation of the users. If 
the initial motivation to use the feedback is low, people will 
not use the system and not change their consumption 
behaviour (Wallenborn, G et al. 2011) (Selvefors, A et al. 
2013). Kelsey (2009) concluded that the major motivation 
is finance and that the users that are mostly motivated are 
the users who are in charge of the household’s electric bill.  

Users tend to lose interest in the feedback after a while 
(Hargreaves, T et al. 2010.)(Kelsey, C. et al 
2009)(Hargreaves, T et al. 2013)(Faruqui, A, et al. 2010). 
However, according to Kelsey (2009) that could be avoided 
if the feedback constantly changes in a way that makes the 
experience of receiving the feedback always new. 
Hargreaves (2013) found that the loss of interest occurred 
when the households had learned about their consumption 
patterns and only looked at the feedback on special 
occasions. Participants in the study by Dam (2012) used the 
feedback as a baseline check, usually at bedtime, just to see 
that the consumption was on a normal level. Other studies 
showed that the feedback was used as a reminder and 
motivator, rather that an educational aid (Carroll, J. et al 
2014) (Faruqui, A, et al. 2010). 

Selvefors (2013) categorized the hinders for adoption of 
real-time feedback into three barriers: technology, 
motivational and lifestyle barriers. The motivational barrier 
is mentioned above: if the initial motivation does not exist 
the users will not adopt the feedback. The technology 
barrier means that the feedback is presented in a pedagogic 
way and that the message is clear for the user. The lifestyle 
barrier is about making the feedback into a part of the 
users’ daily routine and lifestyle. According to Kelsey 
(2009) if the users used the feedback frequently, they 
managed to incorporate it into their daily routines and as 



 3 

soon as the users understood the information provided, they 
started to move towards energy savings. To make it easier 
to get the feedback into the user’s daily routine the 
information should be accessible through an already used 
device, such as the smartphone, which is something that 
Wallenborn (2011) also concluded. However, the 
participants in the Selvefors (2013) study were reluctant to 
access the information anyhow. Dam (2012) thought that 
integration into an routinely used device is a good idea 
since the long term use is uncertain.  

Knowledge can be seen as another sort of barrier, a barrier 
that hinders the change of consumption behaviour provided 
by feedback. In the study made by Dam (2012), 
participants, in lack of better knowledge, chose to set a 
timer on their refrigerator to reduce the consumption. This 
shows that even though the motivation for saving exist, it 
can still be hard to make changes towards energy savings.  

Studies made by Allcott (2011) and Dam (2012) showed 
that if household owners were compared to their neighbours 
in similar households, it reduced the energy consumption 
by 2%. However, people that consumed less before the 
comparison tended to consume more when they were 
compared to their neighbours, which is an opposite effect. 
This is because they saw that they were able to consume 
more energy in order to fit with the rest. This is called “the 
boomerang effect”. 

Don Norman (2013) defines in his book “The Design of 
everyday things” the notion “conceptual model” which is 
for understanding how people understand things. Don 
Norman defines it as: “Conceptual model is an explanation, 
usually highly simplified, of how something works. It 
doesn’t have to be complete or even accurate as long as it 
is useful.”. It is the way people think that certain things 
work which will result in the way they use it and have an 
acceptance for it. 

Research purpose 
The effect of real-time feedback is not as simple as cause 
and effect. The aim of this thesis is to explore how 
Smappee users understand and act upon its service in terms 
of what functionality they like, what they do not like, what 
information do they think is suitable/not suitable, when do 
they use Smappee, in what context etc.  

Research Question 
The research question that I have chosen to work with is: 

• How do users understand and act upon 
disaggregated feedback in Smappee? 

Underlying questions: 

• What is users’ first impression of Smappee? 
• In what way do users perceive that disaggregated 

energy feedback affects their energy consumption? 
• How do different users believe Smappee works? 
• How do the users experience Smappee? 

• Does the socio-economic context affect Smappee 
usage? 

Delimitation 
This study only aims to evaluate Smappee and no other 
Smart meter, which means that the target group will be 
Smappee users. This master thesis will not be limited to any 
specific demographic characteristics (except mentioned 
below). 

