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Summary 
This research investigates the opportunities for demand side management in a novel manner. 
The main objective is to investigate the relation between household practices and electric load. 
First, household characteristics are related to both the electric load profiles and the household 
practice elements. Subsequently the opportunity for changing practices in order to adapt the 
electric (peak) load can be described. This approach is chosen, as it is expected that finding a 
direct relation between household practices and electric load profiles is too difficult.  

Before coupling household electric load profiles to household characteristics, first it is 
aimed to filter PV production from the households’ electric load profile. This research uses the 
data of the energy pilot “Samen Slim met Energie” (Together smart with energy). In this pilot 
there are 100 participants, of which 96 are households. In this pilot the final electricity 
consumption of production is measured by a smart electricity meter. It is found that 74 out of 96 
households have installed solar PV capacity. To decrease the effect of solar PV on the electric 
load profile, a PV filter is designed. This filter uses the irradiation and time of day to determine 
what the PV production has been. It was chosen to calculate the filter on the months April to 
June 2015, because of availability of the data and more abundant solar irradiation. The filter did 
succeed to determine PV production on sunny, or fully clouded days. However, on days with 
intermittent solar irradiation the filter was not able to accurately determine PV production. It is 
expected that the irradiation data is not accurate enough to determine the PV production on 15 
minute basis because the irradiation is measured on a 20-30km distance from the households. 
Furthermore, the households are scattered over a large area.  

The calculated net electricity consumption is used to divide the households into clusters 
(groups) with different (peak) electricity consumptions. Because of the inaccuracy in the 
calculated consumption, the original total load is also used to determine a clustering division. A 
K-means clustering algorithm is used to assign the households to different groups on the basis 
of their normalized average daily electric load profile. Normalizing the electric load was chosen 
to be able to compare the households on the timing of their load instead of the magnitude of the 
load. A difficulty with K-means clustering is that it is not possible to determine the optimal 
number of clusters. Furthermore, determining the ‘best’ cluster division is difficult as well. It is 
chosen to determine the sum of squared errors to help determine the optimal number of clusters 
and the ‘best’ cluster division. This resulted in six and four clusters for respectively the 
calculated net electric consumption and the full load profiles. This clustering iteration is run 
again to determine the cluster division based on only the households which responded to the 
household characteristics questionnaire. This re-run clustering resulted in four clusters for both 
the calculated consumption and the total load.  

The final step for this first section of the research is to relate the clusters to the 
household characteristics. This relation is determined with a logistic regression, for both 
clustering outcomes. The relations that were found were mostly between PV and the cluster, 
however also the number of children and number of adults was found to be an important 
relation. Finally the research indicates that there is also a relation with occupation and 
education. This relation did however not become significant and can thus not be supported by 
this research. One finding was that house owners with children are less likely to have installed 
PV panels. The relation with number of children is thus not really of influence, but is an 
intervening variable for installing PV panels. This is concluded, as the number of children was 
further not a relation between the different electric load profile groups. It was found that 
households with more adults have a broader evening peak. This relation might be a result of a 
larger timeslot where an occupant is home and thus consuming electricity.  
 
The second section inquires the actions of dishwashing and washing according to a social 
practice framework. First, the social practice framework of Shove and Pantzer (2005) is 
modified. This research aims to include a notion of time into the practice framework. Therefore, 
framing the actions of dishwashing and washing is done in four phases; preparation, filling the 
machine, start appliance and finishing up. Five interviews were conducted for this research. 
These interviews are the basis of the dishwashing and washing practices. The interview 
responses are coded in order to describe their practices.  
 The limitations and possible interventions are analyzed after the practices were 
constructed. The aim is to determine at what moment of the practice it is most optimal to 
intervene, in order to shift the electric load to a different moment in time. It is found that for 
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dishwashing the best option is to shift the entire action in time. For washing it is found that it 
should be possible to delay the washing cycle one, or a few days until a more appropriate 
moment.  
 Important for the dishwashing practice is that the dishwasher functions as a cleanup 
box for the greater part of the day. The practitioners (occupants) take the dirty dishes and put 
them in the dishwasher. The result is that the dishwasher fills up at the end of the day and is 
thus often turned on during or shortly after the evening peak. For smaller households the 
dishwasher is not run on a daily basis, but still often fills up after dinner. The intervention should 
therefore aim to shift the entire process one or two meals in time. If the household starts filling 
the dishwasher after lunch or after dinner, the dishwasher will more often fill up during the day. 
Therefore the dishwasher can be run in the afternoon, before the evening peak. For the case 
which is studied this is also the moment when a lot of solar electricity is produced. 
 For the practice of washing there is more flexibility then for the practice of dishwashing. 
The practitioner is able to use the laundry basket as a buffer for dirty clothes and simultaneously 
cram the laundry in the washing machine, generating additional space and thus more flexibility 
in time. It is possible to delay washing at the moment the practitioner decides to start filling the 
machine. It is important that new moments are proposed, as the timing of washing is more 
difficult than it is for dishwashing. The clean laundry may not remain in the machine too long, 
after the washing cycle is finished. Therefore the practitioner often considers a moment 
appropriate for turning on the washing machine only if someone is able to remove the laundry 
from the machine afterwards.  
 
Concluding, the results of this research indicate that indeed dishwashing and washing practices 
can be influenced in order to alter the electric loads of households. However, the relations could 
only be proven to a limited extent. Furthermore future developments are highly important in 
order to successfully alter the household electric load profile. Therefore this research concludes 
that for decreasing the household electric peak load there are opportunities for influencing 
household practices. As consumers have to be acceptable towards DSM programs there are 
plenty reasons to include the consumers in the DSM program.  
 It is however important to note that consumers expect something in return for their 
efforts to change their normal way of organizing actions. Therefore this research advocates a 
DSM intervention, which does not solely rely on the contribution of consumers, but is by itself 
able to alter the electric (peak) load. 
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1 Introduction 

Sustainability issues are everyday’s business. Large cities have to cope with smog while islands 
are experiencing rising tides. Deserts are drying up and expanding while the polar ice is heating 
up and shrinking. Floods, tornados and forest fires, more and more often extreme weather is 
thought to be caused by the greenhouse effect.  
 Recently, the leaders of all the countries in the world agreed upon a new convention to 
limit the exhaust of greenhouse gasses. This is a big step forward, after the Kyoto Protocol of 
1997 (United Nations Framework convention on climate change, 2015). The crux of limiting the 
exhaust of greenhouse gasses is illustrated with trias energetica. According to trias energetica, 
the steps to decrease the exhaust of greenhouse gasses are; use less energy, if you use energy 
use sustainable energy and finally if you need to use fossil fuels, do it as efficiently as possible 
(Aerts, 2001). Changing the way we use energy also rises new challenges. The increasing 
implementation rate of sustainable electricity production is for example starting to challenge the 
capacities of the European electricity system (Lund, Andersen, Ästergaard, Mathiesen, & 
Connolly, 2012).  

Trias energetica shows also that changes have to be tackled both on the consumer and 
producer side of the energy system. Consumers have to use less energy, producers have to 
produce sustainable energy and Consumers have to use fossil energy in an efficient manner. 
Important to consider is that consumers normally do not aim to use energy. Energy is merely 
being consumed in the process of achieving goals (Warde, 2005). The consumer needs to get 
to work and thus drives or commutes with public transport, using (fossil) energy in the process. 
Consumers need to feed themselves and therefore use (fossil) energy to heat up their food.  
 
The developments concerning sustainability and more specifically sustainable energy have 
been described as the sustainable energy transition. This sustainable energy transition is 
nourished by political efforts, such as recent efforts in Paris, or expressed in the Kyoto Protocol 
(Verbong & Geels, 2007; Raven, 2007; Solomon & Krishna, 2011). The transition has its roots 
in the 1960s and 1970s (Verbong & Geels, 2010). The actors of the transition aim, among 
others, to decrease the consumption of (fossil) energy, which in turn decreases the exhaust of 
greenhouse gasses such as carbon dioxide, methane and nitrous oxide (Le Treut, et al., 2007). 

Solar PV and wind energy are such sustainable solutions, which help to decrease the 
use of fossil fuels in the electricity system. The share of renewable electricity in the European 
Union (EU) has been, and still is increasing (Figure 1.1) towards the 2020 goal of 20% 
renewable energy share on the gross final energy consumption of the European union (Figure 
1.2).  

Electricity is an unique consumer product as it is the only product which needs to be 
consumed at the exact time of production (Tennet, 2015). Whenever the imbalance between 
demand and supply grows too large the system will shut down to protect components against 
damage. The increasing share of solar PV and wind electricity introduces new challenges for 
the electricity system. Balancing the demand and supply and planning the electric power for 
conventional plants is become increasingly difficult. Where conventional electricity generation 
can be planned, the output power of solar and wind can only be predicted. The availability of 

Figure 1.1: Electricity generated from renewable energy sources, 2003-2013 (Eurostat, 2015a). 
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solar irradiance and wind determines the amount of electric power which is generated. 
Therefore planning the conventional electricity production units, such as coal and gas fired 
plants becomes more difficult; the system needs to take the error for predicted solar and wind 
electricity into account. Furthermore, both solar irradiance and wind are (locally) imminent to 
large fluctuations, while conventional generation is often characterized by a rather constant 
power output (Verbong, Beemsterboer, & Sengers, 2013). This is illustrated in Figure 1.3, where 
the shares of different electricity sources for the German electricity system are shown. 
Conventional generation is displayed in the bottom, and solar and wind generation are the two 
top layers. To tackle these challenges, adaptions need to be made in order for the system to 
remain reliable and efficient (Lund, et al., 2012). 

One proposed adaption is the implementation of large scale (electric) energy storage. 
Energy storage can prove a solution for the system challenges such as the increased unbalance 
due to solar and wind electricity (Kempton & Tomiä, 2005) and planning of conventional 
electricity generation units. Storage systems can store electricity at times of access production 
capacity and provide electric power at times of production shortages. However currently 
available storage systems do not match the desired requirements such as maturity, lifetime, 
costs and energy density (Chen, et al., 2009).  

An alternative proposed adaption is to manage the demand side. While the supply side 
becomes harder to manage, increasing electrification introduces new opportunities for 
managing the demand side. For example washing machines, dishwashing machines, air 
conditioners, electric vehicles and heat pumps are appliances which are thought to be 
manageable (Kobus, Klaassen, Mugge, & Schoormans, 2015). The idea is that demand side 
management (DSM), managing the electricity demand of electricity consumers, can aid in 
preserving the balance in the electricity grid. DSM is proposed as an (intermediary) solution for 
grid balancing (Paatero & Lund, 2006; Newsham, Birt, & Rowlands, 2011; Sharma & Sing, 
2014). DSM measures aim to shift electricity demand to better match the generation and are 

Figure 1.3: Electricity production in Germany week 37 2015 (Fraunhofer ISE, 2015). 

Figure 1.2: Renewable energy of gross final energy consumption, 2013 and 2020 goal (%) (Eurostat, 2015). 

 * Bar visualizes current share of renewables per country, line visualizes the country goal for share of renewables 
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often proposed as a way to prevent huge investments in the electric facilities. Research towards 
DSM often devotes to technological application or social adaption. In technological application 
a solution which does not involve the consumer is implemented. The technological application 
can be to control domestic appliances, such as refrigerators, for example let them turn on 
dynamically without influencing the performance of the appliance (Strbac, 2008). Social 
adaption is any intervention which aims to influence the consumer in the way of using an 
appliance. An example of a social adaption is a home energy management system which 
motivates consumers to use the washing machine at a proposed moment, instead of letting the 
consumer decide when to start the machine (Kobus, Klaassen, Mugge, & Schoormans, 2015). 
Very often the actions of the consumers are studied in order to implement an intervention and 
change the way the appliance is being used. The difference between technological application 
and social adaption is thus that in the first the consumer is uninvolved in the interference, where 
the latter requires active involvement of the consumer. 

 
DSM is currently experimented with in different ‘smart grid’ pilots to determine its effects and 
potential (Qiang, et al., 2011). A smart grid is a (local) electricity grid equipped with a 
communication network. This communication network enables information to be exchanged 
between multiple actors of for example the demand and supply side (Qiang, et al., 2011). Smart 
grid pilots involve both technological application and social adaption DSM measures. Especially 
the social adaption DSM programs require experimenting with, as it is difficult to predict how 
consumers will respond to the intervention measures. Research often aims to quantify effects 
of the implemented DSM measures (Klaassen, Frunt, & Slootweg, 2014). Kobus, Klaassen, 
Mugge, & Schoormans (2015) for example looked into DSM of consumer washing machines. 
They showed that it is possible to partly shift the usage of washing machines from on peak to 
off peak moments.  
 This research too studies a smart grid pilot. More specific the cooperative smart grid 
pilot “Samen Slim met Energie” (Together smart with energy). This pilot is a cooperation 
between a locale energy cooperative and a distribution system operator (DSO). In the pilot the 
participants are motivated to consume electricity at moments of low electric load. This 
information is provided to the participants via an online energy portal. The Samen Slim met 
Energie (SSmE) pilot relies solely on social adaption, as no intervening technology has been 
implemented.  
 The SSmE pilot is studied in order to determine the potential of social adaption DSM 
programs. In order to successfully influence consumers, these consumers have to accept 
constraints to their actions related to electricity consumption. As was introduced before, 
consumers do not aim to use energy or in this case electricity. Electricity is being consumed in 
the process of watching television, cooking dinner or lighting up the house. For some of these 
actions, consumers are simply not willing to change their way of doing. It is for example very 
unlikely that a consumer is willing to postpone watching television in order to decrease the peak 
electricity load.  

In this research an action and all elements concerning this action is referred to as a 
practice. A practice is a routinized type of behavior consisting of several components (Reckwitz, 
2002). The practice of ‘doing washing’ involves for example the washing machine, but also the 
evaluation which clothes are dirty as well as the process of shopping for detergent. This 
research applies practice theory on the actions of dishwashing and washing, as these are found 
to be promising actions in order to shift electric loads (Enexis B.V., 2015). Other suitable 
appliances are the air conditioner, heat pump and electric vehicle, but the majority of the Dutch 
households does not (yet) possess these appliances. It is therefore chosen to study the 
practices of dishwashing and washing for the households of the SSmE pilot.  

Knowing that it is possible to shift the usage of (some) electric appliances this research 
investigates the potential for shifting the electric load of dishwashers and washing machines. 
To determine on the other hand the potential of social adaption DSM programs, this research 
investigates if shifting dishwashers and washing machines can result in a change of the electric 
load of a household. In order for social adaption DSM to be successful, it is necessary to be 
able to change the households’ electric load to decrease the peak load contribution of 
households. The goal of this research is described with the main research question:  

“(How) can household practices be influenced to decrease household electric peak load?”  
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As it is expected to be difficult to relate consumer practices directly to final electric load profiles 
this research proposes an intermediary step in order to couple practices to electric load. The 
proposed intermediary step is to couple the findings of both topics to characteristics of the 
household and occupants, to subsequently conclude if it is possible to change the electric (peak) 
load by changing household practices. This research aims to couple household characteristics 
to electric load and subsequently to household practices in order to determine the relation 
between practices and the household load profile. This intermediary step helps to finally 
conclude if and how social adaption DSM can influence the electric load of different household 
appliances in order to decrease the household peak electricity load.  
 
The next chapter elaborates on the main research question and introduces the two research 
sub-questions, which are discussed separately in Section A and B. Before discussing these two 
sections, first relevant literature is discussed in Chapter 3, in order to introduce the theoretical 
fields which form the basis of the sections’ research approaches. Subsequently the two sections 
elaborate on the research methodology and results. Finally Section C aims to integrate the 
findings of the first two research sections, in order to answer the main research question and 
finally discuss theoretical implications and opportunities for future research.  
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2 Research objective and questions 

This research investigates the opportunities for demand side management in a novel manner. 
The main objective is to investigate the relation between household practices and electric load. 
To do so, household characteristics are used as intermediary, as it is expected that finding a 
direct relation between household practices and electric load profiles is too difficult. Both the 
practices and household load profiles are related to the household characteristics, this is also 
illustrated in Figure 2.1. This chapter elaborates on the research objective, by elaborating on 
the main research questions and different research sub-questions.  

The potential of social 
adaption demand side 
management (DSM) of residential 
electric load is investigated. As was 
introduced in previous chapter, 
‘social adaption’ DSM programs are 
those that aim to influence the 
consumer in their way of using 
appliances. DSM programs in 
general aim to decrease overall 
electricity consumption or shift 
(peak) electricity consumption in 
time. Effects of DSM programs can 
be measured by counting how often 
appliances are used at the advised 
moment in time, or by measuring differences in the actual electricity consumption. The next 
chapter elaborates more onto the DSM research efforts, where it is stressed that DSM inquiries 
experience difficulties with determining the effects of the DSM measures.  

This research aims thus to investigate opportunities for social adaption DSM programs 
in a novel way. The potential of social adaption DSM is determined by investigating the potential 
of shifting (parts of) the electric load of the practices of dishwashing and washing. These 
practices are investigated to determine what obstructs and enables households to change these 
practices. Subsequently the obstructing and enabling practice elements are coupled to 
household characteristics. In turn these household characteristics are coupled to different 
electric load profiles to determine which household characteristics and thus practice elements 
relate to differences in electric (peak) loads. The research objective is visualized in Figure 2.1. 
The intermediary household characteristics are necessary, as it is too difficult to couple the 
practices to electric (peak) load directly. The main research question is therewith:  

“(How) can household practices be influenced to decrease household electric peak load?”  
 

This research comprises of three sections, which each contribute to separate research (sub-) 
questions. The first section covers the household characteristics which are relevant for electric 
(peak) load. This section helps to understand which characteristics are of influence on the 
household electric load. The second section covers the practices of dishwashing and washing, 
to determine to what extent households can shift the 
electric load of appliances. Finally, in Section C the 
research findings are combined to answer the main 
research question.  
 
Investigation of the electric load is in fact 
investigating the cumulative consumptions of all 
actions in a household that cause electricity 
consumption. A typical composition of a Dutch 
electrical load profile is shown in Figure 2.2. This 
research aims to determine what characteristics 
explain why the actions of household X add up to a 
different electric load profile than the load profile of 
household Y. The first part of this research aims to 

Figure 2.1: Visualization of the research objective 

Figure 2.2: Different appliances adding to the electricity 

consumption of an average household, taken from 

Stamminger et al. (2008) 
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relate characters of household X and Y to the differences in their load profiles, more specifically 
to the differences in peak load contributions.  
 Relating the differences in electrical load to the household characteristics is done in 
three steps: first, empirical electricity consumption data of “Samen Slim met Energie” (Together 
Smart with Energy) is clustered to determine electricity load profile groups. Secondly, literature 
is researched to investigate characteristics which relate to differences in load profiles. A 
regression algorithm is used to determine the relation between the characteristics and the 
different SSmE load profile groups. The first sub-question is therewith:  

“What household characteristics relate to different peak loads for the empirical case of 
‘Samen Slim met Energie’?” 

 
The second section of this research aims to determine what enables or obstructs households 
from shifting the dishwashing and washing electric load to a different point in time. As was 
discussed in the Introduction Chapter, dishwashing and washing are chosen for this analysis, 
because of their implementation rate and literature findings (Kobus, et al., 2015). Ideally the 
findings of Section B can be coupled to the household characteristics of Section A, in order to 
conclude which elements of household practices can help to decrease the electric peak load. 
The number of occupants is for example likely to influence the amount of dishes that is created, 
resulting in a dishwasher to be full every evening and thus turning on during the evening peak. 
To influence then the time at which the dishwasher is ran it is important to understand what 
triggers the ‘doing dishes’. Furthermore, it is important to understand the relevant elements in 
the execution of the practice. For example the wish to only use appliances when the consumer 
is at home.  

