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ABSTRACT 

Lappeenranta University of Technology 

School of Engineering Science 

Degree Program in Computer Science 

 

Hannes Hietanen 

 

Identifying devices from power usage in an energy monitoring system 

 

Master’s Thesis 

 

33 pages, 11 figures, 6 tables 

 

Examiners: Professor Jari Porras 

        Professor Olaf Drögehorn 

 

Keywords: energy monitoring, energy monitoring system, device identification, power 

characteristics, energy consumption 

 

This thesis studies device identification in an energy monitoring system based on changes in 

power consumption. These changes can be detected when devices in the system change from 

one state to another. The chosen method works well when the power consumptions are 

constant and state changes are clear. Varying consumptions and unclear state changes cause 

problems. The thesis also discussed the presentation of energy consumption information in 

a mobile application designed for energy monitoring. Mockups of the application were 

demonstrated to a small focus group and according to the findings, the design of the 

application should focus especially in the needs of different users and the emphasis of energy 

conservation.  
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Tämä diplomityö tutkii laitteiden tunnistamista energiaseurantajärjestelmässä 

virrankulutuksen muutosten perusteella. Tällaisia muutoksia voidaan havaita, kun laitteet 

järjestelmässä siirtyvät tilasta toiseen. Valittu menetelmä toimii hyvin, kun laitteiden 

virrankulutukset ovat vakaita ja tilamuutokset ovat selkeitä. Vaihtelevat kulutukset ja 

epäselvät tilamuutokset aiheuttavat kuitenkin ongelmia. Työssä pohdittiin myös 

energiankulutusinformaation esitystapoja energiaseurantaan suunnitellussa 

mobiilisovelluksessa. Sovelluksen mockup-malleja esiteltiin pienelle fokusryhmälle, ja 

havaintojen mukaan sovelluksen suunnittelussa tulisi keskittyä erityisesti erilaisten 

käyttäjien tarpeisiin ja energiansäästön painottamiseen.  
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1 INTRODUCTION 

To save energy, it is important to measure it first. Only then we can develop strategies for 

reducing energy usage in specific devices. Sensors can be used to monitor energy 

consumption and building owners can make decisions based on the energy data. While it is 

possible to install sensors to each individual device or component, this can be expensive, 

difficult or even impossible in some buildings. The energy profile of the whole load of all 

devices can be analyzed, but there is a problem of recognizing individual devices from only 

this profile and differentiating different devices from each other. 

Smart meters already exist in many households. They record energy consumption and 

automatically report it back to the supplier or the consumer. Most smart meters record 

consumption hourly or a few times in an hour and don’t give information about appliance 

specific consumption. It has been studied that direct real-time feedback is more effective 

than indirect feedback after consumption, and it is even better if the feedback is appliance 

specific (Carrie Armel et al. 2013). More detailed feedback typically helps in achieving 

better energy savings. The information provided by smart meters is not good enough, so 

there is a need for better real-time feedback on the appliance level. 

1.1 Research questions and objectives 

The goals in this thesis are to study the possibilities for efficient monitoring of energy 

consumption in households and to design an application that shows the user relevant 

information from their consumption data. The following research questions can be 

established:  

RQ1: What are the current possibilities of monitoring energy consumption in households? 

RQ2: What kind of information can be extracted and identified from the total energy load 

of several appliances? 

RQ3: How should the energy consumption information be shown to the user in a mobile 

application? 
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A literature review will be used to study previous research done on the topic and to find 

examples of different approaches for energy monitoring. One energy monitoring method 

will be chosen to be studied further, and a simple monitoring system will be setup for testing 

and experimenting. Finally, ways to present energy consumption information in a clear and 

understandable way will be discussed towards the end of the thesis. 

1.2 Structure 

The structure of the paper is as follows. After the introduction, a literature review is 

performed in the second chapter to understand more about related work on this topic. In the 

third chapter, the findings of the literature review will used to choose a suitable method for 

identifying devices. The testing procedures and findings will be explained in the fourth 

chapter. Fifth chapter is about the design of a mobile application related to energy monitoring 

systems. The most important findings of thesis will be summarized in the sixth and final 

chapter. 
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2 RELATED WORK 

A literature review was conducted to find more information about current research on 

measuring and profiling the energy consumption of individual appliances in residential 

buildings. The goal is to find simpler and cheaper methods that could be technically possible 

to implement for a large amount of home owners today or in the near future. The main 

questions that will be answered in this literature review are: 

• What are the technical possibilities of monitoring appliance energy usage? 