This study will only evaluate users in Sweden, more 
precisely in Hammarby Sjöstad and in Fårdala, in the 
Stockholm area, since this study is part of an EU project 
called CIVIS that has equipped households in these areas 
with Smappee devices, which CIVIS payed for. According 
to Hargreaves (2010) the result of real-time feedback is 
highly dependent on what social and political context they 
are used in, which means that in order to get an answer to 
the scientific question mentioned above, studying just 
Hammarby Sjöstad and Fårdala will not necessarily be 
generalisable. But due to the accessibility that will be a 
delimitation of this study.  

METHOD 

Participants and procedure 
The participants were arranged into two groups, based on 
where they live. Hammarby Sjöstad’s households were 
appartments while Fårdala’s were houses. That meant that 
the energy consumption of the two groups were different. 
The participants in Fårdala got Smappee 11 months before 
the interview while the participants in Hammarby Sjöstad 
got it 1.5 months before the interviews. The interviews’ 
data was analyzed in order to answer the research questions 
and try to explain users’ conceptual model of how Smappee 
works.  

Interviews  
Interviews were held individually in the participants’ 
households. The aim was to give a deeper understanding of 
how users understand and act upon disaggregated feedback 
in Smappee. The interviews lasted 45 min in average, the 
shortest lasted 30min and the longest were 1h 30min. The 
interviews were divided into two parts. The first part was a 
contextual inquiry where the participants showed how they 
use the system and showed what they had managed during 
their time of using Smappee. The second part was a regular 
interview with a set of questions that were the same for 
every participant. 15 interviews were held in total, 6 in 
Fårdala and 9 in Hammarby Sjösatd.    

RESULTS 
The results are divided into 7 sub headings based on the 
research question and the underlying questions. The result 
section ends with users’ thoughts on possible improvements 
of Smappee. All participants except one had Smappee 
installed on their smart phone. The one that had not 
Smappee installed had recently changed his phone and had 
not yet had time to install it on his new smart phone.   
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First impression 
Most of the participants’ first impression was that it was fun 
to see their consumption right away. They did not have any 
previous knowledge about how much they consumed in 
real-time, only their monthly consumption written on the 
electrical bill. One participant said that his first impression 
was that the start screen, where he can see his real-time 
consumption, gave him an easy and fast overview and it 
looked like Smappee had a lot of possibilities and that it 
was good with the plugs and the disaggregated feedback. 
He said that he thought that everyone should have one. But 
then he got a little bit disappointed when it was hard to 
label the different appliances. He felt that his impression of 
Smappee had changed. Another positive impression of the 
users was that it was accessible through the phone, which 
allowed the participants to see their consumption when they 
were not at home. One of the participants that had a good 
first impression became a little bit frustrated during the first 
days when Smappee had not recognized any appliances. He 
said that he wanted to start right away, but felt that he was 
held back. 

Not everyone had a good first impression. One participant 
said: “Ok, is this really gonna help me?” and another said 
that his first impression was “What should I do with this?”. 
Both of them did not see the use of Smappee in their 
household and the first participant said that it will be hard 
to save energy since there are more people in the home than 
him, and in order to save energy they all have to do changes 
together.  

One participant said that his first impression was: “Cool, 
modern, effective! And then the next day ‘help!’”. He said 
that part of his first impression was help because he did not 
understand how to use Smappee. Another participant said 
that it was confusing and it was hard to understand. Both of 
them had not understood Smappee when the interviews 
were conducted.  

Disaggregated feedback in Smappee 
One thing that almost all participants had in common was 
that they said that labeling appliances in Smappee was too 
hard. 5 participants had not even tried to label an appliance 
and one of them had not even understood that Smappee was 
able to detect individual appliances. 2 of the 15 participants 
had labeled one appliance but said that they made a mistake 
when they did that. The rest of the participants (8 of the 15) 
had tried to label as many appliances as possible but 
stopped when they either made a mistake or because they 
felt that it was too hard or when they did not think it was 
worth it. One participant said: 

“I thought it was easy, many were easy, then it got harder 
and harder and after a while I thought: why am I doing 
this? The information isn’t that interesting”.  