Social practice theory (SPT) is a promising novel approach to investigate limitations 
and interventions for the actions of dishwashing and washing. The Literature chapter elaborates 
on SPT and the reasons for applying SPT in this research. The objective of applying SPT is to 
explore and understand elements which obstruct and enable the shifting of the electric 
dishwashing and washing load. Interviews are conducted and together with a SPT framework 
help to construct the practices of dishwashing and washing. The practices are then analyzed to 
find the limitations and interventions in order to shift the electric load. The second sub-question 
to answer is:  

“When is it possible to intervene in the dishwashing and washing practices, for the case of 
‘Samen Slim met Energie’?” 

  
In the last section the aim is to couple the findings of both sub-sections. It is expected that a 
few elements, found in both the SPT and load profile analysis, will stand out as opportunities 
for DSM. It is possible though that the elements which influence practices do not at all relate to 
the characteristics which are found in the load profile analysis. This might indicate that the 
electric load profile shape is hard to influence by changing consumer practices. 

This research relies on data from the pilot "Samen Slim met Energie" (SSmE). SSmE 
is a cooperation between Enexis B.V. and Energy cooperative "Duurzame Energie Haaren" 
(DEH). The cooperative DEH has as one of its goals to increase the energy self-sufficiency of 
its members. For example DEH aids its members in installing solar PV on their rooftops. The 
pilot consists of 104 participants. The goal of the pilot is to decrease the overall electricity peak 
loading. An advantage of using this pilot as a case study is that participants are likely more 
conscious with their habits of using electricity. It is therefore expected that the participants of 
the interviews are able to answer how and why they execute the actions of dishwashing and 
washing related to electricity consumption.  
 
Section A covers the variations in load profiles, Section B covers the variations in practices. 
Findings of these two sections are combined in Section C, where the main research question is 
answered. Before elaborating on this research, first related inquiries are described in the next 
chapter. This chapter aims to place this research in the context of existing literature.  
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3 Literature review 

The research questions rely primarily on three different bodies of literature. This chapter 
elaborates on these bodies of literature and additionally stipulates the contributions of this 
research to these bodies of literature. The Introduction Chapter shortly introduced the role of 
demand side management in the sustainability transition. Furthermore also the grouping of 
households (clustering) and theory of social practices was introduced in both the introduction 
and research objective chapters.  
 The Bodies of literature paragraph aims to describe the literature so that it becomes 
clear what scholars focus on. Furthermore it helps to understand why these three bodies are 
relevant for this research. The literature contribution paragraph describes why this research is 
relevant for the bodies of literature. This paragraph describes what novelties this research adds 
to the different bodies of literature.  

 Bodies of literature 

As was discussed in the introduction chapter, this research investigates the potential of social 
adaption demand side management (DSM) measures. This form of DSM is often applied in 
smart grid pilots, in Dutch smart grid programs eleven out of twelve supported smart grid 
projects explicitly focus on user involvement, in order to manage the electricity demand 
(Verbong, Beemsterboer, & Sengers, 2013). In order to determine effects of smart grid pilots 
scholars can for example study groups of households. These groups can be constructed via a 
clustering algorithm (Rhodes, Cole, Upshaw, Edgar, & Webber, 2014; Sharma & Sing, 2014). 
On the other hand consumer behavior can be studied, but this research applies the novel theory 
of social practices as a way to investigate how households organize actions that lead to 
electricity consumption. 

Demand side management 

In the 1980s the term DSM was 
introduced. DSM is a more elaborated form 
of demand planning, which is in turn the 
forecasting of the consumers’ future 
electricity demand (Wayne & Gellings, 
1984). Demand planning is significantly 
different from DSM as it aims to estimate 
the electric power demand development. 
This process requires scenarios to 
estimate the developments for the coming 
years. DSM inquiries do not focus on 
estimating future demand, but aim to 
influence the short and long term electricity 
demand. Predicting the demand was found 
to become increasingly difficult in the 
1980s and it was therefore advocated to 
include customers as a new utility planning option (Gellings, 1981). The main goal of DSM at 
this point in time was to decrease the future electricity demand by advocating for energy efficient 
appliances. If the demand could be decreased this would decrease the necessity for 
investments in electricity grid assets and to some extent decrease the need for demand 
planning (Gellings, 1985).  
 Gellings (1985) defined DSM as “the planning, implementation and monitoring of those 
utility activities designed to influence customer use of electricity in ways that will produce desired 
changes in the utility’s load shape, i.e., changes in the time pattern and magnitude of a utility’s 
load.”. The ‘desired changes’ are illustrated in Figure 3.1, where six load shape objectives are 
shown. The load shape objectives apply to the daily and seasonal electricity demand (Gellings, 

Table 3.1: The development of demand side management 

Period Research trend  

< 1980 DSM is introduced as a new form of 

demand planning 

1980 .. 1985 DSM is defined 

1985 .. 1990 Application of DSM is advocated 

1990 .. 1995 DSM efforts are being evaluated 

1995 .. 2000 Problems with DSM are acknowledged 

2000 .. 2005 New phase of advocating DSM. How to 

make DSM attractive again? 

2005 .. 2010 New ideas lead to research to applied 

DSM cases 

2010 .. 2015 The smart grid is introduced in DSM  

2015 < Large scale implementation of DSM?  
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1985). With his definition of DSM Gellings 
stipulates that DSM aims to change the load 
shape by introducing measures that influence 
customers. According to Rahman & Rinaldy 
(1993) the load shape is characterized by peak 
load, baseload and total energy demand. These 
three variables are implicit in the load shape 
objectives of Figure 3.1 and form the core of the 
DSM research efforts.  
 Gellings (1985) claims that nearly 50 
percent of the USA’s utilities were actively 
engaged in some form of DSM in 1985. This 
indicates that the utility side of the energy system 
is very aware of potential advantages of a system 
with properly implemented DSM. This is supported by the annual US utility spending to the 
account of DSM, which rose to $ 2.7 billion by 1993 (Eto, 1996). With the rising expenditure 
came a need to validate the spendings, and a realization that measuring the effects of DSM is 
a very difficult task (Rahman & Rinaldy, 1993). For example, it is difficult to measure the effects 
of a program which advocates more energy efficient light bulbs or appliances. The effects are 
scattered throughout the target population and the benefits are distributed over multiple entities, 
for example the consumer who’s electricity bill decreases and the electricity production and 
distribution parties who’s need for future investments decrease. Parties, who advocate DSM 
debated that savings in generation and distribution are already sufficient to cover the DSM 
expenditures (Fickett, Gellings, & Lovins, 1990). Even without including environmental savings, 
which are even harder to monetize.  

In the early 1990s the debate of the advantageousness of DSM was thus an economic 
one where it was debated if DSM indeed proved as beneficial as scholars advocating DSM had 
been claiming (Fickett, Gellings, & Lovins, 1990; Joskow, 1990; Kahn, 1991; Joskow & Marron, 
1992; Nichols, 1994). This debate resulted in the question if energy efficiency DSM should be 
a utility responsibility, as it had been since the 1980s, or should be a government responsibility 
(Eto, 1996). In the end the DSM programs started to become less popular as they were 
expected to change (Sullivan, 1996). 

Only few years later DSM found new validity, the emergence of the internet solved the 
problem of bringing peak electricity consumption information from the producers to the 
consumers. This enabled real time management of consumers in order to decrease the required 
peak capacity. Gehring (2002) argues that indeed efficiency savings help, but true impact is 
made by “reducing on-peak market purchases”. With this he meant that the consumption at 
peak times should be decreased. From the early 2000s on scholars started to focus more on 
tackling this on-peak problem instead of looking to the improved efficiency DSM programs. 
Gehring (2002) acknowledges the problem of measuring DSM impact, but stresses that DSM 
impact will be visible on very short term in the daily spot market prices. The market prices of 
electricity are directly related to economic validity of building new generation plants. Thus as 
successful DSM programs will lower the spot market prices this equally lowers the need for new 
generation plants (Gehring, 2002).  

Again research effort started to focus on advocating the benefits of the renewed DSM 
(Table 3.1). A clear difference with the original debate of DSM is that scholars focus on dynamic 
price incentives instead of the classical energy efficiency measures (Kirschen, 2003). Also the 
role of DSM in enabling (distributed) renewable energy generation such as for example wind 
and solar production is introduced. Stadler & Bukvić-Schäfer (2003) for example introduce the 
idea of managing refrigerators, heating systems and other cooling systems both in residential 
and industrial buildings. These systems should consume electricity at the times that it is 
produced by solar and wind electricity production plants.  

One could say that present debates concerning DSM originates from the early 2000s. 
The components that are still important in present research are; peak shedding, renewable 
energy implementation and dynamic incentives. These components have been described by 
various scholars; Strbac (2008) for example argued that the average generation capacity 
utilization was still below 55%, indicating that there are still lots of opportunities for DSM 
programs in decreasing peak loadings. Inquiries towards renewable implementation are for 
example Stadler (2008) & Catillo-Cagigal et al. (2011). They apply different views, where Stadler 

Figure 3.1: DSM load shape objectives (Breukers, 2013). 
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takes a system perspective and Catillo-Cagigal et al. look at enhancing self-consumption of PV-
generation. Finally dynamic incentives have, among others, been described in by Gottwalt, 
Ketter, Block, Collins & Weinhardt (2011) or Alparslan Zehir & Bagriyanik (2012). Most recently 
the debate around DSM has integrated with that of smart grids.  
 
The debate around DSM has always been closely related to energy sustainability. The goal of 
DSM has been to decrease the required investments in electricity grid assets. To do so DSM 
concepts aimed at increasing energy efficiency and therewith promoted the use of less 
electricity. The last years the DSM topics are becoming more complicated, as a lot of DSM 
concepts focus on novel ways to decrease peak loadings. It seems however that in its 
development the debate around DSM focused mainly on the output, measuring the effects of 
decreasing the electric load. In the next paragraph it is debated why looking to the input side is 
an interesting DSM inquiry. It is discussed that the opportunities for DSM can also be 
determined when investigating the flexibility on the consumer side. However, first clustering 
theory and social practice theory literature is discussed. 

Clustering theory 

Clustering theory is applied to divide the participants of the SSmE pilot into groups with different 
electric loads. These groups can subsequently be related to characteristics which might explain 
why load profiles differ between these different groups.  

A cluster is a group of objects. The objects within a cluster are per definition more alike 
than the other objects. Clustering therefore enables the comparison of different groups of 
objects. Investigating a group of objects can be beneficial, as it is easier to find and prove 
relations between groups than it is between single cases. On the other hand clustering can be 
beneficial for extremely large datasets, as it enables the researcher to group individual cases 
together and thus reduce the number of observations which need to be compared.  

There is a vast literature describing different algorithms 
and components of clustering theory. Scholars discuss many 
different approaches for a variety of fields. Clustering algorithms 
have for example been applied in social science, psychology, 
biology, statistics, mathematics, engineering, computer science 
and medical researches (Jain, 2010). In the different fields 
different terms are used to indicate data clustering, terms that are 
used are for example Q-analysis, typology, clumping and 
taxonomy (Jain & Dubes, 1988).  

The idea of clustering data has been around for a long 
time, Murty & Krishna (1980) reported already in 1980 that 
clustering is a well-known and well documented scientific 
methodology and even specific clustering approaches have been 
around for over 50 years (Jain, 2010). Clustering arose from 
hierarchical grouping strategies. Lance & Williams (1967) defined 
hierarchical strategies as “those that optimize the route by which 
groups are obtained” and clustering strategies as “those that 
optimize some property of a group of elements”. Clustering is 
originally thus the improvement of groups which are constructed 
via a hierarchical method. A hierarchical clustering path is shown 
in Figure 3.2. This clustering path can be created in a 
top down or bottom up manner, respectively divisive 
or agglomerative (Maimon & Rokach, 2005). A well-
known hierarchically clustered dataset is that of the 
animal kingdom, where all animals of our planet are 
divided into kingdoms, stems and classes. 

In the early 1970s, only four years after Lance 
& Williams (1967), clustering was redefined as a 
“technique which is concerned with the problem: given 
a number of objects, how to select those which are 
closer to each other than they are to the rest of the 
objects.” (Rand, 1971). In essence this is still the same 
as was defined by Lance & Williams (1967), but in this 

Figure 3.2: Hierarchical clustering example, 

taken from Lance & Williams (1967) 

Figure 3.3: Example of agglomerative hierarchical clustering 

(What-when-how, 2015) 
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‘new’ definition of clustering it does not require pre constructed groups. The approach applied 
by Rand (1971) is in essence still a form of hierarchical agglomerative clustering (See Figure 
3.3). He constructs ‘K’ clusters by joining pairs of clusters in a way that the clustering criterion 
is kept to a minimum. K is a number larger than one, but smaller than the total amount of data 
points and the clustering criterion is a property of the groups as was also defined by Lance & 
Williams (1967).  

In the 1970s the role of computers in clustering research became important. The 
clustering algorithms were applied to larger datasets and this called for improvements to 
decrease the clustering algorithms required computational power (Murty & Krishna, 1980). This 
development seems to have also enabled new clustering approaches to be developed. 
Important contributions of new clustering approaches were made by Sneath & Sokal (1973), 
Anderberg (1973) and Hartigan (1975) (Milligan, 1980; Jain, 2010). Different approaches which 
were constructed are for example; K-means, C-means, Fuzzy C-means, Hierarchical and 
Follow the leader. These approaches are still being used in literature today (Räsänen, 
Voukantisis, Niska, Karatzas, & Kolehmainen, 2010; Kim, Ko, & Choi, 2011; Newsham, Birt, & 
Rowlands, 2011; Chicco, 2012; Kwac, Flora, & Rajagopal, 2014; Rhodes, Cole, Upshaw, Edgar, 
& Webber, 2014). These different clustering algorithms vary in the way the initial cluster center 
is selected, and the way the cluster assignment is done. Fuzzy C-means clustering for example 
does not assign an object to one specific cluster, but calculates the degree to which the object 
belongs to the different clusters (Chicco, 2012).  

Milligan (1980) compared 15 different clustering methods on their performance. In this 
comparison K-means performed very well. As the K-means method is still widely applied in 
researches today, K-means clustering is chosen as clustering methodology for this research. 
K-means clustering publications range from very technical research, describing the exact 
clustering algorithm (Hartigan & Wong, 1979) to overview papers describing different K-means 
applications and research developments (Jain, 2010). Different fields vary in the way K-means 
clustering is applied and as this research aims to cluster electrical load profiles, the remainder 
of this literature review will focus on the application of K-means in load profile clustering.  

K-means clustering works as follows: first initial points are (randomly) chosen, 
subsequently every data point is assigned to the cluster to which the distance to the cluster 
centers (centroids) is smallest. Then the centroids are recalculated and data points are again 
assigned. This happens over and over until the recalculation of the centroids does not lead to 
a change of the centroids any more (See Figure 3.4). The specific working principles of K-
means clustering are explained in Chapter 5.  

Jain & Dubes (1988) describe nine fundamental problems for clustering in general. 
These problems apply equally to K-means clustering. Specific K-means clustering problems are 

Figure 3.4: Example of K-means clustering iterations. (Pandre, 2015) 
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the initialization step, the (final) number of clusters (K) and to determine what the cluster 
represents. These problems are acknowledged by a lot of recent inquiries. The result is that 
researchers include multiple clustering techniques in their analyses (Rhodes, Cole, Upshaw, 
Edgar, & Webber, 2014; Sharma & Sing, 2014; Kwac, Flora, & Rajagopal, 2014).  

This research applies the K-means clustering algorithm in order to determine clusters 
on the basis of differences in electric load profiles. Clustering of electric load profiles can be 
done for a variety of reasons. Clustering of load profiles was for example used to improve 
electricity load forecasting (Räsänen, Voukantisis, Niska, Karatzas, & Kolehmainen, 2010; Kim, 
Ko, & Choi, 2011; Chicco, 2012). Load forecasting is a form of demand planning, where the 
goal is to estimate (forecast) the load of a target population. This estimation can be as accurate 
as for every 1-5 minutes, but can also be for periods of an hour as is done by Räsänen et al. 
(2010). Another application of clustering of electric load profiles, for example is measuring the 
effect of a DSM program (Newsham, Birt, & Rowlands, 2011). Finally there are inquiries 
researching different load profile peak contributions (Sharma & Sing, 2014) sometimes also 
trying to determine consumer characteristics for the different load profile groups (Yohanis, 
Mondol, Wright, & Norton, 2008; Rhodes, Cole, Upshaw, Edgar, & Webber, 2014). Chapter 6 
elaborates more on the last two inquiries.  
 
Clustering is used in a variety of research fields. The introduction of the computer played an 
important role in the development of clustering algorithms. Presently the algorithms struggle still 
with difficulties for which a temporary solution seems to be to apply multiple clustering 
algorithms. 

Social practice theory 

Social practice theory, or the practice approach is one that is receiving increasing interest of 
scholars (Shove, 2003; Warde, 2005; Gram-Hanssen, 2011; Nicolini, 2013; Shove, Pantzar, & 
Watson, 2012). Early inquiries of social practice theory SPT are those of Bordieu (1976) and 
Giddens (1984). More recent inquiries date the early 2000s (Schatzki, 2002; Reckwitz, 2002; 
Warde, 2005; Shove & Pantzer, 2005). Research towards SPT builds on structuration theory 
as is discussed by Giddens (1984) (Jensen, 2014). Giddens (1984) described structuration 
theory as a theory with the domain of study being the “social practices ordered across space 
and time”. Reckwitz (2002) places SPT as a form of cultural theory, “symbolic structures of 
knowledge enable and constrain the practitioners to interpret the world according to certain 
forms”. However, he states that he builds at least partly on the efforts of Giddens (Reckwitz, 
2002, p. 244).  
 SPT is the analysis of a practice or practices. A practice is, according to Reckwitz 
(2002) “a routinized type of behavior” consisting of several components. Giddens (1984) stated 
that human (social) activities are recursive and in their activities humans (practitioners) 
reproduce conditions to make these activities possible. So centrally is the behavior/activity, 
which is ‘brought into being’ by components/conditions. A practice is an activity which is 
routinized, such as for example showering, cooking, washing, dishwashing and watching tv. 
These activities can be reproduced on a daily, weekly or monthly basis. Before an action 
becomes a practice the practitioner needs to get acquainted with the different components of 
the practice.  

In executing activities the practitioner participate in side activities. For example, when 
taking a shower the practitioner might shave, or when undressing put clothing in the laundry. 
One of the side activities is also consumption (Warde, 2005). We consume water, soap and 
energy to heat the water. In this research the side activity consumption of electricity is of central 
importance in the analysis of activities.  

SPT can provide interesting insights into the elements with which practitioners interact. 
These elements might influence practitioners so that they are not able to shift electricity 
consumption in time. If the practitioner for example feels the need to take a shower before going 
to work, the consumption of energy is constrained by an element which the practitioner can not 
control. The consumption of energy is very often not a goal of the practitioner, but is caused 
when completing a practice (Warde, 2005). This research investigates the components that 
enable and constrain the practitioner to shift the consumption of electricity in time.  
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Presently there are multiple SPT 
frameworks, which differ mostly in the 
specificity of their elements. Gram-Hanssen 
(2010) gives a nice overview of the different 
framings and relevant elements (Figure 3.5). 
Gram-Hanssen (2010) states that Warde 
and Shove & Pantzer draw on the 
framework of Schatzki, but add material 
stuff, ‘things’, to this framing.  