• What are the main challenges or concerns in these energy monitoring systems? 

2.1 Methodology 

This literature review was done in three parts: collection of literature, analysis and reporting 

the findings. Relevant literature was collected systematically using the snowballing method 

according to the guidelines presented by Wohlin (2014). 

2.1.1 Snowballing 

The purpose of the snowballing method is to use the reference list or citations of a paper to 

find more relevant papers. This is often more effective and brings more results than 

traditional methods. In short, the snowballing procedure goes as follows. The first step is to 

identify a tentative start set of papers. This set will be changed further into the final set of 

papers that will be used in the main snowballing procedure. Snowballing can be done either 

backwards or forwards. In backward snowballing, the reference list is used to find new 

papers that fulfil the set criteria. In forward snowballing, new papers are identified based on 

the papers citing the one being examined. In both techniques, the papers should be examined 

as thoroughly as possible, but reading through all of them could be too much work. 

Sometimes it can be enough to exclude a paper simply based on its title, abstract or the most 

relevant parts. The snowballing procedure will go through iterations until no new papers are 

found. (Wohlin 2014) 
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2.1.2 Conducting the literature review 

The start set for this work was found by using the LUT Finna search system, which provides 

access to scientific articles from several databases and publishers. The search queries were 

chosen mostly using keywords from the research questions and the objectives of this study. 

The search queries and their results can be seen below in table 1. 

Table 1. LUT Finna search results with different search queries 

Search query Total results Relevant publications in first 100 results 

application load monitoring 10 372 85 

energy load recognition 109 851 26 

 

The start set consisted of the 4 most relevant papers found in the first search results, as those 

would most likely give the best papers for the rest of the literature review. The papers were 

chosen with the following criteria in both the start set and the snowballing. The papers should 

be in English, relevant to the topic of this literature review, scientific and peer-reviewed, 

available on the internet and published in the last 20 years. The long range for the publication 

year was chosen because the theory behind the topic most likely has not changed much. 

Table 2. Papers used in the start set 

Authors Title Year 

Belley et al. 
Activity recognition in smart homes based on electrical devices 

identification 
2013 

Kamilaris et 

al.  

A literature survey on measuring energy usage for miscellaneous 

electric loads in offices and commercial buildings 
2014 

Ruzzelli et al. 
Real-Time Recognition and Profiling of Appliances through a 

Single Electricity Sensor 
2010 

Wu & 

Srivastava 
Low-cost appliance state sensing for energy disaggregation 2012 
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The backward snowballing technique was used in this literature review. During the 

iterations, the papers in the reference list were examined and basic information, such as title, 

year of publication, authors, and, type of publication, were examined first. A brief look at 

the title or the main parts was enough to exclude many papers quickly. The results of the 

snowballing procedure are found below in table 3, which shows the number of items 

examined, excluded (duplicate or excluded due to other criteria) and included in each 

iteration. The snowballing procedure was finished after the fourth iteration as new papers 

fitting the set criteria were no longer found. A total of 36 good papers were found and are 

listed in table 4. 

Table 3. Results of the snowballing iterations 

 
Start 

set 

Iteration 

1 

Iteration 

2 

Iteration 

3 

Iteration 

4 

Examined - 186 221 372 91 

Duplicates of previously 

included papers 
- 6 20 36 5 

Excluded for other reasons - 169 185 331 86 

Included 4 11 16 5 0 

Total included after iteration 4 15 31 36 36 

 

Table 4. Included papers from each iteration 

Authors Title Year 

Iteration 1 

Farinaccio & 

Zmeureanu 

Using a pattern recognition approach to disaggregate the total 

electricity consumption in a house into the major end-uses 
1999 

Jung & Savvides 
Estimating building consumption breakdowns using ON/OFF 

state sensing and incremental sub-meter deployment 
2010 

Kim et al. 
ViridiScope: design and implementation of a fine grained 

power monitoring system for homes 
2009 
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Marceau & 