He continued by saying: 

“It is complicated, and it does not give you the reward for 
trying, because sometimes you make mistakes, and then you 
get into a loop: ‘What was I doing?’ and the value of it 
feels limited”. 

One participant had started labeling appliances and then all 
of them disappeared which made him give up. He didn’t 
want to start it all over again. Another participant had seen 
that Smappee had detected appliances and thought that they 
were too many, she said: 

“Ah there are so many appliances, and I don’t understand 
what is what. Then it results in that you stop, because you 
do not have that much time to engage in electricity stuff”  

When she, during the interview, looked at the information 
about some of the detected appliances she could not 
understand how she possibly could determine which 
appliances within the household they correspond to. She 
thought that there were too many which made her think it 
was to big of a job to label them. 

 
Figure 5, Appliances shown in Smappee before labeling. 

She also said that she thought that she was logged into 
someone else's account and that the appliances didn’t 
belong to her since she did not recognize the amount of 
appliances in the list (see figure 5). Two more participants, 
who lived in apartments, thought that the list of appliances 
was too long, which made them question whether they were 
their appliances. One of them explained it as perhaps some 
of the appliances belonged to other apartments within the 
building. He said:  

”You see how many it shows? I do not have that many. So it 
probably shows many others within the building”. 

One thing that most participants had in common was that 
they chose to label the easiest appliance first, which was 
most of the times an appliance that you can turn on and off 
by a switch and that consumed a lot of energy. Generally 
the ones that the participants could turn on and off on their 
own were easier to label compared to the ones that are 
automatically controlled, such as refrigerators or thermostat 
controlled floor heating. The users who were able to label 
the refrigerator either sat next to it and heard when the 
compressor started to work, others had previous knowledge 
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about the effect and the on and off pattern which they 
recognized in their event list (see figure 3). 

Users who had labeled some appliances did that during the 
first couple of weeks. They said that they thought it was fun 
to walk around and hunt appliances in the house. But they 
stopped doing that later on, either because they had labeled 
the ones that were obvious to them, or because they thought 
it was, in general, too hard to continue.  

One of the interviewees that had best succeeded with the 
labeling did not look at the information, about the 
appliances, more than once. He said that he learned roughly 
how much the appliance consumed and how much that cost 
him per month or year. He felt that he acquired the 
knowledge needed in order to get an understanding. He also 
felt that he had hit the ceiling with Smappee’s per appliance 
labeling. He said that Smappee started to show wrong 
appliances in the eventlist which made him unsure whether 
he had labeled things correctly. He concluded that the more 
appliances labeled the more errors will the users 
experience, since the detection algorithm is not perfect, by 
not being perfect he meant that sometimes Smappee mix up 
the electrical signatures.  

 
Figure 6, Disaggregated information about an appliance 

Only one participant had an ambition to label all appliances 
within his apartment. He usually looked at the information 
(figure 6) of when the appliances were on during an average 
day and figured out what appliance it might be. He looked 
at the “appliance DNA” (figure 6) for the ones that he had 
labeled and started to assess whether he thought it was used 
in a reasonable way. During the interview he looked at the 
refrigerator's on and off pattern and thought that it was 
working too much which made him consider buying a new 
refrigerator. He also noticed that the timer-controlled lights 

for his aquarium were turned on for a while during the night 
which he would adjust. 

Understanding of Smappee 
The participant that had not seen that Smappee is able to 
give disaggregated information had not used Smappee that 
much. He thought that we, who conducted the study, were 
interested in the data and that it was measured through the 
plugs that were given alongside of Smappee. He had placed 
one of the plugs where he ironed his clothes and connected 
the iron to the plug whenever he used it and thought that the 
iron’s consumption was measured.  