It is acknowledged that things are 
very important in provoking household 
electricity consumption. Furthermore, the 
framework as proposed by Shove & Pantzer 
(2005) is the simplest and most 
straightforward of the remaining 
frameworks. Therefore it is chosen to apply 
the SPT framework of Shove & Pantzer 
(2005). Gram-Hanssen (2010) stresses that 
Shove & Pantzer oversimplify the framework 
of Schatzki (2002), as they do not distinguish between know-how and theoretical knowledge. 
There is obviously a difference between knowledge, being aware of the facts, and know-how, 
the ability to perform a task. But this difference is not of importance for this research. The 
distinction between the elements of materials, meanings and competences (Figure 3.6) is 
expected to provide an in depth and extensive explanation of the practices that are investigated 
in this research.  

As SPT is a relatively new theoretical approach, some 
definitions are not yet worked out very clearly. Additionally the 
variety of framings make some of the definitions even less 
specific, as is sketched in Figure 3.5, where the four frameworks 
all differ in the division of the elements. ‘Competences’, 
‘Meanings’ and ‘Products’ was proposed by Shove & Pantzar 
(2005), in a more recent inquiry they redefined ‘products’ to 
material Figure 3.6. In defining these elements the best 
description was found in Kuijer (2014).  
- Material is defined as objects, infrastructures, tools, hardware 

and the body itself.  
- Competences are learned bodily and mental routines.  
- Meanings are socially shared ideas or concepts that give 

reasons to engage in it.  
SPT has applied to a variety of actions, intrestingly most 

of the SPT inquiries also differ in the scope of elements they 
include. For example Shove & Pantzer (2005) described the 
development of the practice of Nordic walking. In their inquiry 
Shove and Pantzar described, next to the actual action also the 
developments of relevant firms. For example they described the development of training 
programs and the process in redefining the walking stick. Gram-Hanssen (2010) sketched even 
broader the action of reducing stand-by consumption, including sector wide involved actors. 
Warde (2005) investigated consumption framed with a SPT perspective. Finally Strengers 
(2012) discussed the topic of peak electricity demand, which is very relevant for this research. 
However Strengers took a very institutional point of view in which her investigation mainly 
concerned the roles of actors on the production side. 

 
Social practice theory is expected to give insights in elements which enables and constraints 
consumers to shift the actions in time. SPT is still being experimented with and multiple 
frameworks exist to frame components of the practice in different ways. It is decided to apply 
the SPT framework of Shove & Pantzer (2005), in order to achieve an in depth but not too 
complicated description of the actions investigated in this research. 

Figure 3.6: Visual representation of interrelation 

between elements of practice, taken from Jensen 

(2014) (Shove, Pantzar, & Watson, 2012) 

Figure 3.5: Key elements in the understanding of practices, taken from 

Gram-Hanssen (2010) 
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 Contribution to literature 

This paragraph elaborates onto the gaps of literature towards which this research contributes. 
The goal is to specify the contributions of this research. In the previous chapter the research 
questions were defined. The main research question contributes to DSM literature, the first sub-
question towards clustering theory and the second sub-question towards social practice theory. 

Demand side management 

The previous paragraph elaborated on the developments of research towards demand side 
management (DSM). It showed that there has been a large research effort towards DSM. As 
was discussed, both DSM critics and advocates often aim to determine the effects of DSM 
programs. This research does not contribute to the original topic of DSM programs, such as 
Rahman and Rinaldy (1993), which advocated increased energy efficiency. However, this 
research aims to contribute to the research which determines the effectiveness of DSM peak 
shaving programs. More specifically this research elaborates on peak shaving programs which 
implement social adaption and thus motivate the consumer 
to actively decrease the peak load.  
 In the Introduction Chapter, the difference between 
social adaption and technological application was defined. 
Technological application was defined as those DSM 
programs, which do not involve the consumer. This is 
exemplified in Figure 3.7, where a modified refrigerator load 
profile is illustrated. This refrigerator is programmed to use 
electricity at different times, thus changing the load profile 
(blue line). The fridge is in this example programmed to start 
cooling earlier and therefore can stay off during the second 
period, causing less electric loading during this period of 
time. Research towards this kind of measures is for example 
that of Strbac (2008) or Vandael, Boucké, Holvoet & Deconinck (2010). 
 The goal of social adaption DSM programs is similar to that of technological application, 
but as the consumers can not be programmed this requires a different approach. Measuring the 
effects of both social adaption and technological application DSM programs is difficult. It is 
difficult to determine what the ‘normal’ behavior of the consumers or appliances would have 
been, if no intervention was done. For the refrigerator the expected normal ‘behavior’ is 
visualized with the blue load profile (Figure 3.7). Plotting such a load profile for consumer 
behavior can be done in a similar manner. An alternative method is to use a control group, as 
for example is done for example by Kobus, Klaassen, Mugge, & Schoormans (2015).  
They measured the effects of a social adaption DSM program by comparing the washing 
machine load profile of the intervention group to a control group. They found the washing 
machine load to significantly differ between these groups, therefore showing that it is possible 
to shift the load caused by the washing machine.  
  
This research aims to contribute to the topic of social adaption DSM programs. In order to do 
so this research investigates household characters, which are relevant for different peak load 
contributions. Clustering theory is applied in order to create load profile groups, which can be 
coupled to the household characteristic. Social practice theory is applied in the second part, 
which elaborates on the actions of dishwashing and washing in order to determine the extent 
to which consumers can shift electric load in time. Finally these two topics are combined in order 
to determine the opportunities for social adaption DSM programs.  

The main consideration of this research concerning DSM literature is, that in order for 
social adaption DSM programs to be successful in decreasing peak loading consumers have to 
be able and willing to change their actions. This research takes a critical stance towards social 
adaption DSM measures, as it is expected that consumers are not willing or able to shift electric 
load to a large extent. Other literature, as discussed in previous paragraph, is predominantly 
positive towards the opportunities for DSM programs. Kobus, Klaassen, Mugge, & Schoormans 
(2015) stress that, as washing machines can be shifted there are opportunities for shifting of 
electric loads of for example heat pumps and electric vehicles. These appliances however 

Figure 3.7: Modifying a refrigerator’s electricity 

consumption, taken from Zehir & Bagriyanik 

(2012) 
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belong more to the group of technological application, as the consumers are not (directly) 
involved.  
 
This research aims to provide a critical review towards the opportunities for DSM programs 
which require active contribution of consumers. Furthermore the methods applied are not yet 
applied very frequently. An inquiry investigating the opportunities for shifting an action like 
dishwashing or washing was not found in literature. Thus the social practice theory addition will 
be novel.  

Clustering theory 

In the previous paragraph the literature concerning clustering theory was introduced. 
Furthermore K-means clustering was discussed and it was stated that K-means clustering is 
applied in this research. In the beginning of this paragraph it was stated that clustering theory 
will be applied to determine which household characteristics are relevant for different peak load 
contributions. The next step is to elaborate on the clustering of electric load profiles. 
Furthermore, the empirical case is introduced and it is explained why this case is relevant for 
studying clustering theory. The last part of this paragraph will elaborate on social practice theory 
(SPT) and explain the relevance for the empirical case for this inquiry.  
 As was stated before, clustering theory has been applied in different inquiries. These 
inquiries studied for example load profiles, or more specifically relevant (household) 
characteristics for load profiles. From the related inquiries those of Yohanis et al. (2008) and 
Rhodes et al. (2014) are most similar to the analysis of this research. Both inquiries investigate 
explanatory characteristics for differences in load profiles. Yohanis et al. however did not apply 
a K-means clustering algorithm, but created average load profiles on the basis of survey results. 
Furthermore Rhodes et al. only discriminates between two different clusters. Both inquiries help 
in showing relevant household characteristics for varying load profiles. But it seems that electric 
load clustering of Kim et al. (2011), Kwac et al. (2014) and Sharma & Sing (2014) is more 
representative and extensive in their inquiries towards K-means clustering. 
 Thus this research provides novel contributions as extensive K-means clustering has 
not (really) been combined with household characteristics. Furthermore K-means clustering is 
applied to an empirical case, which is expected to be a better representative for future electricity 
consumption profiles. This is done, as in order to make sensible claims for DSM, it is necessary 
to investigate electricity demand for a representative demand side (consumer group). 
Consumers are becoming increasingly motivated to increase their self-sufficiency and become 
less dependent on conventional energy sources (Verbong & Geels, 2010). Furthermore, the 
number of local energy initiatives has been increasing over the past years (Arentsen & 
Bellekom, 2014). Therefore it is reasonable to expect that in the future consumers will be more 
energy minded than the present average consumer. A representative group for future energy 
consumers might therefore be that of a collaborative energy initiative. For this research the 
smart grid pilot “Samen Slim met Energie” (together smart with energy) is chosen as empirical 
case.  
 In the pilot of “Samen Slim met Energie” (SSmE) participants are informed about their 
collaborative expected network loading, with the goal to reduce their peak loading. As the 
participants are geographically dispersed this is a virtual network loading, which means that the 
loads of all participants are aggregated to simulate a situation where they would all be located 
‘behind’ the same electricity transformer. The expected network loading caused by the 
participants is based on a prediction of their accumulated load and is shown for every hour of 
the day. The load is predicted using a regression algorithm named "Enexis Load Management 
Optimizer" (ELMO). 
 This empirical case will be the basis for the research findings of this research. The 
empirical case is unique because of the high penetration of rooftop PV installations. 78 of 104 
participants have installed distributed rooftop PV. Furthermore all participants are member of 
the local energy initiative “Duurzame Energie Haaren” (Sustainable energy Haaren). In literature 
no clustering inquiry was found with such a high penetration of distributed electricity generation.  
 
 
 



 Technische Universiteit Eindhoven University of Technology 

 

15 Inquiring the potential for demand side management of households / Version Final 

Social practice theory 

Lastly this research adds to social practice theory (SPT) literature. In the previous paragraph 
the inquiries concerning practice theory were discussed. It was stressed that not many research 
has added to the elements of a practice. Furthermore SPT has not yet been applied to a specific 
action. Instead SPT was applied to describe systems or sectors around the action, or technology 
under study.  
 In the SPT inquiries not much research is yet aimed at framing a specific consumer 
action according to a SPT framework. As SPT is embedded in cultural theory (Kuijer, 2014) a 
lot of inquiries investigate the development of the cultural aspects that concern the action 
(Shove & Pantzer, 2005; Warde, 2005; Gram-Hanssen, 2011). In this the specific behavioral 
aspects have not been investigated. This research applies SPT to dishwashing and washing in 
order to determine the extent to which the electric load of these actions can be shifted in time. 
SPT is a suiting theory, as it assists in clarifying specific components which are important for 
the execution of the actions. Examples of components can be the appliance itself or required 
behavior in order to make the appliance work. The application of the SPT framework will be 
improved by adapting an original SPT framework in order to be applicable to the specific actions. 
Therefore this research adds two novel contributions to literature.  

Combination the findings 

Finally the findings of the two separate inquiries, clustering theory and social practice theory, 
are combined. This combination should provide novel insights into the relation between 
household practices and corresponding electric (peak) load contribution. Via this relation this 
research should be able to point out practice elements which should be modified to successfully 
alter the household (peak) load profile. As this research seeks to provide a critical view of social 
adaption DSM, it might however occur that no relation between practices and (peak) load can 
be drawn. In this case it is sought to support that household practices can not (directly) influence 
household load.  
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A Determining relations between 

household load and characteristics 

The electric load of households varies between moments of the day, days of the week and 
months of the year. The load also differs between households, and it are those load variations 
which are the topic of this research section. The aim is to determine the relations between 
different electric loads of households and corresponding household characteristics. These 
relations, together with the findings of section B, help to understand how consumer behavior 
relates to electric (peak) load.  

The household characteristics which are investigated are: physical characteristics of 
the house, appliances in the household and the occupants of the household. For example, 
whether the house is detached, the amount of televisions present in the household and the 
number of male occupants. This section is the first of two sections which help to determine the 
potential of social adaption demand side management (DSM) programs, as was described in 
the previous chapters. The aim is to influence households’ load during the day, in order to 
decrease the peak load (contribution). Therefore this section investigates the differences 
between household (peak) loads during the day. This section should answer the first research 
sub-question:  

“What household characteristics relate to different peak loads for the empirical case of 
‘Samen Slim met Energie’?”. 

A.1 Rationale 

As a result of different appliances turning on throughout the day, the electric load of a household 
continuously fluctuates. The total load of a household is the sum of all the individual appliance 
loads at that moment in time. This is for example illustrated in Figure A.1B, where five days of 
electric load are plotted for every quarter of the day, for a single household. This Figure shows 
an incidental (spiky) load profile, which is very common for an individual household. The 
average daily load profiles of four different households are shown in Figure A.1A. This Figure 
shows that there are structural differences between households. In order to finally determine 
which household characteristics relate to differences in load profiles, first load profile groups 
are defined. The load profile groups are defined with a clustering algorithm, in order to 
determine;  

“What load profile groups can be distinguished for the empirical case of ‘Samen Slim 
met Energie’?” 

 

Different load profile groups are investigated, as this increases the likelihood of finding relevant 
household characteristics with respect to finding relations from single households. The load 
profile groups are created with a K-means clustering algorithm. The clustering algorithm is used 
to assign households to groups (clusters) based on their electric load profiles. The different load 
profile clusters are then related to household characteristics in order to determine which 
characteristics are of influence on the household load profile.  

Figure A.1: Electric load profiles. A) averaged B) normal load. 
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Clustering algorithms are applied to group cases together. The clustering algorithms 
are able to classifying patterns and subsequently groups cases on the basis of the similarity of 
their patterns (Jain, Murty, & Flynn, 1999). There is a variety of clustering algorithms available, 
but as was discussed in the literature chapter, this research applies the K-means clustering 
algorithm. The K-means algorithm classifies similar cases on the basis of the differences in the 
average daily load profile of the individual SSmE households. A more elaborate description of 
clustering is provided in Chapter 5.  

After defining the load profile clusters it is sought to relate household characteristics to 
the different clusters. These household characteristics should help to understand which 
household characteristics are important for the households’ load profile. For example, one 
cluster might be comprised of households which consist of more occupants than the households 
of a second cluster. Chapter 6 elaborates on the different household characteristics which are 
thought to relate to differences in load profiles. A regression algorithm is used to determine the 
relation between the different household characteristics and load profile clusters. In Chapter 6 
the second sub-question is answered: 

“What is the relation between the household characteristics and the different load profile 
clusters?” 

A.2 Data 

This section relies on a variety of datasets. An overview of these datasets is given in Appendix 
I. There are four different datasets; Dataset 1, Dataset 2, survey data Sedee (2015) and newly 
acquired survey data. Table A.1 shows which dataset is used in which Chapter. Dataset 1 and 
2 both contain smart meter electric load data. Dataset 1 concerns the smart meter data of the 
participants of SSmE. Dataset 2 contains smart meter data of a different group of consumers, 
in this dataset the PV production is also separately available.  
 

Table A.1: Chapters and data sources used 

Chapter Data source 

Chapter 4 Solar surface Dataset 1 & Dataset 2 
Chapter 5 Clustering Dataset 1 
Chapter 6 Household characteristics Survey data Sedee & New survey data 

 
Table A.2: Most important variables, their meaning and availability. This is also illustrated in Figure A.2. 

Variable Meaning Dataset 

Irradiation (Irrad) Measured solar irradiance [W/m2]. 1  2 
Photovoltaic production (PV) The amount of electricity produced by the solar panels 

[W]. 
X 2 

Net electricity consumption 
(ECn) 

The amount of electricity consumed by the household 
[W]. 

X 2 

Gross electricity consumption 
(ECg) 

The amount of consumed electricity – the amount of 
produced electricity (ECn – PV) [W]. Negative values 
are ignored1 

1 2 

Gross photovoltaic production 
(PVg) 

The amount of produced PV power – the amount of 
consumed electricity (PV – ECn) [W]. Negative values 
are ignored2 3  

1 2 

Final electric load (Pelec) The gross consumption – gross production (ECg – 
PVg) [W].  

1 2 

 
The main variables of Dataset 1 and 2 are explained in Table A.2 and shown in Figure A.2. The 
most important distinction is that the ‘net’ variables represent the actual solar PV production 
and the actual electricity consumption. The ‘gross’ variables represent either the positive or 
negative part of the final electric power consumed by the household. For the ‘gross’ variables 

 
1 Negative values are set to ‘not a number’ (NaN). Where PV > ECn  ECg = NaN. 
2 It is assumed that electricity production can only occur because of installed PV power. Other production sources like residential wind 
mills and micro-chp were not reported by the participants. 
3 Negative values are set to ‘not a number’ (NaN). Where ECn > PV  PVg = NaN. 
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the positive part is electricity drawn from the grid; electricity consumption ECg and the negative 
part is electricity delivered to the grid; electricity produced PVg. PVg should thus be negative, 
but as PV generation is positive PVg is also plotted positive in order to compare it with PV. 

There is a large impact of PV production on the shape of ECg. This will also be of 
influence when clustering the household loads. This is shown in Figure A.3, where initial 
clustering results are shown. For the SSmE dataset it is not possible to filter the PV generation 
out of the final electric load (Pelec). Therefore the household clustering is highly dependent on 
the PV installation characteristics. As the objective of this research is to relate differences in 
load profiles to differences in household characteristics, it is proposed to build a filter for the PV 
production, and consequently define clusters based on a calculated ECn. Building a PV filter is 
challenging, as it has not been done before for this type of data. The expectation is that this 
filter is able to calculate the PV production. It is however also expected that there will remain 
some calculation error in the calculated ECn. It is therefore important to consider this error, by 
including PV installation characteristics into the regression. 

In Chapter 4, first the proposed PV filter is determined from PVg and Irrad. The 
calculated PV data is added to ECg to get calculated ECn. The ECn_calc is first tested for Dataset 
2, where it is possible to determine the accuracy of the PV filter, because of the availability of 
measured PV. In Chapter 5 the ECn_calc is used to determine the appropriate clusters. The 
expectation is that the PV filter increases the likelyhood of finding predictors other than PV 
system characteristics, for the differences in household loads. 

Figure A.2: the terms from Table Table A.2 illustrated.  

Figure A.3: Initial K-means clusters that show differences in solar PV production. Clustering results 

are average daily load profiles for April 1st - June 30th of 96 SSmE households.  
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4 PV filter 

This chapter elaborates on a novel method to determine photovoltaic (PV) production from the 
gross electricity consumption (ECg). The goal of this chapter is to design a PV filter with which 
ECg can be converted to net electricity consumption (ECn). This newly calculated ECn (ECn_calc) 
is used to determine load profile clusters, which are to a lesser extent influenced by the 
households’ installed PV capacity. It is expected that this improves the quality of the final 
regression, where household characteristics are related to the different load profile clusters.  

In order to evaluate the PV filter, it is applied to two separate datasets. Dataset 1, which 
is the “Samen Slim met Energie” (SSmE) dataset and Dataset 2, a test dataset which contains 
electric load data of different households. This test dataset is used to evaluate the PV filter, as 
it also contains measured PV production. Dataset 1 does not contain the PV data, but is the 
final data to which the PV filter is applied.  

This chapter initially elaborates on the method of approach. The methodology section 
discusses the restructuring of the data, in order to be suitable for constructing the PV filter 
model. The PV filter is then constructed on the basis of measured PV values from Dataset 2. 
The design choices in constructing the PV filter are discussed in the methodology paragraph, 
Paragraph 4.1. In the second paragraph the PV filter, is applied to the ECg data of Dataset 2. 
The calculated PV values are compared to the real PV values in order to evaluate the quality of 
the PV filter model. The final paragraph 
discusses the calculated PV values for the 
SSmE data. The calculated PV (PVcalc) and 
calculated net consumption (ECn_calc) of 
Dataset 1 are compared to the PVg and ECg 
data. Finally conclusions are drawn towards 
the accuracy of the PV filter. 