Zmeureanu 

Nonintrusive load disaggregation computer program to 

estimate the energy consumption of major end uses in 

residential buildings 

2000 

Marchiori & 

Han 

Using circuit-level power measurements in household energy 

management systems 
2009 

Patel et al. 
At the Flick of a Switch: Detecting and Classifying Unique 

Electrical Events on the Residential Power Line 
2007 

Rahimi et al. Usage monitoring of electrical devices in a smart home 2011 

Rowe et al. 
Contactless sensing of appliance state transitions through 

variations in electromagnetic fields 
2010 

Schoofs et al. 
ANNOT: Automated Electricity Data Annotation Using 

Wireless Sensor Networks 
2010 

Taysi et al. 
TinyEARS: spying on house appliances with audio sensor 

nodes 
2010 

Zoha et al. 
Non-Intrusive Load Monitoring Approaches for 

Disaggregated Energy Sensing: A Survey 
2012 

Iteration 2 

Anderson et al. Event detection for Non Intrusive load monitoring 2012 

Berges et al. 
User-Centered Nonintrusive Electricity Load Monitoring for 

Residential Buildings 
2011 

Carrie Armel et 

al. 

Is disaggregation the holy grail of energy efficiency? The case 

of electricity 
2013 

Cox et al. 
Transient Event Detection for Nonintrusive Load Monitoring 

and Demand-Side Management Using Voltage Distortion 
2006 

Du et al. 
A review of identification and monitoring methods for electric 

loads in commercial and residential buildings 
2010 

Figueiredo et al. 
An Experimental Study on Electrical Signature Identification 

of Non-Intrusive Load Monitoring (NILM) Systems 
2011 

Gupta et al. 
ElectriSense: single-point sensing using EMI for electrical 

event detection and classification in the home 
2010 

Kato et al. 

Appliance Recognition from Electric Current Signals for 

Information-Energy Integrated Network in Home 

Environments 

2009 

Lam & Fung 
A Novel Method to Construct Taxonomy of Electrical 

Appliances Based on Load Signatures 
2007 

Lee et al. 
Appliance Recognition and Unattended Appliance Detection 

for Energy Conservation 
2010 
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Matthews et al. 
Automatically Disaggregating the Total Electrical Load in 

Residential Buildings: a Profile of the Required Solution 
2008 

Saitoh et al. 
Current Sensor Based Home Appliance and State of 

Appliance Recognition 
2010 

Shaw et al. 
Nonintrusive Load Monitoring and Diagnostics in Power 

Systems 
2008 

Srinivasan et al. 
Neural-Network-Based Signature Recognition for Harmonic 

Source Identification 
2006 

Suzuki et al. 
Nonintrusive Appliance Load Monitoring Based on Integer 

Programming 
2008 

Wang & Zheng 
Residential Appliances Identification and Monitoring by a 

Nonintrusive Method 
2012 

Iteration 3 

Berges et al. 
Enhancing Electricity Audits in Residential Buildings with 

Nonintrusive Load Monitoring 
2010 

Cole & Albicki 
Algorithm for nonintrusive identification of residential 

appliances 
1998 

Pihala 
Non-intrusive appliance load monitoring system based on a 

modern kWh-meter 
1998 

Sawyer et al. 
Creating low-cost energy-management systems for homes 

using non-intrusive energy monitoring devices 
2009 

Serra et al. 
Domestic power consumption measurement and automatic 

home appliance detection 
2005 

 

2.1.3 Data analysis 

After the snowballing procedure, the found papers were read and analyzed in more detail. 

Since the main concerns from the literature in this literature review are the methods for data 

acquisition and appliance recognition, those were the main focus in this phase as well. The 

papers that presented a new appliance monitoring method were the most important ones. 

Finally, similar papers were grouped together for the next chapters, where the finding are 

reported. 
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2.2 Traditional methods 

Most traditional methods for energy monitoring use plug-load or whole-house meters. 

According to Berges et al. (2010), they are not suitable for both measuring individual 

appliances and tracking changes in consumption over time. Whole-house meters are installed 

on the utility meter or breaker panel, typically to measure the current of the main electric 

feed line and sometimes voltage as well. Whole-house meters do not show the consumption 

of individual appliances and the users need to find out on their own which appliance caused 

the change in consumption. This type of energy feedback is not as useful as it could be. In 

addition, an electrician is often needed for the install process. A single appliance can be 

plugged into a plug-load meter, which usually gives power readings immediately. However, 

measuring changes over a long period of time can be difficult and time-consuming. (Berges 

et al. 2010)  

2.3 Non-intrusive load monitoring 

In non-intrusive load monitoring (NILM) techniques, the whole load is monitored at a single 

point at short intervals and the end-use consumption of individual loads is estimated using 

pattern recognition algorithms (Pihala 1998). Appliance energy signatures, which represent 

the step changes in the measured power of an appliance, its operating state or other 

characteristics, can be analyzed with these techniques (Farinaccio & Zmeureanu 1999). 