Two users had a problem to understand the difference 
between the labeled appliances and the plugs. They thought 
that they could control appliances in the household when 
you had labeled them. One participant had labeled a lamp 
on his desk in the bedroom and then connected the plug to 
the lamp and did not understand why he could not control 
the lamp. He assumed that when you have labeled an 
appliance, Smappee will know which appliance it is and 
then you will be able to control it if you have a plug 
between the cable and the outlet even though he had not 
configured the plug. The participant who thought that she 
was logged into another’s account did not want to touch 
anything since she said that she thought she would turn 
something off in the owner of the account’s household. Her 
husband had also misunderstood how the plugs work, he 
thought that when you connect a plug into a socket in a 
two-socket wall outlet you can also control the other socket 
in the pair.  

One participant described that she had a problem sometimes 
with turning the plugs on and off and she described that 
even though she sat very close with her smartphone when 
she pressed “on” nothing happened. She thought that the 
smartphone sends a signal directly to the plugs to turn it on 
or off. The Smappee measuring box is sending a radio 
signal to the plugs when it turns on/off, which is 
independent of where the smartphone is located. Another 
user said that he thought that the plugs was controlled by 
the wifi. Another participant did not want to use the plugs 
in his apartment since he was afraid of how the radio signal 
sent from the Smappee measuring box could affect his 
health and since he lived in a small apartment he thought 
that the signal would be of high density.   

10 of the 15 participants had an idea of how Smappee 
detects appliances. Some did not want to tell their view 
right away since they were unsure, others had thought of it 
during their time of using Smappee. The general perception 
was that Smappee measures the electricity used and that it 
detects the increase and decrease and if Smappee, after a 
while, measures the same type of increases and decreases it 
assumes that it is an appliance. However most of the 
participants could not understand how Smappee could 
differentiate between two appliances with the same power. 
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One participant that had a clear perception of how it work 
described it as: 

“each appliance when switching on, it creates a particular 
sinusoid, the way the certain transformator draws from the 
electricity can be detected.. Each appliance has a certain 
waveform of how you transform the power when you switch 
it on, and that is how Smappee potentially over time sees an 
occurring pattern and calls it a certain label so if that type 
of waveform appears over and over it will make it an 
appliance and decide that it should be an appliance.[...] 
The problem is when you might have very similar 
waveforms then Smappee has a hard time to differentiate 
what is what, that is what happened when you get the same 
appliance appearing as one that is labeled and one that is 
not”. Other users had no clue of how it worked and did not 
want to explain how they thought it worked, either because 
they felt embarrassed or because they felt uncertain. One of 
them said:”I have no clue of how that gadget [Smappee] 
sees what consumes what and when. It is black magic for 
me. Because it is the incoming current it looks at, I have no 
clue how it works.”. Another participant said “I have no 
clue, it is like all technology, I don’t have any clue, it just 
works.”.  

One thing that is important to understand in order to use 
Smappee properly is that a couple of detected appliances 
within Smappee may belong to the same physical appliance 
within the household. For example, one participant had 
noticed that the different hobs were detected as different 
appliances by Smappee. Another participant described that 
a few detected appliances in Smappee belonged to the 
washing machine, since it has different routines in its 
process of washing. That is why Smappee detects more 
appliances than there are physical appliances within the 
household. However, most of the participants had not 
understood that. One more thing that confused the users is 
that an appliance can be detected as a new appliance if it is 
used in a different way. One of the participants had labeled 
his toaster long before the interview but had recently 
changed the temperature of the toaster which made 
Smappee detect it as an new appliance, he realized that 
during the interview.  

Two participants were wondering how Smappee is 
communicating with the database and whether Smappee has 
a memory installed that is storing the consumption history 
and the data. One of the two was concerned for the health 
of her children if Smappee constantly sends and receives 
data constantly, she was unsure if that could affect them. 
The other participant was curious what would happen with 
his consumption history if Smappee as a company would 
cease to exist, since he thought that they had all his data.   