For clarification Figure 4.1 was 
constructed. This Figure illustrates the 
different datasets and variables which are 
used in the different paragraphs. It also shows 
which variables are compared in order to 
determine the accuracy of the PV filter model. 

 Method 

The goal of this methodology paragraph is to describe the PV filter. This paragraph elaborates 
on the assumptions and choices that were made to create the PV filter model. The methodology 
builds on the knowledge that ECn fluctuates throughout the day. This was illustrated in Figure 
A.1B. The expectation is that the approach as described in this paragraph results in a 
representative PVcalc with which ECn can be reconstructed. The PVcalc is expected to be 
especially good in filtering out the influence of the ECn fluctuations. It is expected that the results 
of PVcalc are a better representation of PV than ECg is, consequently decreasing the influence 
of the PV installation in the household clustering. 

Data preparations 

Before discussing the construction of the PV filter, first the available data is considered. It is 
necessary to consider seasonal effects for the generation of solar PV. The angle of the sun 
differs with time of the day and throughout the year. This is illustrated in Figure 4.2, where the 
position of the sun is shown with respect to a stationary point on earth. To avoid seasonal effects 
from decreasing the quality of the PV filter it is chosen to limit the period of data on which the 
model is created. Therefore it is chosen to use data from the 1st of April till the 30th of June for 
constructing the PV filter. This period is chosen, as data of this period was completely available 
at the time that the PV filter was constructed. As a result of this choice, the further analysis of 
this section are also executed on the April – June data. 

Figure 4.1: Overview of the data which is used in the different 

paragraphs 
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  It is expected that a three month period is small 
enough to limit seasonal effects, yet large enough to 
provide a considerable amount of data. Furthermore it is 
assumed that the PV generation can easier be predicted 
during summer months, as PV generation is abundantly 
available in the summer months. The final reason is that 
data of the SSmE pilot is gathered since January 2015 and 
the data of every household is only available since March 
2015.  

The basis of the PV filter is the gross photovoltaic 
production (PVg) combined with the corresponding 
Irradiation data (Irrad) and Time of the Day (ToD). The PVg 
data is entered in a row and column, according to the 
corresponding ToD and Irrad. This is represented in Figure 
4.3A with Irrad on the x-axis, ToD on the y-axis and PV on 
the z-axis. Figure 4.3B shows a 3D plot, indicating the shape of the PV filter surface. Figure 
4.3B was rotated in order to improve the 3D visualization.  

The final PV filter is a representation of the PVg shape similar as depicted in Figure 
4.3B. For every single household an unique PV filter is constructed, which should represent the 
PV shape of that particular household. This PV filter surface is used to determine the PV values 
for every historical combination of ToD and Irrad. As the PV filter surface is a smoothened 
version of PVg it is expected that the incidental effects of ECn are decreased, leading to a PVcalc 
which represents PV better than PVg does.  

Creating a test PV filter 

It is assumed that the SSmE participants and households of the test dataset produce electricity 
with PV panels only. Therefore, PVg is the PV production minus ECn. Measured PV data from 
Dataset 2 is used to create the PV filter and assess the accuracy. This test PV filter is first build 
and tested with measured PV data, in order to determine the real PV shape. This sub-paragraph 
concerns the important steps and decisions made in defining the PV filter approach. In the next 
paragraph the PV filter accuracy is controlled on PVg data of dataset 2. The results of the PV 
filter are compared to the measured PV data in order to determine the deviation and control the 
PV filter for defects. When necessary the test PV filter can be improved, in order to create the 
final optimal PV filter model. Finally this PV filter is applied on the SSmE dataset, to create ECn 
values for every household which can be used in the remainder of this research. Figure 4.1 
illustrates the topics which are discussed in the paragraphs of this chapter.  

 

Test surface approaches 
The PV filter model is initially created on the basis of PV as input data. Another method which 
was investigated was to ‘smooth’ the raw PV data with an interpolation function, in order to 
generate the ‘smooth’ surface. This did however not result in a smooth enough surface, as is 
shown in Figure 4.4. Therefore the interpolated PV values are also used as input for the PV 
filter. It is expected that the interpolated PV values decrease the impact of extreme values in 
the PV data and therefore increase the accuracy of the final PV filter model.  

Figure 4.2: Angles of the sun during day and 

season. (Epstein, 2015) 

Figure 4.3: Net photovoltaic production in 2D A) and 3D B) plot.  
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The interpolation is done with the 
Matlab 2014a ‘interp2’ function. The 
interpolation generates functions which 
represent the original values. The function with 
the smallest squared mean error is then 
selected (Moler, 2013). The data to which 
interp2 is applied is PV, where all zero values 
are converted to ‘not a number’ (NaN). The NaN 
values are ignored by the interp2 function. The 
output of interp2 is a new variable, of which an 
example is plotted in Figure 4.4. This new 
variable represents the PVg, which was shown 
in Figure 4.3B. The result of the interp2 function 
is a ‘smoother’ version of the PV data. With 
smoother it is meant that the interpolated PV (PV_i) is less incidental than the original PV, as 
can be seen when comparing Figure 4.4 and Figure 4.3B. 

 
In order to create the PV filter model from the input data of PV and PV_i, the input data is fitted. 
Interpolation of PV is similar to the fitting which is now applied, but the difference is that this 
time the goal is not to smooth the extreme values. The goal of fitting PV and PV_i is to create a 
linear or quadratic representation of the original data. Fitting is done with the Matlab 2014a 
‘polyfit’ function, which is explained below. First, a polynomial function is fitted for every ToD for 
the respective input data (either PV or PV_i). This fit can be visualized by looking from left to 
right (every row) in Figure 4.3A. The fitted function is then used to determine values for every 
cell (Irrad) in the row (ToD). Thus the fitting function generates a function, which can be used 
again to determine the fitted values for every cell of the row.  

In order to get from a collection of fitted lines to a (smooth) surface, the newly generated 
data table is fitted again. A polynomial fit is this time calculated for every Irrad, visualized in 
Figure 4.3A from top to bottom for every cell of ToD. Note that the direction of the first and 
second fit are perpendicular to each other. It was found that switching between the fitting 
directions of the first and second fit results in different surfaces, therefore it is chosen to test 
both options on their performance; fitting first in the direction of ToD and next in the direction of 
Irrad and fitting first in the direction of Irrad and second in the direction of ToD.  

 

 Expected surface shape 
In order to optimize the PV filter surface shape a few design choices are made. The first design 
choice is the expected shape of the surface. To determine what the shape of the surface should 
be, first the relations between ToD, Irrad and generated PV are investigated. For a fixed Irrad 
the relation between ToD and generated PV depends on the angle between the sun and the 
PV panel. This relation is expected to be quadratic, because of the path of the sun as depicted 
in Figure 4.2.  

The efficiency of a solar panel is influenced by 
the momentarily temperature of the solar panel 
(Radziemska, 2003). The influence of temperature is 
expected to be implicit in Irrad and ToD. This claim is 
supported by the Stefan-Boltzmann equation (Equation 
4.1), where “j” is the Irradiance, “𝜎” is the Stefan-
Boltzmann constant and “T” is the temperature (Motl, 
2015). This relation is also shown in Figure 4.5. 

 

j = 𝜎 ∗ T4    Equation 4.1 

 
That T is also dependent on other factors can be 

deduced from the fact that at night, when j = 0, T is not 
equal to 0 Kelvin. It is therefore assumed that the 
variance of temperature during the day is implicit in ToD 
and variance between days can be explained purely with 
differences of Irrad. In Figure 4.5 the linear and quadratic 

Figure 4.5: Relation between T and Irrad including linear 
and quadratic Matlab2014a fit. 
 

Figure 4.4: Interpolated gross photovoltaic production in 3D plot.  
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fit for T vs Irrad are plotted. As both fits seem to approach the Stefan-Boltzamann relation it is 
assumed that both the linear and quadratic fit are appropriate fits for the relation between Irrad 
and PV.  

 

 The fitting function 
The next design choice is the function which is used for 
fitting PV and PV_i. These functions are exemplified in 
Equation 4.2 and 4.3, where x is depending on the plot 
direction ToD or Irrad and ‘p#’ is a variable which is tuned 
to minimize the root mean of squared errors (RMSE). The 
fitting is done with Matlab 2014a ‘polyfit’ function, which 
determines values for the ‘p#’ variables and chooses the 
‘p#’ for which RMSE is smallest. RMSE can be calculated 
with Equation 4.4 and 4.5 and is a term for the difference 
between the original data and the fitted values.  

 

y = p1 ∗ x + p2 (linear)  Equation 4.2 

y = p1 ∗ x2 + p2 ∗ x + p3 (quadratic)   Equation 4.3 

residuals = y −  ŷ (y = data; ŷ = predicted data)  Equation 4.4 

RMSE = sqrt(mean(residuals2))    Equation 4.5 

 
An example of data, including fits is shown in Figure 4.6. The p coefficients and final residuals 
of this particular example are shown in Table 4.1. Note that this example was chosen randomly 
and different Irrad values will most likely result in different shapes of the fitted function and 
different values for p# and the RMSE.  

 

 

  

 

 

 

 

 

Different PV production values for single ToD and Irrad combination 
Another component for which a design choice is made, is the occurrence of multiple PV values 
for a single ToD and Irrad combination. It occurs that there are multiple PV values for a specific 
combination of ToD and Irrad. This is illustrated by a single cell in Figure 4.3A, for which there 
are multiple PV values. First it is investigated how often these ‘multiple value cases’ occur; this 
is on average 4000 times per household, over a three month period. The maximum amount of 
PV values for one specific combination of ToD and Irrad is 12 values. There are a few 
possibilities to handle these multiple value cases, of which two possibilities were tested; taking 
the average value and taking the highest value.  
 Testing was done on the PVg data, instead of PV, as this design choice has a larger 
impact on the PVg data results than it has on the PV data results. It is found that taking the 
highest value results in a more accurate calculation of the PV for the test dataset (Dataset 2). 
This is most likely because the data, to which this method is applied is PVg, which is PV – ECn. 
The lower values, are therefore more likely values where ECn was higher and are thus a worse 
representation of PV than the higher PVg values. Thus it was chosen to select the highest value 
for all occurrences of multiple PV values for a single ToD and Irrad combination.  

 

Correcting for electric baseload 
The final design choice is correcting for the baseload. PVg is always PV subtracted with ECn, 
which consists of the baseload and incidental load. It is expected that the PV filter model is able 
to filter the effects caused by the incidental load. This is eased by the fact that often multiple 
PVg values are available for a combination of ToD and Irrad. The baseload however will remain 
a difficulty. Estimating the baseload is very difficult, as it differs per household and is impossible 
to trace back in the data of Dataset 1. As illustrated in Figure 4.7A, it was indeed found that the 

 Linear Quadratic 

p1 316.91 -282.24 

p2 608.71  310.41 

p3   877.52 

RSSE 0.240  0.226 

Figure 4.6: Linear and quadratic fit on example data 

Table 4.1: Example of the fitting functions of Figure 4.6 
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calculated PV (PVcalc) values for Dataset 2 were substantially lower than the measured PV. This 
applied to all of the household profiles, where there was indeed a difference in the magnitude 
of the deviations for the different households. 

To compensate for this difference in magnitude between PV and PVcalc it was chosen 
to take the maximum PVg and PVcalc values and scale PVcalc with this value. PVcalc was multiplied 
with maximum(PVg)/maximum(PVcalc). Figure 4.7B shows that this solves the difference 
between PV and PVcalc.  

Selecting the best method 

The best method was found to be where PV was not interpolated and fitting was first applied to 
the Irrad data (columns) and secondly to ToD (rows). These fits were calculated respectively 
linear and quadratic. The interpolated PV (PV_i) results are slightly less accurate, as is shown 
in Table 4.2.  

Table 4.2 shows the statistic performances of the different methods. All the results were 
calculated on the basis of the residuals calculated with Equation 4.4. In investigating why the 
fitting order made a difference, it was found that fitting first ToD and secondly Irrad resulted in 
surfaces like those shown in Figure 4.8. The initial fitting of ToD removed too much information 
for the more extreme Irrad values, so that the fitting function calculated an inverse shape to be 
the best fitting. This inverse shape resulted in a lot of extreme values, as is supported with the 
mean standard deviation, which is a lot higher for these cases. 

 
 

Figure 4.7: Real and calculated PV values. A) before scaling  B) after scaling 

Figure 4.8: Examples of plots that result in extreme PVcalc values 
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Table 4.2: Statistic results of the different methods for 96 households on the data from April 1st – June 30th. 

Method Mean error Mean standard 

deviation 

RMSE 

PV    

- Irrad, ToD 0.0032 0.0496 0.0510 

- ToD, Irrad 0.0622 0.1629 0.1763 

PV_i    

- Irrad, ToD 0.0167 0.0539 0.0585 

- ToD, Irrad 0.0038 0.2050 0.2054 

 Evaluating PV filter for Dataset 2 

In this paragraph the results of the PV filter method are described. First the results of the PV 
filter for the test dataset (Dataset 2) are evaluated. The results are compared to PV, which is 
also available in this dataset. Finally the results for Dataset 1 will be discussed.  
 The goal of this paragraph is to evaluate the accuracy of the PV filter on Dataset 2, as 
it is not possible to determine this for the SSmE dataset. This provides information as to what 
extend the PV filter is able to filter the PV from the load profiles. Important to consider is that 
the PV filter should improve the data quality, so that it is unnecessary to include characteristics 
of the PV installations in the regression of Chapter 6.  

 
The PV filter method creates a surface which 
represents either PV or PVg. An example of a 
surface, including the original data is shown in 
Figure 4.9. This Figure displays PVg data and 
the PV filter surface of one of the households 
from Dataset 2. The surface appears to be a 
smooth representation of the original data. 
However, it seems that the surface does not 
optimally represent the original data. It seems 
to be slightly lower than the PVg data. It is 
assumed that the incidental part of ECn causes 
the surface to be lower than PVg. Because of 
the suspected influence of ECn on the PV filter 
surface, first the incidental influence of ECn is 
investigated by comparing the results of a PV 
filter based on PV data to a PV filter based on 
PVg data. This should give insight into the 
influence of ECn on the PV filter. Note that in 
this comparison the baseload of ECn is also of influence. However it is expected that the 
baseload part of ECn does not influence the PV filter, other than was explained in the ‘correcting 
for electrical baseload’ sub-paragraph.  
 In order to investigate the effects of ECn, the results of the PV filter4 and the PVg filter5 
are compared. As PVg is PV – ECn the difference between the filters indicates the impact of ECn 
on the quality of the filter. ECn likely has a similar impact on the results of the PVg filter for the 
SSmE dataset, however it is not possible to check this as PV is not available for this dataset.  

The results of the two filters are visualized in Figure 4.10, where the PV, PVcalc and 
PVcalc with PVg (PVg_calc) are plotted. Figure 4.10 shows six days of PV production for one 
household of Dataset 2. It shows that there is only a small difference between the results of 
both filters. Note that a baseload correction was done according to the description of the 
Methodology paragraph. This baseload correction significantly increases the accuracy of the 
PVg_calc filter, as was shown in Figure 4.7A & B. 

 
4 PV filter is the filter with PV data as input data 
5 PVg filter is the filter with PVg data as input data 

Figure 4.9: PV filter surfaces together with PVg data, calculated 
with PVg. 
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It is difficult to conclude solely on the basis 
of this Figure, therefore the relevant statistics are 
calculated. Table 4.3 shows these statistics for 
both the PV filter and the PVg filter. The statistics 
were calculated on the basis of the residuals, 
which were calculated with Equation 4.4.  

From the statistics, which are displayed in 
Table 4.3, it is concluded that there are only 
marginal differences between the results of the PV 
filter and the PVg filter. Therefore it is concluded 
that the impact of ECn on the performance of the 
PV filter is negligible. This is positive, as the goal 
of the PV filter method was to overcome the 
influences of ECn in order to accurately determine 
PV. However, there are still errors in PVcalc which 
seem to occur because of fundamental problems 
with the applied method or the nature of the data. 
These problems are now investigated, in order to determine what causes these errors and 
determine if the PV filter is accurate enough to improve the data quality for the clustering 
analysis of next Chapter.  

 

Table 4.3: Result statistics. 

 Mean error Standard 

deviation 

RMSE Mean max 

deviation 

PVcalc - 0.0006 (kW) 0.0496 (kW) 0.0510 0.3234 (kW) 

PVg_calc 0.0032 (kW) 0.0497 (kW) 0.0506 0.3271 (kW) 

* Calculations concern 1st of April to 30th of June. 

* 88320 datapoints which represent quarterly PVcacluated for 10 households 

* PVcalc is calculated from PV data PVg_calc is calculated from PVg data 

 
In order to determine the quality of the PVg filter, first the PVg filter results on the basis of daily 
averages is investigated. First the average error is discussed and compared to the overall error. 
In this evaluation there are two goals. The first is to find consequent errors, which might indicate 
errors of the PV filter method. The second goal is to determine if the PVg filter results can be 
improved by using average PVg_calc profiles. 

The error is the difference between PV and PVg_calc. The average daily error of the three 
month period is shown in Figure 4.11. In this Figure the average error for every single household 
and the mean error of all households is shown. The errors plotted in Figure 4.11 are smaller 
than those of Figure 4.10. The standard deviation (σ) of the mean error is 0.013 kW, where the 
error of the full profile was 0.050 kW. The error 
decreased as a result of errors averaging out 
each other when taking the daily average.  
 Relative to the magnitude of PVg_calc the 
mean household error is also small. This is shown 
in Figure 4.12B, where the mean household error 
is plotted together with the average daily PV and 
the average daily PVg_calc. Keeping in mind that 
the goal of the PV filter is to decrease the impact 
of PV production in the average daily ECg profile, 
ideally the error should be zero. It can however 
be concluded that the PV filter average daily 
results are better than the full PVg_calc profile. 
Furthermore it is assumed that the error is 
random, as no consistent errors are found in the 
error profile of Figure 4.11.  

Figure 4.10: Impression of a few days of real vs calculated PV values.  

Figure 4.11: Average error over the day of Dataset 2 results 

for 1st of April till 30th of June. Error is displayed per 

household and average of all households. 
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Figure 4.12A shows the average PV of all households and average error of all 
households for the full period of April to June. The Figure shows that the magnitude of the error 
varies widely, which is confirmed by the σ value which was found for the average error. When 
zooming in to periods with large errors it is found that these errors occur at days with intermittent 
Irrad. Therefore it is assumed that the error is for a large part caused by differences between 
real Irrad and measured Irrad.  

Thus it is concluded that the PV filter works quite well, however errors exist because of 
measurement errors in the Irrad data. Those errors seem to be randomly distributed, as 
averaging the error profile into a daily overall averaged error profile drastically limits the 
magnitude of the errors. As Figure 4.13 shows, PVg_calc (Figure 4.13A) is a better representation 
of PV (Figure 4.13B) than PVg (Figure 4.13C) was. 

This research does not aim to improve the imperfections of the applied method any 
further. Especially because the imperfections seem to be caused by data inaccuracies. The 
results of the Dataset 1 model will now be discussed in the next paragraph. In the final 
paragraph it will be discussed if the results of the solar surface can still be of use to improve the 
clustering process.  