Many different NILM techniques have been researched and developed in the past few 

decades. This chapter discusses some key differences and findings from various papers to 

find out the possibilities for appliance load monitoring. 

The steady-state power signatures are commonly used for tracking on/off states of 

appliances. Farinaccio and Zmeureanu (1999) use a pattern recognition approach to identify 

the shape of electric current variation. Analyzing only real power consumption works for 

appliances that have a distinctive power signature and only on/off operation states. Marchiori 

and Han (2009) use circuit-level energy measurements. The lower number of devices on 

each circuit makes the analysis easier.  
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Many characteristics of the current and voltage waveforms can be used for more detailed 

analysis. In addition to real power, the RECAP system introduced by Ruzzelli et al. (2010) 

uses the power factor, which is calculated using active and reactive powers, to differentiate 

appliances with similar signatures. The system also collects other characteristics, such as 

peak current and voltage. The method by Kato et al. (2009) is based on the electric current 

and uses average and peak values and time related features, such as delays and phase shifting 

times. Lam and Fung (2007) studied voltage-current (V-I) trajectory as a way to classify the 

electric loads. They found out that with this approach, appliances of similar types have 

similar operating characteristics, which makes grouping appliances into categories much 

easier. 

Shaw et al. (2008) show that the transient behavior of electric loads can also be examined. 

This requires higher sampling frequencies, but can sometimes provide more distinct 

signatures and better results in identifying appliances than the steady-state methods that 

commonly rely only on the step changes in power (Figueiredo et al. 2011). 

2.4 Other methods 

TinyEARS system by Taysi et al. (2010) utilizes audio sensors. It detects the operational 

state of an appliance based on its acoustic signature with surprisingly good accuracy, based 

on the reported test results. Similarly, Patel et al. (2007) were able to capture electrical noise 

created by switching operating modes in appliances and use machine learning techniques to 

recognize the device. Similar appliances, the interference of unrelated noises and two 

devices being toggled at the same time are the weaknesses of systems based on audio sensors. 

ViridiScope, presented by Kim et al. (2009), captures ambient signals. In addition to 

detecting noise from appliances, the system also uses magnetic sensors to detect magnetic 

field changes and light sensors to detect the internal state of an appliance. The combination 

of these different sensors has a better chance of recognizing an appliance in situations where 

sensors of a single type could have difficulties. However, in many of these cases, the 

installation of at least one sensor in each room is required. In that aspect, methods that require 

only one measuring point in the building are less intrusive. 
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2.5 Outcomes from literature review 

In many cases, the traditional ways to measure energy consumption are no longer good 

enough. A meter installed in the main electric feed does not give appliance specific 

information on its own. Installing a meter on each appliance is also not a viable solution, 

because it takes a lot of work and can be expensive. 

NILM techniques try to solve the problem with solutions that should be easier and more 

affordable for consumers. These techniques are used to recognize and classify appliances 

based on their unique characteristics found in the energy signatures. Most of the NILM 

techniques use the steady-state or transient characteristics of the electric loads. The strength 

of NILM is its non-intrusiveness: appliance specific consumption information can be 

produced with a single sensor in the house. NILM techniques are not always 100% accurate, 

because the energy signatures of some devices can be very similar. The main technical 

challenges are separating the signatures of multiple appliances running at the same time and 

handling appliances with multiple states or no fixed number of states. 

The other methods found during this literature review are still at a very early experimental 

stage and need more studying to become viable. Many of them are very prone to errors due 

to interference from the environment. For example, audio sensors listening for the sound of 

power switches would not work in a noisy room. In most papers, the test environments were 

most likely ideal, noiseless and not representative of actual real-life situations. 
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3 IDENTIFYING DEVICES FROM CHANGES IN POWER 

For the purposes of this paper, a simple but effective method for identifying devices is 

needed. Based on the findings from the literature review, the NILM techniques are the most 

suitable. More specifically, steady-state signatures will be used by calculating the difference 

of powers between the operating states. The main reason is that analyzing transient 

signatures is more difficult and requires much higher sampling rate and processing power 

than steady-state signatures. 