The way Smappee is used 
Only two of the participants used Smappee on a regular 
basis, the two of them used it many times a day. The others 
had used it many times a week during the first couple of 

weeks but then started to look at Smappee more rarely (cf 
Hargreaves, T et al. 2010.)(cf Kelsey, C. et al 2009)(cf 
Hargreaves, T et al. 2013)(cf Faruqui, A, et al. 2010), some 
said that is because they learned the information they 
needed. The two that use it regularly were both retired. One 
of them described that he looks at Smappee for the same 
reasons he looks at Facebook or when he randomly looks at 
the time table for the public transportations: “It is fun, little 
dynamic information to keep track, ‘Is this real?’ ‘Has 
something happened?’ Normally nothing has happened. 
You look at Facebook and you look at Smappee.”  

Most of the participants used the main screen, where their 
real-time consumption and their always-on consumption 
displays, most frequently. They looked at the real-time 
consumption in order to get an overview if everything looks 
correct according to them. One of the participants noticed 
during the interview that his consumption was low at that 
moment and said: “Now it is fun to see that it is just the 
basic appliances that are on, nothing else.”. One of the 
participants that had got a routine in using Smappee looked 
at the real-time consumption every time he went to bed, to 
know that everything was off. He looked at it during the 
days also, and if the consumption was high he started to 
investigate what it was that consumed. It worked like a 
baseline check for him.  

A few interviewees, that did not use the per appliance 
function in Smappee, made an own estimation about how 
much appliances consumed by looking at the real-time 
consumption’s increase and decrease when they used an 
appliance (cf Hargreaves 2010) (see Figure 7). This gave 
them, according to them, enough knowledge about their 
appliances. They thought it was easier compared to labeling 
the appliances and get the information from that way.  

 
Figure 7, Real-time consumption and a decrease of 865W 
by an unlabeled appliance.  

Some participants looked at their usage history and tried to 
analyze the diagram and tried to evaluate the peaks, why 
they occurred and what they might have done during that 
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time. They said that it worked as a receipt for their 
consumption for them. 

One of the participants used Smappee mostly because he 
thought it was fun to label things. He only used Smappee 
when he did not have anything else to do and he said that he 
sometimes thought that maybe he should start labeling 
some new appliances.  

The plugs that are delivered with Smappee were not used 
that frequently in apartments. A common thought of the 
users who live in apartments is that they are more suited for 
houses with two floors, where you can turn things off at the 
other floor and you will not have to walk a long distance to 
do that. One family, who lived in a house, used the plugs 
frequently due to fire safety. They used it for chargers and 
coffee machines and other appliances they had heard were 
able to suddenly burn. They said: “The safety aspect is 
superior, I love to know when I press at ‘0’, the coffee 
machine will not start to burn”.  

Other users used it to turn of their standby consumption, 
which they became aware of thanks to Smappee. Other 
users used it if they accidently forgot to turn something off 
when they left their homes. One family used it at their son’s 
Xbox and TV because he often forgot to turn it off. 

Behavioural change  
Almost all of the participants said that they could not 
change the way they use most of their appliances since the 
appliances fill a practical use that they can’t be without. 
However, a little bit less than half of the participants had in 
some ways changed their consumption behaviour thanks to 
Smappee. One of them had noticed the difference in 
consumption between boiling water in a kettle compared to 
a saucepan. So now he only uses the kettle for that purpose. 
He had also noticed the difference in consumption between 
the different hobs which made him use the one that best 
suited the size of the saucepan. Before Smappee he chose 
one randomly.  

Another participant had seen that his “Always on” 
consumption increased drastically when he had the floor 
heating in the bathroom on. He was not aware of how much 
it consumed. By acknowledging that, he had started to turn 
it off from time to time. But he admits that he believes that 
it is just a temporary action and that he thinks that he will 
continue as normal later on, because it doesn’t cost him that 
much. 

One of the users that noticed the difference in real-time 
consumption when using a certain appliance had seen that 
the dishwasher is consuming surprisingly much. That 
knowledge had made him more meticulous when using the 
dishwasher that it is full and he does not use it half empty. 
He said: “.. or not to run an empty dishwasher just because 
the dishes smell”. He also said that he became more 
meticulous about turning off the oven as soon as he was 
done with it.  

A common thought by the participants was that Smappee 
worked as a reminder of saving energy by not having 
appliances turned on when participants did not use them.  