Figure 4.12: A) Average PV versus average Error for Dataset 2. B) Average PV, PVcalc and error 

* Dataset 2 results for 1st of April till 30th of June. 

* Results are daily averages, averaged for all 10 households of Dataset 2. 

Figure 4.13: Final results, calculated PV, PV and PVg daily average per household and overall average. 
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 Evaluating the PV filter for the SSmE dataset. 

This paragraph aims to evaluate the performance of the PV filter on the SSmE dataset, before 
concluding about the quality of the PV filter method in decreasing the impact of PV for the final 
ECn_calc. As no measured PV is available for the SSmE households, it is impossible to accurately 
check PVg_calc. Therefore PVg_calc and ECn_calc are compared to the original data of PVg and ECg.  

In Figure 4.14 both PVg and PVg_calc are shown, what stands out is that the individual 
shapes of PVg are more diverse than those of PVcalc. The profiles of Figure 4.14A seem to vary 
more from left to right than the profiles in Figure 4.14B do. It is difficult to conclude which of the 
two representations is the correct, as Figure 4.13 does not show this variation of profiles from 
left to right. As the variation is not found in Figure 4.13 it is assumed that the variations in Figure 
4.14A are caused by variations in electric load, instead of variations in PV generation. The PV 
filter seems thus to filter out the appropriate PV production.  

Figure 4.14: Return power and calculated PV plotted as average daily profile per household and overall average. 

Figure 4.15: Total power and ECn_calc both daily averaged per household and overall daily average.  
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Another difference between PVcalc and PVg is the magnitude of the profiles. It was 
discussed befor that PVcalc should be greater than PVg because of the influence of ECn. Again 
the PV filter seems to work appropriately. To finally compare the overall profile (Pelec) to the net 
calculated consumption (ECn_calc) Figure 4.15 is plotted. This Figure illustrates that the PVg_calc 
profile is not as neat as the overall load profile. This indicates that there is some noise created 
by the PV filter and seems to be the result of the small inaccuracy, which was found in the 
previous paragraph.  
 
It seems thus that the PV filter functions equally for Dataset 2 and the SSmE dataset. The 
Figures illustrate that the impact of PV can indeed be decreased with the PV filter. However 
some noise is created in the process. The next paragraph elaborates more on the implications 
of the PV filter. 

 Conclusion 

The objective of this chapter was to develop a PV filter model, which can calculate the PV 
production as a function of the time of the day and irradiation. Subsequently, this model can be 
used to filter PV production from the measured smart meter data of the SSmE participants. This 
way, clustering can be used to group consumers based on their consumption profiles. Hence, 
eliminating the effect of the PV installations.  

The model calculates the produced PV out of PVg, ToD and Irrad. Determining the 
accuracy of the model was done on the basis of a second dataset, which includes measured 
PV production. From the evaluation of the PV filter model for Dataset 2 it was concluded that 
the PV filter calculates PV fairly accurate, PV_calc is a better representation of PV than the return 
power (PVg) is. Determining the accuracy of the results for the SSmE dataset was harder, as 
no real PV values are present in this dataset. A comparison of the PV calculated by the model 
and the PVg data of dataset 2 indicated that the model functions about equally well on Dataset 
2 and the SSmE dataset. In the process it was chosen to use averaged daily PV production, as 
this provided more accurate results. Because of this decision the remainder of this section will 
also depend on average daily profiles.  

While determining the accuracy of the model, indicators were found for why the model 
functions sub-optimal. Firstly the Irrad data, which seems to be inaccurate. For the SSmE 
dataset Irrad is measured about 20-30 km away from the location of the PV panels. It is 
therefore likely that a difference exists between measured Irrad and the Irrad at the actual 
panels. Especially on cloudy days this can result in a difference between the measured Irrad 
and Irrad on the panels. This claim is supported by the results of the model, which are 
significantly worse when Irrad fluctuates throughout the day (cloudy days). For Dataset 2 similar 
errors were found and it is therefore assumed that the results of Dataset 2 are also less accurate 
because of differences between measured Irrad and Irrad at the PV panels.  

Secondly the method of approach might not be suitable for the available input data. In 
Figure 4.14A individual profiles vary more from left to right than in Figure 4.14B. Looking to the 
three highest profiles in Figure 4.14A their peaks differ in ToD, where in Figure 4.14B they peak 
at the same ToD. This phenomenon was not detected in Dataset 2 (Figure 4.13C) and it is 
therefore hard to determine what the best representation is. It was found that ECn does not 
influence the results in Dataset 2, but as this phenomenon is not detected in Dataset 2 ECn can 
still be the cause. One of the reasons to create this model, instead of investigating ECg, was 
that the evening peak of ECn is influenced by PV. During summer, PV production can easily 
continue until 9 pm and will thus influence the evening consumption peak. For some households 
in the SSmE dataset ECn could influence PVg so that the peak seams to occur at an earlier 
point in time. Therefore it is assumed that the differences observed in Figure 4.14 are caused 
by ECn and that the results of Figure 4.14B are correct.  

Thirdly the baseload, which differs between households and potentially per day. Even 
though the results in Table 4.3 indicated that ECn is not of influence on the results of the model, 
it is estimated that the influence of ECn is larger for the SSmE dataset. As this dataset contains 
more cases than Dataset 2, it is likely that more extreme cases are present. Therefore the 
baseload will vary more than in Dataset 2 and this is of influence to the results. Presently the 
baseload does influence the results, but this is countered by a multiplication factor. However 
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this factor was designed for the cases of Dataset 2 and might thus be less applicable to the 
SSmE dataset.  
 
Overall the results seem to be a fair representation of the real PV. The calculations are 
inaccurate for cloudy days with more intermittent irradiation, but when averaging situations the 
extreme cases cancel out one another. The three indications why the model functions sub-
optimal do not provide enough ground to finally determine if the model is useful for the clustering 
analysis. A major difficulty is that the calculated PV represents both real data and noise. With 
noise is meant non meaningful data that obscures the real data. At the points where the 
calculations are inaccurate they add noise to ECn_calc. This noise is expected to influence the 
clustering analysis, and the regression analysis. As is explained in Chapter 5, a clustering 
method groups similar cases. Noise is expected to be a random factor, which can cause cases 
to be assigned to the wrong group (cluster). In the final regression analysis the noise might 
therefore prove a problem. First the clusters might be suboptimal, some cases can be assigned 
to the wrong cluster. Secondly the noise will conceal the already difficult to determine effects of 
household size and other factors.  
 Determining if the results prove to be accurate will however still be done on the basis 
of the regression. The uncertainties about the accuracy of the model results are taken into 
consideration. Therefore clustering and regression analysis are done on the basis of both total 
power (Pelec) and ECn_calc. This is elaborated on in Chapter 5 and 6. 
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5 Clustering 

The goal of this chapter is to create multiple groups of the SSmE participants. The groups 
should consist of households of which the electric load is similar. In the analysis two separate 
clustering iterations are executed. The first on the total electric load (Pelec) and the second on 
the calculated net electricity consumption (ECn_calc) as was determined in previous chapter. 

In discriminating between different residential load profiles it is chosen to use clustering 
as an approach to group the household profiles which are most similar. Clustering has been 
used by scholars for varying purposes, including electric load profile grouping. Sharma and Sing 
(2014) for example cluster households on the basis of their contribution to peak load. 
Waczowicz et al. (2015) use clustering to investigate the effects of price incentives for 
households. Finally Rhodes, Cole, Upshaw, Edgar and Webber (2014) cluster households for 
a purpose similar to that of this research. They aim to correlate different profiles with findings of 
survey data from the respective households.  
 The first paragraph shortly explains the data which is used. The next paragraph 
discusses the K-means clustering method. Paragraph 5.3 elaborates on the specific method of 
approach, including the two separate iterations. Subsequently Paragraph 5.4 discusses the 
results of the clustering method. And finally Paragraph 5.5 concludes about the findings of this 
chapter. In the previous chapter the method and results for calculating the PV production per 
household were discussed. The results of previous chapter make it possible to determine 
clusters on the basis of both Pelec and ECn_calc. As ECn_calc is not a perfect representation of ECn 
the conclusion paragraph aims to support claims towards which iteration is most viable for the 
analysis in Chapter 6.  

 Data  

Dataset 1 is used in this chapter (Appendix I). Of the full data range, this chapter will primarily 
use the months April to June 2015, because of availability of the data. As was discussed in 
Chapter 4.1, the data of this period was most completely available at the time of this analysis. 
When different data is used this will be mentioned explicitly. In the months April to June data of 
100 households was gathered. This data consists of 8.736 data points per household. Every 
data point is a measurement of the electric load in the past 15 minutes. The different variables 
are listed in Table 5.1. Next to the listed values also ‘Not a Number’ (NaN) values are present 
in the data. This happens because of errors in the communication of the data from the source 
to the database. 

Table 5.1: Variables of Dataset 1. 

 
Of the 100 households there are four relatively large consumers, which have been identified as 
companies. These cases are filtered out of the dataset, as the goal of this research is to 
determine characteristics for the households. Therefore the analysis is based on 96 cases. 

Variable Value Unit 

Pelec -3221 till 8218 Wh/15min 
PVcalc  Wh/15min 
Weather_predicted 0 till 884.6 J/m2 
Weather_measured 0 till 884.6 J/m2 
ECn_calc (Pelec + PVcalculated)  Wh/15min 
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 K-means clustering 

To understand the method of approach, it 
is necessary to expatiate on the clustering 
approach. Therefore, the K-means 
approach is explained. 
 
K-means clustering is an unsupervised 
method to group data. It is unsupervised 
as the algorithm assigns cases to clusters 
without intervention of the researcher 
(supervision). The assignment of cases to 
clusters happens on the basis of a variable 
‘distance’ (Jain, 2010). This distance can 
be defined in multiple ways, for example 
on the basis of geographical distance. This 
is illustrated in Figure 5.1, where four different images show what happens to data point 
assignment for different numbers of clusters. In Figure 5.1 the geographical distance (location 
of the data point in the image) is the distance on which the data assignment to the respective 
cluster takes place. In a) the original data is shown, b) shows the data points assigned to two 

different groups,  & Δ. This Figure shows that the two clusters consist of data points which are 
located close to each other relative to the data points of the other cluster. This is again shown 
in c) and d), where the classification of d) is a bit more straight forward. 

For K-means clustering it is necessary to have as input the final total number of clusters 
(K). This is necessary because the algorithm minimizes the within cluster squared error (Jain, 
2010), resulting in the optimal number of clusters always being the number of data points, if the 
number of clusters is not specified. The total sum of squared error can be calculated with 
Equation 5.1 (Tan, Steinbach, & Kumar, 2005). The total sum of squared errors (SSE) is the 
sum of the errors for all K clusters. The error of a specific cluster is the sum of the squared 
distance between ci, the cluster centroid (mean for K-means) and all the x, the data points of 
that specific cluster. 

Looking to Figure 5.1 the squared error from the cluster center is larger in (b) than it is 
in (d). The squared error will reduce with every new cluster, until every data point has its own 
cluster. There are algorithms which can help in determining the optimal number of clusters, but 
in most of the literature a choice for the number of clusters is a rational decision of the 
researcher.  
 

𝑆𝑆𝐸 = ∑ ∑ 𝑑𝑖𝑠𝑡(𝑐𝑖 , 𝑥)2
𝑥∈𝐶𝑖

𝐾
𝑖=1     Equation 5.16 

* x = a datapoint (object) * Ci = the ith cluster 
* ci = the centroid of cluster Ci * K = the number of clusters 
 

When deciding the number of clusters K, it is important that 
every new cluster represents something different than the 
other clusters already do. Determining if a cluster represents 
‘something different’ requires the insight of the researcher 
and is therefore a subjective task. This task can be made 
somewhat more objective by determining the total SSE and 
plotting it as is shown in Figure 5.2. The angle of the SSE plot 
shows how much the SSE decreases on the creation of an 
extra cluster. It is possible to determine K on the basis of the 
slope. When the slope becomes significantly flatter it means 
that the value of an additional cluster is low. For the example 
of Figure 5.2 this would be either 5 or 10 clusters. Important 
to note is that this method still uses the researcher’s 
interpretation of when the SSE stops decreasing significantly 
to determine the final number of clusters. 

 
6 Source of the equation is: Tan, Steinbach and Kumar (2005) 

Figure 5.1: Different ways of clustering the same points, taken from 

Tan, Steinbach and Kumar (2005) 

Figure 5.2: Total SSE example taken 

from Tan, Steinbach and Kumar (2005) 
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 After choosing K the clustering 
starts with an initialization step. This is 
shown in Figure 5.3a, where ‘+’ shows 
three randomly chosen cluster centers. All 
data points are assigned to one of these 
three cluster centers and together form a 
cluster. In the example of Figure 5.3 the 

clusters are indicated with ‘Δ’, ‘’ and ‘o’. 

The initialization is important for the 
remainder of the clustering process, as is 
illustrated in Figure 5.4. A sub-optimal 
initialization leads to a sub-optimal cluster 
division. The final cluster division is sub-
optimal, as the within cluster variation in 
Figure 5.4d is higher than that in Figure 
5.3d.  
 A disadvantage of the random 
initialization is that it can be wrong. For the 
example of Figure 5.3 and Figure 5.4 it is 
not that hard to see that something went 
wrong, however for other cases this can be 
much harder. Again the SSE can indicate 
the ‘best’ solution. The SSE of Figure 5.3 
will be (significantly) lower than that of 
Figure 5.4.  

After initialization the ‘optimal’ clustering is achieved by iteration. This is illustrated in 
Figure 5.3 and Figure 5.4 b, c & d. Every consecutive iteration step consists of assignment of 
data points to the appropriate cluster and recalculating the new cluster average. When the new 
cluster averages are the same as those of the previous iteration step the clustering algorithm is 
finished.  

Assignment of data points to a cluster centroid is done by looking to the centroid closest 
to the data point. The algorithm can calculate the distance on multiple premises, examples are 
Manhattan, squared Euclidean, cosine and Bregman divergence (Tan, Steinbach, & Kumar, 
2005). Very often the distance is calculated on the basis of squared error (Kwac, Flora, & 
Rajagopal, 2014; Jain, 2010) and therefore this research also applies this measure for the 
distance. 

 Method 

The previous paragraph described K-means clustering in general. This paragraph elaborates 
on the K-means clustering, as it is applied in this research. The data, manipulations of the data 
and relevant choices made towards the clustering of the SSmE households are elaborated on. 
The goal of the clustering of the SSmE households is to find groups of households with different 
electric load profiles. These different groups are related to differences in their household and 
inhabitant characteristics. The main focus is towards the peak load contributions of the different 
load profile types.  

In order to get sensible load profile clusters it is chosen to cluster the households on 
the basis of their average daily load profile. Another reason to choose average daily load profiles 
is that calculated net electricity consumption (ECn_calc) is more accurate when using the daily 
average profile. The total load profile of the period April till June 2015 is averaged to form this 
average daily load profile. As was discussed in previous chapter the clustering is applied 
separately to the total electric power (Pelec) and ECn_calc. This choice was made because the 
accuracy of ECn_calc could not be checked thoroughly enough in Chapter 4.  

Preparations for the K-means clustering 

Cluster assignment is done on the basis of minimizing the sum of squared error (SSE) from the 
cluster mean. The SSE can be calculated with Equation 5.1. The data consists of 96 

Figure 5.3: Clustering iteration to define three clusters, taken from Tan, 

Steinbach and Kumar (2005) 

Figure 5.4: Clustering iteration with sub-optimal initialization, taken from 

Tan, Steinbach and Kumar (2005) 
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households, for which 91 days of 15 minute data; 8736 data points per household is present. 
Clustering is done on the basis of an average day; 96 data points. When defining the average 
daily load profiles, missing values are averaged out. This is chosen, partly because of the results 
of the PV filter, which are more accurate when averaged. Furthermore it is assumed that the 
daily profile provides enough information about the peak contribution of the different load profile 
clusters. Lastly the characteristics which are related to the clusters do not change (a lot) 
between days either; number of tv’s, the type of the house and the number of occupants is 
expected to be constant. Figure 4.15 shows the average daily Pelec (Figure 4.15A) and ECn_calc 
(Figure 4.15B) load profiles for all households (gray plots).  
 The last modification which is done to the data is that the data is normalized. 
Normalizing of the load profile data was also done in related inquiries (Kim, Ko, & Choi, 2011; 
Chicco, 2012; Rhodes, Cole, Upshaw, Edgar, & Webber, 2014; Kwac, Flora, & Rajagopal, 2014; 
Waczowicz, et al., 2015) and results in all load profiles having the same magnitude. 
Subsequently the differences of timing the peak load can be compared. The goal of this 
research is not to investigate different peak load magnitudes, but investigate if social adaption 
DSM can aid in shifting the peak load to other moments in time, subsequently reducing the 
community load. Normalizing the profiles ensures that differences between profile shapes are 
due to the timing of loads opposed to differences because of magnitudes of load.  
 The electric load profiles are divided by their absolute maximum, as for some 
households the production peak exceeds the consumption peak. For the individual households 
the load profile peaks are thus either 1 or -1.  

Determining the best suited clustering division 

As was discussed in the previous paragraph the clustering is done by first determining the 
number of clusters ‘K’. Next the appropriate initialization step is chosen, to finally get the 
appropriate cluster division. These steps are taken for both the Pelec and ECn_calc data. 
 In determining which of the clustering divisions is the best division the SSE is used 
(Equation 5.1). In determining K, this research plots the SSE for K ranging from 2 till 15. The 
influence of the initialization is taken into consideration in determining the appropriate K. This is 
done by taking the minimum SSE for 50 iterations per K clusters. Doing 50 iterations is expected 
to give enough evidence for the ‘best’ clustering division. For example 2 clusters are generated 
50 times giving different SSE values, of which the minimum is used to determine the appropriate 
K. After choosing K, again 50 iterations for this specific case are done to determine the best 
clustering division.  

 Results 

In this paragraph the results of the cluster calculations are discussed. The paragraph discusses 
the results for Pelec and ECn_calc. Pelec is ECg – PVg for the SSmE dataset. The results section 
starts with determining the number of clusters ‘K’, according to the methodology as described 
in previous paragraph. Next the best case is determined by calculating 50 iterations for the 
chosen K and selecting the case with the minimum SSE. Finally the cluster average profiles will 
be discussed. To control cluster rigidness, the clusters are recalculated including only the 
households which responded to the questionnaire. The next paragraph will conclude about the 
validity of the results.  

Determining the number of clusters 

The minimum SSE is plotted in Figure 5.5. As was described in the methodology paragraph for 
every number of clusters from 2 – 15 there were 50 iterations to determine the minimum SSE. 
These 14 values of SSE are plotted in Figure 5.5, for both Pelec and ECn_calc. 

The plot of Figure 5.5 is investigated according to the description of Paragraph 5.2. The 

final number of clusters is determined by considering the steepness of the curve and the Δ 

steepness. The steepness of the curve indicates the marginal benefit of adding a new cluster, 
the Δ steepness indicates the benefit of choosing that exact number of clusters. Ideally the curve 

would be steep with a very clear point from where it gets gradual (high Δ steepness). When 

investigating the minimum SSE plot of Pelec, the angle of the plot together with the visible 
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bending of SSE suggests that the appropriate number of clusters is either 5, 6 or 9. Six clusters 
is chosen as a result of the consideration of these two characteristics. For ECn_elec either 3, 4 or 
6 clusters can be chosen. Four clusters is chosen as the final number of clusters, again from 

considering the graph steepness and Δ steepness.  