When a device changes its operating state, the total power consumption in the system 

changes as well. This event can be used to identify which device just changed its state. As 

an example, when lights are turned off in a room, the monitoring system can see that the 

decrease in total power is equal to the power of the lights in their on-state. Similar events are 

depicted in figure 1.  This method should work at least for devices that consume a steady 

amount of power in each state. It may not be possible to use this method for devices that 

have states where a single value cannot be determined for its power consumption. Some 

devices of this type will be tested anyway during the testing phase. 

 

Figure 1. Examples of how power levels change when devices are turned on and off 

power 

time 
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This approach assumes that the power consumptions are known beforehand for all states of 

each appliance. One way to achieve this is simply to manually turn each appliance on and 

off and save each signature to the system. Each state needs to be tested this way for devices 

that have more than one state. In this paper this process is very simple as we are only 

interested in the active power of each device. 
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4 TESTING 

The aim in this chapter is to find out how well the method explained in the previous chapter 

works for different devices. This means adding devices into the monitoring system one by 

one and seeing if the new devices can be identified based on only the changes in power 

consumption. Different combinations of the devices need to be tested as well to see which 

types and number of devices can be problematic. 

4.1 Testing equipment 

The system used for testing is an electrical cabinet plugged into a three-phase power supply. 

This system can be seen below in figure 2. The system includes a B+G e-tech & EASTRON 

SDM630Mbus smart meter which shows different measurements, such as active power in 

each phase, which is what will be used in this case. The smart meter has a sampling rate of 

1 Hz, which is enough for the purposes of this paper. 

 

Figure 2. The electrical cabinet used for testing 
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Power levels will be monitored for five different devices: a desktop computer, a laptop 

computer, a monitor, a table fan and a charging mobile phone. These devices have different 

amounts of operating states and can be categorized as proposed by Hart (1992): 

• Single-state: Simple devices that can only be switched on or off. 

• Multi-state: Multiple but a finite number of states. 

• Continuously varying: These devices have an infinite number of states because the 

consumption varies continuously, and step changes are not clear. 

The mobile phone has a single state while it is being charged. The monitor also has only a 

single state. The table fan has three speed settings and therefore, three different operating 

states. The computers are continuously varying, because the consumption changes all the 

time based on the current system load and other variables. 

4.2 Test cases 

Individual devices were tested first by monitoring the consumption for a few minutes. The 

results are below in table 5. It can be seen that the consumptions of devices from different 

categories have distinctive differences. As expected, the consumptions of the single-state 

devices stay the same while they are turned on, the multi-state table fan has a stable 

consumption for each state and the computers have greatly varying consumptions even when 

they are not in use. 

Table 5. Power consumption for individual devices in watts (W) 

Device Consumption (W) 

Monitor 16 

Phone 8 

Table fan 27 / 29 / 34 

Laptop computer 25 – 36 

Desktop computer 30 - 57 
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Different combinations were tested next. The results are in table 6. The combined 

consumptions are quite logically sums of the consumptions of the individual devices.  

Table 6. Power consumption for the test cases 

Devices Consumption (W) 

Fan (lowest speed setting) + monitor 43 

Two fans 54 

Monitor + phone 24 

Monitor + phone + fan 51 

Monitor + phone + two fans 78 

Monitor + two fans 70 

Laptop + fan 51 – 59 

Desktop computer + fan 69 – 92 

Laptop + monitor 42 – 46 

Laptop + desktop computer 55 – 88 

Laptop + desktop computer + monitor 69 – 92 

Laptop + desktop computer + monitor + fan 96 – 126 

Laptop + desktop computer + monitor + fan + phone 100 – 134 

 

4.3 Findings 

Based on the test measurements, it is possible to identify at least some devices from the 

changes in power draw in the system. The results are promising for single- and multi-state 

devices which have very little variation in power. For example, if the consumption in the 

system is 24 W, we can deduce with a fairly good certainty that a monitor (16 W) and a 

phone (8 W) are plugged into the system since we know the consumptions of these devices. 

This scenario is shown in figure 3. Increasing the number of devices running in the system 

does not seem to cause problems in the test cases. 



 

21 

 

 

Figure 3. A scenario where a monitor and a smartphone are turned on and off.  