Socio-economic context 
One thing that became clear during the interviews was that 
the participants that used Smappee more often than the rest 
did that because they had more spare time. Most of them 
were retired and looked at Smappee often. The participants 
that did not use Smappee that often, or had stopped using 
Smappee, said that it was mostly because they did not have 
time to use it.  

Some participants expressed that it was hard for them to 
reduce their energy consumption because they lived in the 
household with others. Families with children thought it 
was very hard since the children have their consumption 
patterns and do not think it is that important to save some 
energy. For example: they left the TV on when they were 
not watching, they left the lights on on one floor while they 
were on another.  One participant said during the interview 
when his kid were looking for food: “The kids kind of open 
the fridge and look for food whether it is food time or not. 
Daniel! close the freezer, you cost me money now!”. 

The interviews did not show any difference in using 
Smappee based on economical resources. No one used 
Smappee because they had a hard time paying their 
electrical bill and their economic resources had no impact at 
all. There were no difference between the users in 
Hammarby Sjöstad and Fårdala in this aspect as well.  

Some participants said that they would use Smappee more 
often and analyze it more if they would live in a villa. 
When you have a higher consumption they thought that 
they would be more motivated to use Smappee in order to 
lower their consumption because that would have a larger 
impact.  

Improvements 
Around half of the participants thought that the usage 
history (see figure 1) could be designed better. Sometimes it 
does not show labels on the axis and it is hard to evaluate 
the graphs. One participant had seen a similar system to 
Smappee, with disaggregated feedback, where it was 
possible to interact with the graph by clicking on it at a 
certain peak to get information about what appliance it was 
that contributed to that certain consumption.  

Two participants thought that Smappee could make it easier 
to label appliances by giving hints of what type of appliance 
it might correspond to. One participant said that he hoped 
that Smappee stored all the information about the labeled 
appliances and learned from their specific consumption 
pattern in order to be able to give advice in the future.  

One participant said that he would like to see what 
appliances is on at the moment. As it is now Smappee has 
an event list that logs when an appliance is turned on and 
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off. He thought that a list of appliances that are turned on in 
real-time would help him to turn appliances off, if they do 
not have to be on.   

One family said that they would like to get information 
about how much similar households, with the similar family 
structure, consume, a normative feedback on consumption 
(cf Allcott 2011). They said that it would be a “carrot” for 
them to save more. The family, and another participant, also 
said that they would like if Smappee gave the users 
notifications and perhaps had small consumption tasks to 
earn.  

DISCUSSION 
The purpose of the study was to explore how Smappee 
users understand and act upon the service in terms of what 
functionality they like, what they do not like, what 
information does they think is suitable/not suitable, when 
do they use Smappee, in what context etc. The research 
question was: “How do users understand and act upon 
disaggregated feedback in Smappee?”. In a short summary 
of the results users have in general a good understanding of 
how Smappee works but do not use the system or the 
disaggregated feedback that much.  

Previous studies have shown that users tends to lose interest 
in the feedback after a while and the knowledge acquired 
from the interviews, in this study, confirms that. 
Participants described a start-up phase when they received 
Smappee when everything is interesting, new and exciting. 
Their first impression was also very positive. But the start-
up phase only lasted for one or a few weeks. In the end only 
two of the fifteen participants used Smappee regularly. The 
reason participants stopped using Smappee was because 
they did not feel that they had enough time and some of 
them expressed that they learned the information that 
Smappee could give which resulted in they not needing to 
look at the feedback on a regular basis. I interpreted that 
they felt that they had filled the information void that 
Carroll (2014) described. They only needed to look at 
Smappee when they felt that they did not know, roughly, 
how much they consumed in real-time, either because they 
had forgotten or because it was a special occasion. This 
result is similar to what Hargreaves (2013) concluded.   

The most common way participants used Smappee was as a 
reminder and an observer of the household energy 
consumption. They used the total real-time consumption to 
observe whether they had a high or low consumption at the 
moment and that worked as a baseline check for the users, 
just as Dam (2012) concluded in his study. Carroll (2014) 
and Faruqui (2010) both concluded that smart meters work 
as a reminder to their users and this study confirm that. The 
existence of Smappee reminded some users of turning 
appliances off if they were not used and the baseline check 
worked also as a reminder if the users had forgot to turn 
something off.  