 

Determining the best case 

In Figure 5.6 the distribution of the SSE for 50 iterations for the chosen number of clusters is 
shown for Pelec (Figure 5.6 top) and ECn_calc (Figure 5.6 bottom). This figure shows the 
distribution of final SSE of 50 iterations for six and four clusters respectively. From the 
distribution it is concluded that the case of minimum SSE is not an anomaly resulting from a 
very specific initialization, but a regular occurrence. For the Pelec cluster division, the random 
initialization leads in approximately 26% of cases to this optimal cluster division. For the case 
of ECn_calc the cluster initialization results almost always (92% of cases) in the same (and 
optimal) cluster division. Therefore it is concluded that the cluster divisions which are picked 
are the optimal divisions for the available data.  

SSmE cluster load profiles 

Now that the clusters are created, it is possible to illustrate their load profiles. This is done in 
Figure 5.7 & Figure 5.8, where the cluster load profiles of respectively Pelec and ECn_calc are 
plotted. Both Figures also show the number of households that is assigned to the cluster. When 

Figure 5.5: Minimum SSE for different K clusters for Pelec & ECn_calc 
Figure 5.6: The distribution of SSE for 

50 iterations for A) PVelec and B) 

ECn_calc 

Figure 5.7: Cluster results of Pelec including the number of cases per cluster 
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investigating the profiles it seems that they are indeed different from each other. This indicates 
that the clustering algorithm succeeded in dividing different types of load profiles into different 
clusters. It is exactly in this, where the disadvantages of clustering become apparent. As 
clustering is an unsupervised method, it is difficult to understand why certain cases are grouped 
together. The cases in one cluster are according to the SSE different from the cases in the other 
clusters. Furthermore, determining if the final number of clusters is ‘correct’ is also not possible. 
Do Pelec Cluster 3 & 5 indeed differ from each other? According to the decreasing SSE of Figure 
5.5 they do, but looking to Figure 5.7 they seem to be the most similar of the six clusters. 
Furthermore, for Pelec one can stress that six clusters is too much, as this resulted in two small 
clusters. However these two clusters (#4 & #6) have, during the afternoon, a profile which differs 
from those of Cluster 2, 3 & 5.  

For the ECn_calc clusters it could be stressed that there might be more than four clusters 
to be found, as the cluster load profiles seem to be equally different from each other. However, 
again Figure 5.5 was the best lead to determine the final number of clusters. Another problem 
with these ECn_calc clusters is that they do not represent a typical Dutch load profile, as the one 
illustrated in Figure 2.2. Cluster 3 is most similar to this typical Dutch load profile. But when 
investigating if this cluster includes the same cases as Pelec Cluster 1 it was found that both 
ECn_calc Cluster 3 and Cluster 1 contain these cases. The ECn_calc data is the result of the PV 
filter and it is thus assumed that this difference is caused by the errors as explained in Chapter 
4.  

The discussion chapter elaborates onto the difficulties of clustering, but first the clusters 
are calculated one final time. This final clustering iteration is done on a sub-dataset of the 
original data and helps to investigate the rigidness of the clusters. It was found that not every 
household responded to the questionnaire. Only 61 out of 96 households responded and 
therefore it is chosen to execute a new clustering iteration. This iteration is done on the basis 
of the households which did respond to the questionnaire. If the clustering approach is rigid, the 
new clusters of the sub-dataset should represent the old clusters. Thus the new cluster load 
profiles should not change too much, it is assumed that clustering is rigid for this data if it is 
possible to relate the new cluster load profiles to the old cluster load profiles.  

Final SSmE cluster based on household characteristics data 

In the next chapter the clusters are related to household characteristics. The available 
household characteristics data is limited, as only 61 households responded to the 
questionnaire. This means that not all the households present in the clusters can be related to 
their respective household characteristics. Removing about 1/3th of the data might influence the 
cluster composition and thus reduce the chances to find relations. Therefore new clusters are 
calculated for all households of which questionnaire data is available. 
 It was found that for both Pelec and ECn_calc the new optimal number of clusters is 4. This 
new cluster division compared to the old one is illustrated in Table 5.2 and Table 5.3. These 
tables show that the majority of households remain grouped together, even when one third of 

Figure 5.8: Cluster results of ECn_calc including the number of cases per cluster 
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the data is removed from the clustering process. It is interesting to find that the clusters remain 
almost identical. This shows that the clustering methodology is rigid. Furthermore, it indicates 
that the missing cases of the characteristics data are randomly spread throughout the 
population. If this would not have been the case, at least one of the clusters should have 
changed significantly. For Pelec the final number of clusters reduced from six to four. This was 
to be expected, as the three smallest clusters contained only very few cases. Cluster 2 and 
Cluster 6 got grouped together and Cluster 4 was divided among Cluster 1 and the combination 
of Cluster 2 and 6.  
 

Table 5.2: Crosstab of new cluster division vs old cluster division of Pelec 

New\Old Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Total 

Cluster 1 12   1   13 
Cluster 2  3  1  4 8 
Cluster 3   12   1 13 
Cluster 4  3   24  27 

Total 12 6 12 2 24 5 61 
 
 

Table 5.3: Crosstab of new cluster division vs old cluster division of ECn_calc 

New\Old Cluster 1 Cluster 2 Cluster 3 Cluster 4 Total 

Cluster 1 16  3  19 
Cluster 2 1 14   15 
Cluster 3   12  12 
Cluster 4    15 15 

Total 17 14 15 15 61 
 
 

 
That the clusters did not change a lot is also supported with Figure 5.9, where the new cluster 
load profiles are plotted. When comparing this figure to Figure 5.7 and Figure 5.8, it can be 
seen that the profiles changed slightly, but are in general similar to the original load profiles.  

 Conclusion 

In this chapter the data, methodology and results for the K-means clustering algorithm were 
described. The results of this chapter are four separate cluster divisions with different load 
profiles per cluster, of which two pairs of load profiles are similar. The different load profiles are 
a result of the data which was clustered, Pelec and ECn_calc. The pairs of similar load profiles are 

Figure 5.9: Final household average load profiles over the period from April – June for the 61 households of the household characteristics data 
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a result of a clustering iteration on the sub-dataset of households from which questionnaire data 
is available. The final goal is to use these clusters and their corresponding load profiles to 
determine which household characteristics relate to differences in the electric load of the SSmE 
households.  
 The Pelec clustering resulted initially in six and finally in four clusters. For the six cluster 
case, five of the clusters consist of households with installed solar PV, the last cluster consists 
of households without PV. The five clusters with installed solar PV differ in the ratio of PV power 
versus consumption power, where cluster 6 has the highest (relative) consumption power. 
Cluster 3 and 5 differ mainly in the period where they return power to the electric grid. Cluster 
5 returns power earlier on the day than cluster 3 does. Cluster 2 and 4 have an equal maximum 
power, but differ greatly in their return power, where cluster 4 has the lowest return power of all 
five clusters with installed PV power. The same differences apply for the Pelec clustering resulting 
in four clusters, the only difference is that Cluster 4 and 6 were divided among other clusters, 
as was shown in Table 5.2. 

The ECn_calc clustering resulted in four clusters. Even though the profiles were 
averaged, the final average load profiles are still of an incidental nature. The profiles consist of 
far more peaks than the profiles of the Pelec clusters do. The profiles in Figure 5.8 differ from 
that of the average Dutch electrical household load. As was discussed the average Dutch 
household load is illustrated in Figure 2.2, only Cluster 3 approaches this profile. All of the 
ECn_calc cluster load profiles peak at different times, where an average Dutch load would peak 
around 6:00 – 8:00 am and 6:00 pm. It is not very likely that the SSmE participants differ that 
much from the average Dutch household. Therefore, it is suggested that the PV filter did indeed 
generate noise, as was suspected already in the Chapter 4.  
 To determine if the cluster results are sensible, they are both used in the regression 
analysis of the next chapter. It is however important to note the suspicion that the ECn_calc 
profiles contain a fair amount of noise and might therefore lead to false results.  
 
Overall the clustering method applied in this chapter worked fine. Using the SSE as a measure 
to determine the number of clusters turned out to be still a bit subjective, but to a lesser extent 
than investigating results of different number of clusters in order to determine which results are 
most sensible. Especially for the ECn_calc case the SSE method was useful, as the cluster 
profiles are not shaped as the average Dutch household load. This unexpected shape made it 
less obvious to determine if a new cluster makes sense.  
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6 Household characteristics  

Determining which household characteristics relate to the electric load profile can be useful for 
demand side management (DSM) peak shaving programs. DSM often aims to create 
differences between households to decrease the community peak consumption. For example, 
instead of household X and Y both cooking and washing at 18:00 DSM aims to have X wash 
from 16:00-18:00, let both cook from 18:00-19:00 and Y wash from 19:30-21:30. The household 
characteristics which relate to differences in peak load contribution can help DSM to focus 
intervention programs on the characteristics which relate to peak load consumption. For 
example household composition, income and number of televisions were found to explain 
variations in related studies (Yohanis, Mondol, Wright, & Norton, 2008; Rhodes, Cole, Upshaw, 
Edgar, & Webber, 2014).  
 
The goal of this chapter is to determine the relevant household characteristics for the SSmE 
participants. A regression algorithm is applied to relate household characteristics to the cluster 
results of the previous chapter. The goal of this regression is to determine the relation between 
the characteristics and the different cluster load profiles in order to conclude which 
characteristics relate to peak load contributions.  
 In order to determine relevant household characteristics literature is studied. Yohanis, 
Mondol, Wright & Norton (2008) and Rhodes, Cole, Upshaw, Edgar & Webber (2014) 
determined household characteristics relevant for electric load profiles. This chapter starts with 
summarizing the characteristics found in those two inquiries. The next paragraph discusses the 
household characteristic data. A questionnaire was set out to gather household characteristic 
data, however the response was very limited (10 respondents), therefore data of Sedee (2015) 
is used. This data contains more cases (65 respondents) and fortunately contains the majority 
of the relevant household characteristics. Paragraph 6.3 describes the regression and the 
outputs of the regression. Finally the conclusion paragraph elaborates on the findings.  

 Characteristics 

This paragraph summarizes the characteristics found by Yohanis, Mondol, Wright & Norton 
(2008) and Rhodes, Cole, Upshaw, Edgar & Webber (2014). These two inquiries are the basis 
for the characteristics which are investigated in the regression.  
 Important to consider is the difference between the inquiry of Yohanis et al. (2008) and 
Rhodes et al. (2014). The first inquiry investigated average electrical load profiles which were 
generated on the basis of ‘relevant’ household characteristics. The second inquiry determined 
household clusters and related household characteristics to them. The main difference is that 
Yohanis et al. (2008) used a top down approach from characteristics to load profiles and Rhodes 
et al. (2014) used a bottom up approach from load profile groups to characteristics. The 
approach of Rhodes et al. is similar to that applied in this research. Therefore the characteristics 
found by Rhodes et al. will form the basis of this research, adding to this with some of the 
characteristics of Yohanis et al.  
 
An overview of all characteristics that were discussed by Rhodes et al. & Yohanis et al. can be 
found in Appendix II. The characteristics which were found significant by Rhodes et al. are: 
Solar PV system, Smart thermostat, Number of computers etc., Electric vehicle, Work from 
home, level of education, income and hours spent watching tv. All the characteristics found by 
Yohanis et al. were of ‘significant’ meaning. These characteristics were used to group cases 
and subsequently plot the load profiles. Thus the households are grouped differently for every 
variable and when the groups’ load profiles differ from each other, the characteristic was marked 
to be of significant influence.  
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 Data 

This research aimed to gather data with a questionnaire. However there were only ten 
respondents, so that this data could not be used. Therefore this research relies on earlier 
gathered data. When the SSmE pilot started a questionnaire was set out by Sedee (2015). This 
questionnaire included a lot of the characteristics which were found to be relevant in the 
inquiries of Rhodes et al. (2014) and Yohanis et al. (2008). The dataset contains 65 cases of 
which 61 are participants of the SSmE pilot. The variables, their meanings are occurring values 
are listed in Appendix III.  

 Regression 

In this paragraph the aim is to couple the clusters which were constructed in previous chapter 
to the household characteristics from the questionnaire. This is done using the logistic 
regression function of Stata 13. In order to understand the outcomes of the regression, this will 
shortly be discussed in the regression sub-paragraph. Next the results sub-paragraph 
elaborates on the findings of the regression. 

Regression 

There are multiple ways to execute a regression. Frequently applied methods are a ‘linear’ or 
‘logistic’ regression. In general a regression aims to predict the value of dependent variable ‘Y’ 
by determining the influence of different independent variables (Blumberg, Cooper, & Schindler, 
2008). A linear regression formula is illustrated in Equation 6.1. A logistic regression formula is 
illustrated in Equation 6.2. Both regressions are illustrated in Figure 6.1, where the blue dots 
represent the original data and the line represents the corresponding regression formula. For 
the regression of this paragraph, the example of Figure 6.1B is more suited. This is because 
the goal is to predict if a case belongs to either Cluster 1 or Cluster 2. The goal is not to predict 
a continuous scale, but a discrete step. 
 

 𝑌 = 𝑎 + 𝑏1𝑋1 + 𝑏2𝑋2+. . +𝑏𝑘𝑋𝑘 + 𝑒   Equation 6.17 

 Y =
𝑒𝑎+𝑏𝑋

1+𝑒𝑎+𝑏𝑋      Equation 6.28 

 

As the logistic regression is merely a tool for this research it will not be extensively explained. 
Only the most important components are explained, in order to understand the choice to include 
or drop certain variables from the analysis. The most important components are ‘P>|z|’ and 
‘Coef.’. ‘P>|z|’ indicates if the influence of an independent variable is found to be significant. 
Normally a value smaller than 0.05 is assumed to be significant (enough). This then means that 

 
7 Source: (Blumberg, Cooper, & Schindler, 2008) 
8 Source: (Pennsylvania State University, 2015) 

Figure 6.1: A) Linear regression example (shark, 2015)  B) Logistic regression example (Silverman, 2015) 
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the influence of the variable for the predictor ‘Y’ is very likely true (95% confidence). ‘Coef.’ 
indicates the influence of the independent variable on the value of the dependent variable. A 
positive value for Coef. indicates that a larger value of the independent variable relates to the 
dependent variable, where a negative value indicates that a smaller value of the independent 
variable relates to the dependent variable. For example if income has a positive relation, this 
means that a higher income increases the likelihood that a household is assigned to the cluster.  

The way the regression is used in this research is to first include all the relevant 
variables to predict the cluster to which the household is assigned. The variables which are far 
from significant (‘P>|z|’ > 0.6) in this first regression are excluded. The regression is then re-run 
with the remaining variables, excluding the variables which have a significance level of ‘P>|z|’ 
> 0.3. Then the regression is run again and all variables with ‘P>|z|’ > 0.1 are excluded. Finally 
the regression is run to check if the remaining variables did not lose their significant influence 
(P>|z| > 0.05).  

In Figure 6.2 an example of a logistic regression result of Stata 13 is visualized. In this 
case the variable P4Net24 was predicted with the variables Q7_3, Q7_4 etc. When looking to 
the significance of the different variables, it is found that only PV and _cons are of significant 
influence. PV is one of the independent variables, _cons is a value for ‘a’ in Equation 6.2. One 
other relevant component of the regression, as depicted in Figure 6.2, is the Number of obs. 
This value shows how many cases were included in the regression. The next step for the 
regression of Figure 6.2 is to exclude Q7_3, Q7_5 and Q7_9_5. For this regression the result 
was that none of the variables remained of significant influence.  

With the logistic regression method as described above, there are multiple ways to find 
relations between the household characteristics and load profile clusters. There are for example 
different ways to define the dependent variable, two of these methods are investigated in this 
research. As the goal is to find which characteristics relate to the different load profiles, this 
research chooses to use the load profiles as dependent variable. The first method relates the 
household characteristics to a cluster with respect to the remaining cases. Ideally, results are 
found with this first method, as it is then possible to state that Cluster X consists of households 
with this specific characteristic. However, as the amount of cases is limited and the relations 
are in general difficult to find (Rhodes, Cole, Upshaw, Edgar, & Webber, 2014), the first method 
might find only few or no relations at all. Therefore a second method is also applied, this method 
relates the household characteristics between two clusters. Results from this second method 
will show that Cluster X consists of households with a specific characteristic more than Cluster 

Figure 6.2: Example of a logistic regression executed with Stata 13 
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Y. The second method is less desirable, as the final result is a matrix of relations between the 
different clusters. This matrix is still difficult to interpret and might not be conclusive, as a 
household characteristic can be significant for more cases. Both methods are worked out in 
Table 6.1. Note that for both methods a case belongs either to the left cluster # or the right 
cluster #(s). 

Table 6.1: all the regression options that are tested for the different methods 

* the household characteristics should predict whether a case belongs to the left cluster vs the right cluster(s) 

Method 1 Method 2 

1 vs 2 3 4 5 6 1 vs 2, 1 vs 3, 1 vs 4, 1 vs 5, 1 vs 6 
2 vs 1 3 4 5 6 2 vs 3, 2 vs 4, 2 vs 5, 2 vs 6 
3 vs 1 2 4 5 6 3 vs 4, 3 vs 5, 3 vs 6 
4 vs 1 2 3 5 6 4 vs 5, 4 vs 6 
5 vs 1 2 3 4 6 5 vs 6 
6 vs 1 2 3 4 5  

 
A difficulty with the regression analysis is the small amount of cases. Only 61 

participants responded to the questionnaire, as the households are separated in different 
clusters, even fewer cases remain available for the analysis. A general accepted fact among 
scholars is that fewer cases makes it harder to find significant results in regressions. With fewer 
cases it is thus less likely that relations are found, even if these relations are available in the 
data.  
 In the beginning of Section A it was suggested that relations are for the case of SSmE 
harder to find, as solar PV irradiation has a large influence on the data. For this reason the PV 
filter was developed, in order to decrease the influence of PV and increase the likelihood to find 
other relations. It is therefore expected that with the ECn_calc clusters more relations can be 
found than with the Pelec clusters. To improve the chance to find relations and simultaneously 
check the rigidness of the clustering methodology, the clusters constructed with the sub-dataset 
are also tested. Both Pelec and ECn_calc are thus used. Even though there was not much 
difference between the full data and sub-dataset clusters, the few cases might result in different 
findings because of the small number of available cases. Finally the regression analysis helps 
to evaluate the quality of the PV filter. 
 
The available data is that of different household characteristics and two pairs of two different 
cluster divisions. The number of cases per cluster, is illustrated in Table 6.2. As is illustrated in 
this table, especially the full data Pelec clusters consist of a very limited number of cases.  
 

Table 6.2: Number of cases for the different clusters of the two clustering divisions.  

* 1st value is that of the remaining cases after exclusion of the non-responders from the questionnaire 

** 2nd value is that of the original cases 

 Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 

Full data       
Pelec clusters 12 / 22 6 / 13 12 / 17 2 / 4 24 / 35 5 / 5 
ECn_calc clusters 17 / 33 14 / 21 15 / 22 15 / 20   
Sub-data       
Pelec clusters 13 8 13 27   
ECn_calc clusters 19 15 12 15   
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Results 

This sub-paragraph discusses the results 
of the regression methods as described 
above. As was discussed for both Pelec 
and ECn_calc two different methods area 
applied. Furthermore method one is also 
applied to the clusters of the sub-dataset 
which contains only the data of the 
households which responded to the 
questionnaire. This is illustrated in Figure 
6.3. 
 