(1) Phone is plugged into the system. (2) Monitor is turned on.  

(3) Phone is unplugged. (4) Monitor is turned off. 

However, by adding devices with continuously varying consumptions into the system, 

identifying the devices becomes much harder. Step changes in power can no longer be relied 

on because the consumption in the system changes constantly. This problem can be seen in 

figure 4. As can be expected, more devices of this type cause a larger variation in the total 

power consumption, which makes device identification even harder. Using an average value 

could work in some cases, but it might not be very reliable. It would be necessary to use 

more advanced techniques to examine other characteristics, such as peak values or amounts 

of variation in power consumptions, which would require more complex calculations and a 

system with a higher measuring rate.  

power (W) 

time 

8 

16 

24 

(1) 

(2) (3) 

(4) 
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Figure 4. An example of a device with a continuously varying power draw 

There are also other scenarios which could cause problems. As can be seen in figure 5, if 

two or more devices have very similar signatures, such as nearly identical power 

consumptions, they can be very hard or even impossible to distinguish from each other. Also, 

if two or more devices change state at the same time, only one large state change might be 

detected and it would seem like only one device changed its state. An example of this 

scenario is shown in figure 6. Another problem is that it can be hard to say if a change in the 

total power consumption in the system is an actual state change or just normal variation in 

power for some device. 

Some of these problems could be avoided by monitoring the phases separately instead of 

monitoring all of them at once and by dividing the devices into the phases in the system in 

ways that make the detection easier. For example, the situation from figure 5 could be 

avoided by having the similar devices in different phases, or all devices with a continuously 

varying consumption could be in their own phase and ignored since they cannot be 

monitored reliably anyway with this method. 

power 

time 
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Figure 5. A scenario where two devices have identical power draws 

 

Figure 6. A scenario where two devices are turned on at the same time 

  

power 

time 

power 

time 
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5 APPLICATION DESIGN 

This chapter is about the design process for a mobile application that works together with a 

non-intrusive monitoring system. The application would be used with a smart phone, but the 

same kind of solution could also work on a small display mounted on a wall, similar to some 

modern smart meters. The purpose of this application is to provide the users a way to monitor 

the energy consumption of their home and show them information about the usage of 

individual appliances. The described application will not be implemented in this thesis and 

the focus will be mainly on the design of the user interface, what information needs to be 

shown to the user and how it should be presented. Some basic front-end functionalities will 

be explained briefly, and the user interface will be demonstrated with mockups. Finally, the 

mockups will go through a small focus group phase where they will be improved based on 

the feedback and findings. 

5.1 First version 

In the application, the users should be able to see at least all currently running devices and 

the consumption history of their home and individual devices. The first version focuses on 

these main features and more will be added later based on the feedback in the improved 

version. Simple, non-functional mockups were drawn to demonstrate the three main views 

in the first version of the application. 

The first mockup in figure 7 shows a graph of the total energy consumption of the user’s 

home during the past year. This way the user can see how the consumption changes in 

different times of the year. Numerical values of the energy consumption in kilowatt hours 

(kWh) and the cost in euros are shown for the current year, current month and previous 

month. 
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Figure 7. Mockup of the total consumption graph 

The mockup in figure 8 is very similar. It shows the same graph, but for an individual device. 

In this view, the user can study the energy consumption histories of all devices in the system. 

Same numerical information is shown on the right, with the addition of the time that the 

device has been running and consuming electricity during that period of time. 

 

Figure 8. Mockup of a device-specific consumption graph 
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The final mockup in figure 9 is a list of all the currently running devices in the user’s home. 

Each device’s power draw at the moment is shown, as well as the time it has been running 

continuously. This can be useful when the user forgets to turn off some devices or wants to 

see the devices with the highest power consumptions. 

 

Figure 9. Mockup of the list of all currently running devices 

5.2 Focus group and feedback 

The first versions of the mockups were shown and explained to a small focus group of 4 

persons to gather feedback and improvement suggestions. The intention was both to hear 

comments about the first mockups and to come up with new ideas about features that should 

exist in the final application. The group was asked what kind of information they wanted to 

see about their energy consumption and the usage of different devices and then started a 

discussion about their opinions and views. 

Two of the participants were paying for electricity based on their own consumption and two 

were not. This means that some of the participants would have different motivations for 

using the application. The first version was designed with the assumption that monetary 

savings would be among the most important motivations for saving energy, but this is not 
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necessarily true for many people whose electricity bills are not affected by their 

consumption.  