Many participants expressed an interest in disaggregated 
feedback but said that it was too hard to label them in order 
to get the right information. However, some participants 
had made an own estimation about how much appliances 
consumed by turning them on and off and saw the changes 
in the real-time consumption which gave them a rough 
estimate. According to Hargreaves (2010) participants want 
disaggregated feedback and in his study the participants 
also turned appliances on and off to make an estimation. 
One of the participants in this study expressed that he did 
not feel that it was worth the effort to label the appliances 
since the information was not seen as useful enough, but for 
those appliances that he had managed to label he only 
looked at how much the certain appliance consumed and 
cost him compared to other appliances. This indicates that, 
even though Smappee is able to give detailed information 
about appliances’ consumption, a rough perception about 
how much appliances consume in comparison with other 
appliances is the information that users want, especially 
since they feel it is too hard to get the disaggregated 
information as it is structured now in Smappee. They used 
Smappee as a Smart meter. If the users would be able to get 
disaggregated feedback without the effort of labeling them 
they might have wanted to acquire more detailed 
information. 

The three barriers (motivational, technical and lifestyle 
barrier) described by Selvefors (2013) have in general been 
confirmed by the interviews. The biggest barrier is the 
technical barrier, since the participants thought it was too 
hard to use the system, especially to label appliances. The 
motivational barrier is not just the initial motivation, the 
motivation to use Smappee before receiving it, it is also a 
motivation to save energy in general. Many participants 
thought that they could not do a significant saving since 
they having an already low consumption and they would be 
able to save more if they would live in a villa and have a 
higher consumption. And the participants who had a 
slightly higher consumption thought that they use the 
appliances they need and some of them had children that 
increased the consumption drastically which they could not 
control on their own. The users which were motivated to 
save some energy did that for a ideological purposes and 
not a financial purpose which is contradictory to Kelsey 
(2009) who concluded that financial motivation was the 
major motivating factor. Most of the participants did not 
encounter the lifestyle barrier, which involves getting a 
daily routine in using the feedback, since they either 
stopped using Smappee because of the motivational or the 
technical barrier. To have the feedback accessible in the 
smartphone was seen, by the users, as a benefit of the 
system, since they could see their consumption wherever 
they were. But it was obvious during the interviews that the 
Smappee application disappeared among the other apps. 
The users who actually used the system somewhat regularly 
had the application icon on their start screen so that they 
saw it more often. Having the feedback in a monitor on the 
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desk instead of in a smartphone could potentially work as a 
better reminder for the users, by seeing it, and would 
potentially make them use it more often. Notifications send 
from Smappee, as two participants suggested, could also 
work as a reminder. The fact that the information was 
accessible in the smartphone did not seem to help the 
participants, which is consistent with the result of 
Selvefors’s (2013) study. 

The socio-economic context, in general, did not have a 
large impact in this study, except that the retired had more 
time to use Smappee which was a significant reason why 
they used Smappee more than the rest. All participants 
thought that they did not pay much for their electrical bill. 
If the study would, however, been made in an area with less 
resources that would perhaps resulted in another usage of 
Smappee since the motivation for using it would be higher 
and according to Kelsey’s (2013) study financial is the 
major motivation for using smart meters.  

It is important that the users have a, somewhat, correct 
conceptual model of how Smappee works, since that affects 
how they use it and how they accept it. The majority of the 
users understood that Smappee is listening to the incoming 
current and that it takes time for it to detect appliances. 
Most of them also thought that Smappee is only 
differentiating appliances on their power. They could not 
understand how two appliances with the same amount of 
wattage could be separated. That Smappee can detect more 
appliances than there are physical appliances was 
something that most of the users had not understood and 
that is probably the reason why some participant thought 
that Smappee had detected their neighbours’ appliances or 
that they were logged into another’s account. Some 
participants that understood how Smappee detects 
appliances had not understood that there can be more 
appliances within Smappee compared to physical 
appliances in the household. The amount of detected 
appliances contributed also to the reluctance to label 
appliances since it was seen as a too big of a job. 