Pelec Clusters Method 1 
Relevant characteristics that were found 
are the number of children, the 
occupation of worker and PV. PV is a 
perfect predictor for Cluster 1 versus the 
other clusters. The households in Cluster 
1 have no installed solar PV, where the other 
households all have installed solar PV. Thus if the 
variable PV is zero the household was assigned to 
Cluster 1, otherwise the household was assigned 
to any of the other clusters. A perfect predictor 
cannot be used in a regression model, as the 
predictive value of this variable is infinite. Therefore 
Stata 13 excludes the variable from the regression 
model. Cluster 2, 4 and 6 did not provide significant 
results. It is assumed that these clusters are too 
small (too few cases) to find relations. The results of the other clusters are listed in Table 6.3, 
Table 6.6 and Table 6.4. 

The tables show which variable was found to be significant for which cluster case. They 
also show the other important regression components. For example the number of observations 
shows that there are variables with missing data, which results in a reduction of the number of 
cases which can be used in the regression. Overall, the models are not very good, as only very 
few relations are found and ‘Worker’ is technically not of significant influence (P>|z| > 0.05). 
However the results do show that there are relations between the clusters and household 
characteristics. Elaboration on the meaning of these results is done in the conclusion 
paragraph. 

 Pelec Clusters Method 2 
The results for the second method are 
displayed in Table 6.5 and Table 6.7. There 
were far more regressions involved in the 
second method. In total 14 regressions were 
done. Even though, the results of this method 
are even slimmer than those of Method 1. It is 
assumed that this is the result of again fewer 
cases included in the regression, as can be 
seen behind the ‘number of obs’ variable. For 
Method 2 again PV predicts perfectly the 
relation between Cluster 1 and all other 
clusters (e.g. Cluster 2, 3, 4, 5 & 6). PV could 

Table 6.3: Pelec Regression results Cluster 1 

Method 1. 

Variable Value Coef. 

# children P>|z| 0.015 1.17 
Worker P>|z| 0.054 -1.88 
_cons P>|z| 0.003 -1.37 
Number of obs 55  
Pseudo R2 0.1933  

 

Table 6.6: Pelec Regression results Cluster 3 Method 1. 

Variable Value Coef. 

Worker P>|z| 0.052 1.33 
_cons P>|z| 0.003 -2.08 
Number of obs 61  
Pseudo R2 0.0666  

 

Table 6.4: Pelec Regression results Cluster 5 Method 1. 

Variable Value Coef. 

PV P>|z| 0.001 -0.004 
_cons P>|z| 0.003 -3.34 
Number of obs 61  
Pseudo R2 0.2576  

 

Figure 6.3: Overview of regression methods applied to different clustered data 

Table 6.5: Pelec Reg results Cluster 1 vs 5 Method 2. 

Variable Value Coef. 

# children P>|z| 0.055 0.89 
_cons P>|z| 0.017 -1.11 
Number of obs 32  
Pseudo R2 0.1020  

 Table 6.7: Pelec Regression results Cluster 5 Method 1. 

Variable Value Coef. 

PV P>|z| 0.044 -0.006 
_cons P>|z| 0.003 -2.778 
Number of obs 29  
Pseudo R2 0.2419  
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thus not be included in the models for Cluster 1. Besides PV there Is only a relation of the 
number of children between Cluster 1 and Cluster 5. This relation agrees with the relation found 
with the first method.  
 

ECn_calc Clusters Method 1 
When testing the relations for the ECn_calc clusters, only results for Cluster 2 and 3 are found. 
The results are shown in respectively Table 6.8 and Table 6.9. Again the results are limited. 
Important to consider for these results is that the number of residents and number of children 
has an opposite relation. The value of Coef. is negative for number of children and positive for 
number of residents. This is odd, as in general an extra child means also an extra resident. This 
seems to be caused by an interaction between the two variables, which is confirmed by a high 
correlation (0.69). Therefore a new variable is created and used in this regression; the number 
of adults in the household. This variable has a P>|z| of 0.063 and a Coef. of 0.82. Thus the 
number of adults is likely of influence on Cluster 3. However a value of 0.063 is not low enough 
to prove significance and therefore the relation is not listed. 

 

ECn_calc Clusters Method 2 
The relations found for the different ECn_calc clusters according to method 2 are shown in Table 
6.10. PV is the only significant predictor, which is surprising as ECn_calc is the result of the PV 
filter. After investigation it is found that PV is significant because the households without PV 
installations are not spread equally over the clusters. Cluster 3 and 4 contain the majority of the 
households without PV installations. Therefore a household is more likely assigned to Cluster 
2 when there is a PV installation present. It seems thus that PV can not be included in this 
regression anymore, the PV filter seems to have removed the meaning of PV out of the 
clustering. It is thought that however PV does not have a real meaning for ECn_calc it is still of 
influence. It is however not possible to control this, as there might be intervening variables which 
cause the households without PV installations to still be grouped together.  

Table 6.10: Relation between the different ECn_calc Clusters 

 Cluster 1 Cluster 2 Cluster 3 Cluster 4 

Cluster 1 X No relation No relation No relation 
Cluster 2  X PV PV 
Cluster 3   X PV 
Cluster 4    X 

 

Pelec & ECn_calc sub-dataset clusters Method 1 
Finally the regressions are re-run on the clusters which were generated from the sub-dataset. 
The results of both cases are shown in Table 6.11 and Table 6.12. First, looking to the results 
of Pelec, it is found that only the influence of #child is significant, next to PV which is again a 
perfect predictor for Cluster 1. Being a worker and the education level also seem to be of 
influence for respectively Cluster 2 and 3. However these relations do not meet the significance 
level of 0.05 (0.097 & 0.091).  

Table 6.8: ECn_calc Regression results Cluster 2 Method 1. 

Variable Value Coef. 

PV P>|z| 0.056 -0.0015 
_cons P>|z| 0.001 -2.30 
Number of obs 61  
Pseudo R2 0.0703  

 

Table 6.9: ECn_calc Regression results Cluster 3 Method 1. 

Variable Value Coef. 

#res P>|z| 0.051 0.90 
#child P>|z| 0.045 -1.43 
PV P>|z| 0.005 0.003 
_cons P>|z| 0.206 -1.47 
Number of obs 55  
Pseudo R2 0.2119  

 

Table 6.12: ECn_calc Regression results Method 1. 

ECn_calc Significant 
variable 

P>|z| Coef. 

Cluster 1 -- -- -- 
Cluster 2 PV P>|z| 0.021 - 0.002 
Cluster 3 #child 

#res 
PV 

P>|z| 0.04 
P>|z| 0.016 
P>|z| 0.009 

- 1.62 
1.35 
0.003 

Cluster 4 -- -- -- 
 
 

   

 

Table 6.11: Pelec Regression results Method 1. 

Pelec  Significant 
variable 

P>|z| Coef. 

Cluster 1 #child P>|z| 0.028 0.84 
Cluster 2 --  -- -- 
Cluster 3 -- -- -- 
Cluster 4 PV P>|z| 0.001 -0.004 
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Investigating the ECn_calc results, the same relations seem to have come up. For Cluster 
3, again number of children and number of residents are found. Therefore again the number of 
adults is the interaction variable which is of influence, P>|z| = 0.038. Thus the number of adults 
in the household is of influence, while the number of children is only of significant because of 
an interaction effect. Furthermore PV is found to be of significant influence for Cluster 2 and 
Cluster 3.  

 Conclusion 

This final paragraph concludes about the findings of this chapter. This conclusion evaluates the 
different regressions and the input data. The next chapter concludes about the previous section 
and finally Section C discusses the recommendations for future research. 
 It proved to be difficult to determine relations between the clusters and the household 
characteristics. However, due to the application of different approaches it was possible to 
determine which characteristics are more promising than others. First, this research elaborates 
on the different household characteristics in order to finally conclude about the existing and 
predicted relations. Starting with the least promising variables the assumed reasons why the 
variables are not of influence are discussed. 
 First, income was not found to have an 
impact. This is odd as income was one of the 
important predictors of Yohanis et al. (2008) and 
also Rhodes et al. (2014) found it to be of significant 
influence (during the spring). One clue why no 
difference was found is the normalization, which 
was also applied by Rhodes et al., but not applied 
by Yohanis et al. The findings of Yohanis et al. are 
illustrated in Figure 6.4, where the main distinction 
is the magnitude of the profile. The effect of 
magnitude is however filtered out by normalizing 
the load profile. Another important consideration is 
that for the SSmE data, of 61 respondents there 
were 12 not willing to answer the income question. 
The remaining cases are divided over two income 
categories; 33.000 – 50.000 and 50.000 – 100.000. It is therefore assumed that the variance is 
too low. Furthermore, Yohanis et al. found the variance to apply to income categories, which 
are below the lowest category of available SSmE data. Thus income is expected to influence 
the load profile, but more in magnitude than in timing of the peak load. Furthermore it is 
assumed that more variance exists among the lower income groups and higher incomes (> € 
33.000,-) are subjective to smaller differences.  
 Secondly, the type of house was not found to relate to the clusters. Of the SSmE 
households 70% resides in a detached home and the other 30% resides in a terrace house. 
The low variance of both the types of houses and the SSmE data is assumed to be the reason 
that this characteristic was not found to relate to any of the clusters.  
 The third characteristic is education level. Education was one of the characteristics 
approaching a significant influence in this research. The variance of education was fairly high 
and it is therefore assumed that Education is of influence, however this research included too 
few cases to prove the existence of the relation. 
 The city of residence is the fourth characteristic and was not found to relate to any 
cluster. This is explained as the cities of residence vary very little in geographical dispersion 
and do not per se relate to the urbanity of the household neighborhood. The households of 
SSmE are located in villages and countryside neighborhoods, with the largest village having 
somewhere between 5000 and 6000 residents. Therefore it can be concluded that there is no 
real variation in urbanity either. Finally, there are households which are situated in the village 
‘Haaren’, but are situated closer to ‘Helvoirt’. It is thus assumed that there is no real variance 
between the locations of the different households and the city variable is a poorly defined 
variable.  

Figure 6.4: Average electricity consumption for different levels of 

income. Taken from Yohanis et al. (2008) 
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 Fifth, the occupation of the respondent was found to be of influence. Being a worker or 
being an independent company owner was found to be of influence. This is not a surprising 
finding, as the occupation is of influence on the amount of time spent at home and thus the 
amount of energy consumed. Even though the occupation was found to be close to significant, 
it is expected that this variable could be improved. Only the occupation of the respondent to the 
questionnaire was included in the dataset. The occupation of the remaining inhabitants is 
thought to be of equal importance. The questionnaire which was defined by this research 
included questions about the remaining inhabitants, but as was discussed there were too few 
responses in order to include the newly acquired data. It is thus likely that the occupation is 
important for the electric (peak) load of a household.  
 Sixth and second last, the number of children and total residents are discussed 
together, as they were found to be of influence when coupled together. It is difficult to conclude 
about the final influence of these variables, as they correlate fairly highly (0.69). This is 
supported by the fact that they are not of significant influence by themselves. However the newly 
generated variable, number of adults, was found to be an important factor for the ECn_calc data. 
And surprisingly this relation did not show in the Pelec results. This might be caused by the 
number of children, which was found to be of significant influence for Pelec Cluster 1. PV was 
found to be a perfect predictor for Cluster 1 and it is thus likely that the number of children is 
predictive for PV. This is confirmed with a linear regression, aiming to predict the number of 
children with the PV installation. This regression found a significant influence of PV, where less 
PV predicts more children. Thus for the SSmE population a household is more likely to invest 
in solar PV, when the household is not comprised of a family with children younger than 18 
years. The influence of PV in the Pelec clusters does likely thus also influence the relation of total 
number of adults.  
 Finally PV, was found to be the most important predictor for both Pelec and ECn_calc. That 
PV is of influence for Pelec proves the initial assumption that clustering would be influenced 
heavily by the large share of PV for the SSmE households. It was however expected that 
ECn_calc would have a lower influence of PV and therefore different household characteristics 
would be found to be of influence. The correlation between PV and Pelec is 0.60, where that of 
ECn_calc with PV is 0.15. Thus the PV filter seems to have succeeded in decreasing the influence 
of PV. One reason why the influence of PV is still important for ECn_calc is that the households 
without PV installation are dispersed over the clusters of ECn_calc, however they are not spread 
equally. Cluster 2 comprises of only households with PV installations, where Cluster 3 
comprises for 50% of households with PV installations. For Cluster 1 and 4 the share of 
households without PV is respectively 25% and 7%. It seems thus that PV is indeed of influence 
due to the unequal division of households without PV installations, instead of the influence of 
PV itself.  
 
Finally it is concluded that this research relied on a database containing too few cases with too 
little variance to be able to statistically support the findings. This research however succeeded 
to show that different cluster load profiles are caused by household characteristics. The next 
chapter describes the final conclusions of the chapters in this section.  
It is important to relate the findings of this second section to those of the first section. It might 
for example be determined that being female or male has a great influence on how the washing 
is done, the results of the first section can then be used to determine if being male or female is 
also relevant for the electric load profile. Thus it is important to use the knowledge of the first 
section, together with that of this section to make sensible claims towards DSM. 
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7 Discussion  

In this section the aim was to find household characteristics which relate to differences in electric 
load profiles. In order to do so, this research aimed to create load profile groups. These groups 
were then coupled to household characteristics on the basis of a regression analysis. Initially it 
was suggested that the load profiles are very likely dominated by the influence of solar PV 
generation. Therefore a PV filter was constructed to reduce the effects of PV on the final electric 
load profiles.  
 It can now be concluded that indeed there is a large influence of PV on the clustering 
of household load profiles. However, applying the PV filter did not result in finding more relations 
between the household characteristics and the load profiles. The assumption is that the 
irradiance measurement is not accurate enough for application in the PV filter. This inaccuracy 
is thought to be caused by the geographical distance between the measurement point and the 
households and can thus not easily be overcome. This claim was supported by the fact that the 
PV filter functions significantly worse on cloudy days, compared to sunny days. Therefore it is 
concluded that the PV filter in its current form can not contribute to applications where daily data 
is beneficial or necessary. Measuring the solar irradiance could prove to be a solution. However 
it is then probably more beneficial to measure the solar PV production of the PV installation.  
 Clustering of household load profiles was executed successfully. For both the input data 
of the full electric load profile (Pelec) and the calculated net consumption (ECn_calc) clusters were 
found. It was however for ECn_calc more difficult to determine the sensibility of the cluster load 
profiles, because they differed from average load profile shapes. It was not possible to 
determine if this difference was an actual difference, or if it was caused by noise of the PV filter. 
It is likely though that the PV filter caused these unexpected load profile shapes. It was thought 
that clustering only the households which responded to the questionnaire could result in more 
relations between clusters and household characteristics. The newly generated clusters 
indicated that the clustering process is rigid, as the majority of households remained assigned 
to the same cluster. This rigidness applies both to the Pelec and ECn_calc clusters.  
 Finally the last chapter aimed to relate the clusters to household characteristics. 
Unfortunately the limited questionnaire response made it harder to prove the relations. The final 
results are therefore limited to only a few variables. Adding to the small number of cases, it is 
assumed that the variance of the variables measured for the empirical case of SSmE is also 
small. It was found that the occupation and level of education might be of influence. Furthermore 
PV production is certainly of influence. Lastly the number of children was also found to be of 
influence, however it seems that this influence is indirectly that of PV installations. It was found 
that for the SSmE case, the households are less likely to have PV installations, when they have 
more children under 18.  
 In the end it is unfortunate that only limited relations were found and even fewer 
relations could be statistically proven. It is likely that improving the quality of the household 
characteristics data would result in more and better results.  
 
In Section C, the integration between the findings of this section and Section B is made. Section 
B elaborates on the opportunities for shifting load caused by dishwashing and washing. The 
elements which are found in Section B will thus in Section C be coupled to the findings of the 
previous section. Finally Section C also elaborates on the implications for future research.  
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B Shifting the electric load of household 

actions 

In this section, social practice theory is applied to get insight into the way that households 
organize their actions of dishwashing and washing. Social practice theory is expected to give 
more insights into the actions than a behavioral study would provide. Especially because the 
practice elements are coupled via household characteristics to electric (peak) load.  

Shifting the electric (peak) load of the washing and dishwashing practices is addressed 
in this section. The perspective is to change households’ actions in order to shift the 
corresponding electric (peak) load to a different moment in time. In order to determine limitations 
and interventions for shifting the electric load of the dishwashing and washing practices, a social 
practice theory (SPT) framework is applied. This section elaborates on the SPT framework and 
the actions of dishwashing and washing to answer the second sub-question, as defined in 
Chapter 2:  

“When is it possible to intervene in the dishwashing and washing practices, for the case of 
‘Samen Slim met Energie’?” 

 
Findings of Section A and B are combined in Section C to conclude about the potential for social 
adaption demand side management (DSM) to alter household (peak) load. In this section, first 
the rationale is discussed and used to define sub-sub-questions. Subsequently the 
methodology and case are described. Chapters 8 & 9 discuss the framing and analysis of 
dishwashing and washing according to SPT. Finally Chapter 10 discusses the implications of 
applying a SPT framework to the actions of dishwashing and washing.  

B.1 Rationale 

In order to successfully implement social adaption DSM measures it is necessary to be able to 
influence consumers. A DSM program is only successful when in the end a part of the 
households’ electric load is shifted to an alternative moment in time. In order to achieve shifting 
of electric loads it is important to realize that consuming electricity is (normally) not the goal of 
consumers. Very often electricity is consumed in the process of completing tasks or achieving 
goals (Warde, 2005). For example while cooking dinner, cleaning clothes or dishes and while 
watching television. In order to determine how the actions of dishwashing and washing cause 
electric load, these actions are analyzed with a SPT framework. 

First, an SPT framework is chosen, this framework is modified in order to be more 
appropriate for the desired analysis. The modified framework includes time as a dimension of 
the practice. The framework can then be applied to describe how households organize the 
actions of dishwashing and washing. This description should answer the first sub-sub-question 
of this section: 

“How do households organize the practices of dishwashing and washing?” 
 
The focus on the actions of dishwashing and washing was explained in the introduction chapter. 
It is expected that these two actions provide the greatest opportunities for the SPT analysis. 
Related research (Enexis B.V., 2015; Kobus, Klaassen, Mugge, & Schoormans, 2015) has 
indicated that the electric load of the washing machine can be shifted in time. Those inquiries 
expressed that other white good appliances are also expected to be appropriate for shifting of 
the electric load. Other appliances which are found appropriate for shifting of the load are 
electric vehicles, heat pumps and air conditioners. However, these appliances are not yet 
implemented on a large scale. Among the participants of “Samen Slim met Energie” (SSmE) 
there are no electric vehicles and only one heat pump installed. Therefore, analyzing the 
potential of shifting loads is most appropriate for dishwashing and washing actions. Lastly, as 
was discussed in the literature chapter the electric vehicle and heat pump belong more to the 
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DSM measures of technological application, as shifting the load of these appliances is not done 
by consumers, but by programming of the appliances. 

The goal of the analysis is to find limitations and interventions for shifting the electric 
load by analyzing the way people ‘do dishwashing’ and ‘do washing’. This research focusses 
on the practice elements that obstruct or enable shifting of the electric load. These practice 
elements are a result of the way households organize the practices. This last analysis builds 
thus on the findings of the first sub-sub-question. The second sub-sub-question is:  

“What elements of dishwashing and washing practices obstruct and enable shifting of the 
electric load?” 

B.2 Methodology and SPT framework 

Before applying the SPT framework to the actions of dishwashing and washing, first the method 
of gathering interview data is discussed. Furthermore, the SPT framework, which is applied, is 
discussed. While applying the SPT framework, this research uses interview findings to 
determine the way households organize the dishwashing and washing actions. The interviews 
are conducted with participants of the ‘Samen Slim met Energie’ (SSmE) pilot and are 
elaborated on below.  