Gamification was discussed briefly. It could be a good way to motivate users to save energy 

or at least get into the habit of monitoring their consumption regularly. Points, leaderboards, 

badges and achievements could be the most useful ways to use gamification in this type of 

application.  

Some people wanted other ways to represent the information and more meaningful numbers. 

Kilowatt hours might be a good way to compare different months or years, for example, but 

users might not be able to understand these values in practice. One suggestion was to define 

low, medium and high values so that users could see how they rank against average 

households. Users could also be given an option replace the consumption graph with 

something else if they want another way to see the data. One person wanted hourly and daily 

information as well in addition to the graph of the full year. Another participant suggested 

comparing the current year to the previous ones to properly see the changes in the 

consumption during same time in previous years. The data from the previous years could 

also be used to make predictions about the near future. 

Other suggestions include monitoring water usage with the same application, notifications 

for different things related to energy consumption or running devices and remotely switching 

devices off when not at home. Some of the suggestions are out of the scope of the application 

at this stage, but more improvements could be considered later if the application would be 

developed further.  

5.3 Improved version 

The feedback from the focus group will be taken into account for the improved version of 

the mockups. A few new features will be demonstrated with new mockups, while some will 

only be described in the text. The main issue in the first version seems to be that some people 

are not satisfied with the single way the information is presented to them. There should also 

be more emphasis on encouraging users to save energy. The application was originally 
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intended to be simply a way to monitor energy consumption of the user’s home, but some 

energy savings could most likely be achieved with a few small changes, such as simple 

gamification elements. 

The first change is to give users more choices to view the information in the application. The 

graphs can be changed to a table showing the consumption for each month in numerical 

values or a column which compares the user’s consumption to predetermined values for low, 

medium and high consumption. The latter option is shown in figure 10. Hourly and daily 

data can also be viewed in the improved version, as well as comparisons of different days, 

months and years. 

 

Figure 10. Alternative mockup that shows whether the user’s consumption is considered 

low, medium or high 

Another big change is the usage of gamification elements to further motivate users to use 

the application and change their behavior to a more sustainable direction. Points, 

leaderboards and badges will be used in this application. Points are awarded for saving 

energy during peak hours or days when the highest levels of energy consumption usually 

occur. These times are normally early evening hours and the coldest winter days. For 

example, users gain points by turning devices off during the peak times or doing laundry at 

a different time. Figure 11 shows a mockup of the leaderboards where the users with the 
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most points are listed. The leaderboards can be filtered to show users from the same building, 

street or city. Badges are also awarded for reaching point thresholds or using the application 

for certain amounts of time. 

 

Figure 11. Mockup of the point leaderboards 
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6 CONCLUSIONS 

This thesis looked into different non-intrusive ways for identifying devices for energy 

monitoring purposes. Measuring the differences in power from state changes was chosen as 

the method to be studied further. The theory was tested by monitoring power levels of 

devices plugged into an electrical cabinet with a smart meter. The results showed that this 

method is simple but effective in cases where the power draws of the devices remain constant 

in all their states. However, very similar power draws and continuously varying consumption 

or otherwise unclear state changes make it impossible to identify devices or states from each 

other with this method. It would need to be complemented with something else to make it 

viable for using in real life energy monitoring systems. For example, measuring peak values, 

durations of state changes or amounts of variations in power could be studied. This would 

require more complicated calculations and more sophisticated equipment but identifying a 

much wider range of devices would most likely be possible. 

It is not very realistic to imagine an energy monitoring scenario where all the devices are 

either single- or multi-state devices, since many common household appliances have 

continuously varying consumptions. There are still some purposes that this method could be 

used for in its current state. Devices with the highest energy consumptions can be found by 

monitoring the power levels of the devices in the system. This could be useful for people 

who want to find these devices and replace them with less consuming ones. Defective 

devices with unusual behavior could be detected as well. For example, something that draws 

a large amount of power when it is turned off but still plugged in, would be noticed from the 

power readings. 

Designing a mobile application for an energy monitoring system was also discussed. The 

design focused on the type of information shown to the users and its presentation. The most 

important finding was that there is not a single way to visualize the data that would be perfect 

for every user, because people value and are motivated by many different things. This thesis 

settled on giving users options that should satisfy most people. 
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