A similar effect to the boomerang effect, which Allcott 
(2011) found in his study, was observed. Almost all 
participants did not know how much they consumed in real-
time and when they saw their consumption, for some, it was 
not perceived as much. As mentioned previously, 
participants thought that they would use Smappee more 
often if they had a higher consumption, and they used living 
in a villa as an example. When the participants saw that 
they did not consume that much they became reluctant to 
save more. This is similar to the boomerang effect in the 
sense that they have a perception of what is high 
consumption and low consumption and when they believe 
that they have a low consumption it has a negative effect on 
them, seen in a saving perspective.  

The plugs caused a lot of confusion considering how few 
that used them. First of all the users found it hard to get to 
the plugs within the Smappee application, since it is an 

external system. Secondly, the plugs, for those who had not 
understood how Smappee detects appliances, made it harder 
for the users to know what Smappee is capable of. There 
were not that many who understood how the plugs worked 
and that it does not help by sitting closer with the 
Smartphone in order to turn plugs on and off.  

With all this in mind it is legitimate to say that Smappee 
seems to be designed for the “Resource Man” (Strenger 
2014). As mentioned in the introduction, providing 
information for the users about their consumption will not 
automatically make them save energy. Disaggregated 
feedback is seen as a good thought by the users but it is 
practically too difficult. The users use Smappee in the way 
that they perceive as manageable and the way they think 
they get a fair exchange of information considering the 
effort they have to put in, that is why the total real-time 
consumption is mostly used since it does not need any 
configuration.  

Method reflections 
This study included 15 interviews. During these interviews 
the users that had not understood how Smappee worked 
were kind of waiting for help, which they got during the 
interviews. The participants might have used Smappee 
more after those instructions and some of them might have 
had more to say after that. A follow-up interview would be 
interesting if I would have more time. That could 
potentially give more data.  

To not include a house with their own electric heating, 
direct heating, electric furnace or heat pump is a 
shortcoming of this study. Heating using household 
electricity, as energy source, drastically increases the 
consumption which might result in more willingness to save 
energy.  

Future work 
This is a study made in two areas of Stockholm with a 
certain socio-economic context and the socio-economic 
context, according to Hargreaves (2010), has a big impact 
of how smart meters are used. Future work can focus on 
areas with less resources to see if the motivation to save 
energy is higher. It is also interesting to study disaggregated 
feedback detected in another way, manually through the 
sockets for example. As mentioned previously the way 
Smappee detects and let the users label appliances has been 
seen as too hard and made the users reluctant to try. If it 
would be easier somehow, either by giving hints of what 
appliance it might be or by using another detection 
algorithm, the users might use the disaggregated feedback 
more.  

CONCLUSION 
The study aimed to answer the following question: 

“How do users understand and act upon disaggregated 
feedback in Smappee?” 
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The conclusion of the study is that disaggregated feedback 
in Smappee is designed for the “Resource Man”. It sounds 
good in theory but its practical use is limited due to 
technical difficulties. Disaggregated feedback in Smappee 
was seen as too hard to use and configure and was used 
only by very few participants and even they thought that the 
disaggregated information was not that useful. However 
some users used Smappee as a smart meter and made their 
own estimations of how much appliances consumed by 
looking at the increase and decrease of the total 
consumption when using a certain appliance. This indicates 
that users are interested in disaggregated feedback but the 
way it is done in Smappee is perceived as too hard. The 
most used information in Smappee was the total real-time 
consumption which was used as a baseline check. 

Users have generally a good understanding of how 
disaggregated feedback in Smappee works, even though 
users do not use it. They understand how Smappee detects 
appliances but have a hard time explaining how Smappee 
can differentiate appliances with the same power and most 
of the users do not understand that many detected 
appliances can belong to one physical appliance.  

This study has provided insights in how users of smart 
meters are using disaggregated feedback and how they 
understand it. The results of this study should help future 
designers of smart meters by better understanding the users 
and their needs and abilities with energy feedback systems.  
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