Interviews 

The interviews were conducted in the months of June and July 2015. Except from the fourth 
interview all interviews were conducted at the homes of the participants. The fourth interview 
was conducted at the participant’s work. There was no participant selection except that the 
interviewee had to be a participant of the SSmE pilot. All SSmE participants were invited to take 
place in the interview, the request to participate in the interview was sent via e-mail and was 
also placed in the newsflash of the energy cooperative “Duurzaam Energie Haaren” (DEH). 
Access to the e-mail addresses was provided by DEH. There were five responses to the request 
to take part in the interview and all five of the respondents were interviewed. The interviewees 
were informed that the interview would take one to one and a half hours of their time. The 
interview moment was appointed via the telephone. 

The interviews consisted of four sections, of which the main goal was to contribute to 
describing dishwashing and washing according to the SPT framework which is described in the 
second sub-paragraph. The interviews were conducted in Dutch and a translated version of the 
interview questions can be found in Appendix II. As the interviews were conducted in Dutch, 
quotes are translated versions of the actual claims of the interviewees. 
 The first section of the interview consisted of general questions about the pilot 
experience and the energy cooperative. The remaining sections aimed to collect in depth 
information about dishwashing, washing and other ways to shift electric load in time. The 
interviews were taped in order to transcribe and code them later. When referring to the 
interviewees this will be done with the code “RESP#” where # is the participant number (1-5).  

Defining a SPT framework to apply to the actions of dishwashing and washing  

In previous inquiries, SPT frameworks have not been applied to determine the way that 
consumers organize their practices. The frameworks have often been applied to study the 
development of a practice over time (Shove & Pantzer, 2005), or in mapping the different 
components and actors of a sector (Strengers, 2012). It was thought that SPT frameworks lack 
an ability to frame processes and causal relations on the level of the actual actions. The 
framework of Shove and Pantzer (2005) does show relations between different elements of a 
practice, it does however not facilitate in the relation between different elements. Therefore, this 
research aims to adapt the framework of Shove and Pantzer, to make it applicable to the way 
households organize the actions of dishwashing and washing.  

To identify the elements that are important for the shifting of the electric load, which is 
caused by the actions. This research proposes to embed stages of practices into the SPT 
framework of Shove and Pantzer. These stages help to add an entity of time to the practice. It 
is expected that re-framing SPT by adding phases of the practice, results in a better 
understanding of important elements throughout the practice. 
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The different phases were determined while analyzing the interview results. It was 
found that the interaction with the appliances most clearly shows the distinction in phases; 
initially the appliance is off, at some point the occupant(s) starts to actively interact with the 
appliance and then turns it on. After selecting the appropriate program, a start button on the 
appliance is pressed in order to let the appliance execute its task. Finally the appliance finishes 
the task and turns off, or is turned off. These phases are defined as follows:  

1. General preparations: Everything what happens before the decision to start the action 
of dishwashing or washing. The decision is defined as the moment where the appliance 
is turned on, or the moment that the consumer starts actively interacting with the 
appliance and in the end turns on the appliance.  

2. Filling the machine: Everything which happens from the decision to start, as defined in 
1., until the appliance is programmed before starting it.  

3. Start appliance: When the consumer starts programming the appliance just before 
turning it on. This phase ends only when 
the appliance is finished.  

4. Finishing up: the phase after the machine 
is finished with its program until the 
practice starts over again.  

The reframed SPT framework is illustrated in 
Figure B.1, where the original framework of Shove 
& Pantzer was depicted in Figure 3.6. As is 
illustrated with the yellow dotted lines, in each 
phase relations exist between material, meaning 
and competence elements. However, the relations 
also exist between phases. The between phases 
relations might be between the elements 
themselves e.g. material to material, but might also 
be between different elements e.g. material to 
meaning.  

Data analysis  

The framework which was described in the previous sub-paragraph is applied to the interview 
responses in order to describe the dishwashing and washing practices. This sub-paragraph 
discusses the method of constructing the practices from the interview quotes. After transcription 
of the interviews, the relevant interview responses are coded according to five different codes; 

1. Washing: Every remark which has to do with the washing process 
2. Dishwashing: Every remark which has to do with the dishwashing process 
3. Timing of energy-use: Remarks that have to do with timing of appliances 
4. Motivation/driver: Quotes which indicate why the participant would shift appliances in 

time 
5. Barrier: Quotes which indicate why the participant would not shift appliances in time 

The interview codes are the basis of the 
dishwashing and washing practices. The coded 
interview codes are labeled according to the 
SPT elements ‘material’, ‘meaning’ and ‘skill’ 
(Shove & Pantzer, 2005). Subsequently the 
labeled quotes are categorized according to 
the phases. This results in categorization of all 
relevant interview quotes into the cells 1-12, as 
shown in Figure B.2. The dishwashing and 
washing quotes are categorized similarly, but in 
separate tables. The remaining quotes are 
added to the tables of dishwashing and 
washing to specify timing, drivers and barriers. 
The table is the basis for the dishwashing and 
washing description, which is provided in the 
next two chapters. 

Figure B.2: Example new practice organization structure. 

Figure B.1: Adapted SPT framework of Shove & Pantzer (2005) 
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 Appendix V & 0 show respectively the dishwashing and washing diagrams, which were 
constructed from the dishwashing and washing quote tables. The diagrams consist of the 12 
cells as shown in Figure B.2. All the quotes which were classified to the different cells are thus 
converted to blocks in the dishwashing and washing diagram. The relations between the 
different blocks are also indicated in the diagrams. The relations show how the practice is 
executed from the first phase to the last. As the diagrams are generalizations of the 
organizations of the different interviewees, it is important to note that the households will in 
reality not take all the blocks into consideration.  

The dishwashing and washing diagrams are the basis of respectively Chapter 8 & 9. 
The practices are elaborated on in Paragraph 8.1 & 9.1. These elaborations are the answer to 
the second sub-sub-question, while the method of framing the actions as described above is 
the answer to the first sub-sub-question. Furthermore, the diagrams are analyzed to determine 
to what extent the electric load caused by dishwashing and washing is constrained in time. This 
is done in Paragraph 8.2 & 9.2, which together with Paragraph 8.3 & 9.3 form the answer to the 
third and last sub-sub-question. Finally Chapter 10 aims to answer the second sub-research 
question, which is the main question for this section.   
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8 Organizing the action of dishwashing  

In this Chapter the dishwashing diagram, constructed according to the methodology of 
Paragraph B.2 is described. The aim is to determine the barriers and opportunities for shifting 
the electric load caused by the dishwasher. First the practice of dishwashing is described, based 
on the dishwashing diagram of Appendix V. Next, Paragraph 8.2 elaborates on the constraints 
and opportunities which are found. The main focus in the second and third paragraph is towards 
the interventions and limitations in order to shift the electric load of the dishwasher. Finally, in 
the results paragraph the findings and implications for managing dishwashing are elaborated 
on.  

 Dishwashing 

In the interviews the participants indicated to use the dishwasher extensively. The dishwasher 
is important for cleaning up the kitchen. Larger households (3+ occupants) indicate to run the 
dishwasher almost on a daily basis. Smaller households (<2 occupants) indicate to run the 
dishwasher every two or three days. In the majority of the interviewed households the man 
takes responsibility for the final dishwashing preparations, such as fitting in all the dishes and 
starting the machine.  

This paragraph elaborates on the organization of dishwashing according to the modified 
social practice framework of Shove & Pantzer (2005). As described in Paragraph B.2, four 
phases of dishwashing are added to the original framework of Shove & Pantzer (2005). 
Therefore dishwashing is described according to those four phases. The four phased SPT 
framework was used to construct a dishwashing diagram, which is the basis of the dishwashing 
description of this paragraph. The dishwashing diagram can be found in Appendix V and was 
build up from interview quotes. The dishwashing description in this paragraph refers to some of 
these quotes using the code “RESP#”, where # refers to one of five interviewees. All quotes are 
translations of the original quotes. The description of dishwashing in this paragraph is the 
answer to the first sub-sub-question; “How do households organize the practices of dishwashing 
and washing?”.  

General preparations 

Most of the interviewees indicate to use the dishwasher while tidying the house. Dishes are 
picked up and put away from sight in the dishwasher. In this first phase the dishwasher functions 
thus as a cleanup box instead of as an actual dishwasher. While putting dishes into the 
dishwasher the dishes need to be sorted between hand wash and machine wash dishes. The 
dishes which are too large or too delicate and therefore potentially harmed by the dishwasher 
are done by hand. Next to protecting the hand wash dishes, separating these dishes from the 
remainder also assures that the remainder is cleaned properly. 
 

“Well look, throughout the entire day it is a sort of cleanup box. We have plates and 
cups and you know what. We put those on the countertop and then they are put in the 
dishwasher and then the countertop is clean again.” (RESP3) 
 
“Pots not, that is nonsense. Those I do by hand because they take in so much space. 
As well as my silverware and crystal glasses” (RESP4) 

 
This happens throughout the day and for smaller households this can even happen throughout 
the week before the dishwasher is finally filled. At some point the interviewee notices that the 
dishwasher is reaching its limit of how much dishes it can hold. This is a que to start the final 
dishwashing preparations and turn on the dishwasher. Another reason to start the dishwasher 
can be that, while the dishwasher is not full, it reached a limit where it can not provide in its 
function of cleanup box until the next dishwashing timeslot. The interviewees indicate that the 
dishwasher can not be turned on at just any moment in time, restrictions to the moments when 
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the dishwasher can run result in dishwashing timeslots. These dishwashing timeslots are found 
to be determined mostly by the perceived noise, risk of failure and running costs of the machine. 
Those factors determine when the interviewee is willing and able to turn on the dishwasher. 
Dishwashing timeslots differ for the different interviewees. This is because the factors that 
determine the timeslots differ for the interviewees. Some of the interviewees indicate to have 
very restricted moments, while others indicate to have (almost) no time restrictions at all. 
 

“I see it coming, after a few days it is getting fuller and fuller and I know; tomorrow I 
have to turn on the dishwasher.” (RESP4) 
 
“We look if it is reasonably full and then turn it on. If it is three quarters full it is possible 
to wait, but then things just won’t work the next day.” (RESP3) 

 
As the dishwasher functions as a cleanup box, malfunctioning of the dishwasher system will 
result in a messy and smelly kitchen because dishes can not be cleaned up properly anymore. 
This threatens the integrity of the household tidying up actions and especially a nasty smell can 
threaten the integrity of the entire household.  
 
Concluding, the general preparations are executed throughout the day. At some point a full 
machine or specific timeslot for dishwashing motivates the interviewee to start with actual 
dishwashing preparations.  

Fill dishwasher 

At this point the function of the dishwasher changes from a cleanup box to a dish cleaner. By 
cleaning the dishes the dishwasher makes it possible to empty the “cleanup box” and generate 
space for upcoming dishes. Thus implicit the goal of cleaning the dishes is to create space in 
the cleanup box. The interviewees did not explicitly mention this, however neither did they 
mention the need to clean certain dishes in order to be able to use them again. Thus the dish 
cleaner function of the dishwashing has two goals; cleaning the dishes and creating space in 
the cleanup box.  
 The dishwashing preparations consist of filling the dishwasher with remaining dishes 
and detergent. Again hand wash dishes are separated from the dishwashing dishes. An 
important task in this phase is to fit the dishes into the appropriate spaces in the dishwasher. 
This task exists also in the phase one, but is of less importance, as there is an abundance of 
space in the dishwasher. The fuller the dishwasher gets, the harder and more important the 
fitting of dishes becomes.  
 

“Yes, we load the machine completely full, put a dishwasher detergent block in it and 
close the lid” (RESP5) 
 
“What I do, pots I do by hand, even though I think the dishwasher is more efficient in 
general.” (RESP1) 

 
Most of the interviewees state that the dishwasher frequently fills up after dinner and therefore 
has to be turned on in the evening. Some of the interviewees indicate that the dishwasher is 
ran during nighttime, because of an advantageous night tariff. Even though a lot of the 
interviewees hand wash their pots, the dinner creates a substantial amount of the dishes and 
is therefore a moment where the dishwasher fills up.  
 

“In the evening cleaning up, then it is full and then we turn it on. Sometimes we wait, 
because we will get some more cups or glasses. But mostly we turn it on directly.” 
(RESP1) 
 
“It runs at night, every night. After 9 pm. mostly when we go to bed at about half past 
10 pm. I will turn it on, that is my task” (RESP3) 

 
Concluding, when filling the dishwasher the interviewees need to take into account what they 
wants and don’t want to put into the dishwasher. This phase is often started in the evening as 
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the dinner creates a substantial amount of the dishes. This will be elaborated on in the analysis 
paragraph. The next phase starts when the dishwasher is turned on. 

Physical start 

Almost all interviewees indicate that they turn on the machine to then determine and select the 
appropriate dishwashing program. In this phase the interviewee chooses either to start the 
machine directly, or delay the start with the help of a build-in timer. Selection of the appropriate 
dishwashing program happens while taking into account the amount of dirt on the dishes.  
 Interviewees who use the build-in timer (which not all dishwashing machines are 
equipped with) use this phase to determine when they should let the dishwashing start running. 
Interviewees who don’t use the timer indicate that they let the dishwasher run directly after 
choosing the right washing program. These interviewees decided in the previous phase to run 
the dishwasher right now.  
 

“I always wash at 55 degrees and turn it on by hand, as I don’t think the dishwasher 
has a timer.” (RESP4) 
 
“Actually we try to let it run around 8 or 9 pm. I turn it on and with the timer I decide in 
how many hours it needs to run, then I close the door.” (RESP2) 

 
Selecting an appropriate washing program is not done by most of the interviewees. Almost all 
of the interviewees state to have only one or two programs which they use. The decision of this 
program is based on previous experiences and (perceived) energy efficiency of the program. 
Some interviewees indicate that they experience some disadvantages of their washing 
program, but accept those for its benefits in energy efficiency. The interviewees who choose an 
appropriate program are those who do not accept the disadvantages of the more environmental 
program. It is expected that the average Dutch consumer is less concerned with the 
environmental friendliness of the dishwashing programs. The SSmE participants are in general 
more environmentally minded and are thus expected to sacrifice a bit more of their comfort.  
 

“We have to do some drying of the dishes, because I have a program with which it does 
not completely dry the dishes. It is a short eco-friendly program. So we have to do some 
drying afterwards.” (RESP5) 
 
“I always pay close attention to which program I select. I always consider the most 
environmental option, but for example with oven dishes I have to use a heavier 
program.” (RESP2) 

 
Concluding, for the start of the machine there seems to be a difference between interviewees 
who use a timer and those who turn on the dishwasher by hand. The interviewees that use a 
timer determine in this phase at what moment to run the dishwasher. The remaining 
interviewees indicate to have already decided that this is the appropriate moment for running 
the dishwasher.  

Emptying dishwasher 

The final phase is to empty the dishwasher, when it is finished with the dishwashing program. 
Some of the interviewees indicate to have standard moments to empty the dishwasher, 
especially interviewees who indicate to run the dishwasher on a daily basis. None of the 
interviewees say that they empty the dishwasher in order to create room for the new dirty dishes, 
as was claimed before. However, it is deduced that upcoming dishes are an important que to 
empty the dishwasher. 

 
“We empty it directly at breakfast. Well the children are also involved. One needs to 
empty it on Fridays, the other Thursdays.” (RESP3) 

 
“When its finished I open it and let it vaporize the remaining moist. Mostly there are still 
a few drops. But I wait with emptying it, as it is very hot when it is finished. So I let it 
cool down when it is finished.” (RESP4) 
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Concluding, after the dishwasher is finished it needs to be emptied. Thus the dishwasher is not 
used as a storage for clean dishes. This stipulates that the dishwasher functions as a cleanup 
box during the day. 

 Limitations 

This paragraph covers the analysis of the dishwashing diagram. The goal of this analysis is to 
answer the third sub-sub-question; “What elements of dishwashing and washing practices 
obstruct and enable shifting of the electric load?”. The analysis is based on the dishwashing 
diagram as shown in Appendix V and the description in the previous paragraph. Appendix V 
includes a brief analysis of the dishwashing diagram, which is the basis for the elaboration as 
is described below.  
 In this paragraph ‘the practitioner’ is referred to as the person who execute the practice. 
The practitioner can be anyone of the household, but as was discussed is for dishwashing often 
the man. In the previous paragraph ‘interviewee’ was the main term, as this paragraph relied 
on the interview answers. This paragraph relies on the interpretation of the dishwashing practice 
as was described in the previous paragraph.  

Too little dishes available 

The need for turning on the dishwasher is strongly related to the amount of available dishes. 
The efficiency of the dishwashing process decreases when the dishwasher runs before it is 
optimally filled. This inefficiency results in extra costs of electricity and detergent and causes an 
increased impact on the environment. Important to notice is that an inefficient dishwashing 
process does not necessarily mean that the dishwashing practice is executed inefficiently too. 
Some practitioners explicitly stated to run the dishwasher even when it is not full, to increase 
the (perceived) efficiency of the dishwashing practice.  

The first phase, general preparations, is limited by the material element, the amount of 
available dishes. In phase one the practitioner does not yet have the desire to turn on the 
dishwasher. A possible intervention could motivate the practitioner to turn on the dishwasher 
right now, if it a good moment to do so. However, this comes with a risk that practitioners run 
the dishwasher more often than before the intervention. This is defined as the “Too early for 
intervention” limitation and this limitation will thus invoke a higher inefficiency in the dishwashing 
process, resulting in an increased environmental burden. 

Next to the risk of increased inefficiency, the intervention might on the other hand cause 
practitioners to do less hand wash. As the dishwasher is turned on earlier it will frequently have 
spare room for extra dishes, which might result in less hand wash being done. Hand wash is 
believed to harm the environmentally more than the dishwasher does. On average a dishwasher 
saves 87 liters of water and 1.5 kWh per cycle (Stamminger, Badura, Broil, Dörr, & 
Elschenbroich, 2004). It is however difficult to determine if the potential advantages exceed the 
potential disadvantages. Furthermore it is expected that the potential disadvantages, such as 
open spaces in the dishwasher, are more visible to the practitioner. The potential advantages, 
such as less hand wash, will not be as visible and therewith risk that the practitioner perceives 
the intervention to be bad, or annoying. It is thus advisable to not intervene in this phase of the 
practice.  
 
The first phase revolves around the dishwasher as cleanup box. When the dishwasher can not 
provide in this function it is likely to influence the household cleanup system, as the dishwasher 
contributes to the ‘desire’ to keep the house tidy. In this first phase the disadvantages of an 
intervention are more visible than the advantages. It is therefore not advised to intervene in 
phase one.  

Limitation of the dishwasher fullness 

The second phase starts when reaching fullness of the dishwasher. The fullness of the 
dishwasher is defined as an amount of dishes with which the practitioner feels that it is not 
possible to use the dishwashing as cleanup box any longer. This fullness level is limited 
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primarily by a material and a meaning aspect of the dishwasher size. The material limit is the 
physical limit of amount of dishes that fits into the dishwasher. The size of the dishwasher also 
concerns a meaning, as putting in more dishes prevents some of the dishes from getting clean. 
The rotating arms of the dishwasher spray water onto the dishes and this way clean the food 
waste remainders from the dishes. If the dishwasher is packed too full, the dishwasher is not 
able to spray all dishes and therefore some of the dishes will remain dirty. Dirty dishes are 
unhealthy, as it can make people sick. Therefore the maximum amount of dishes to fit in the 
dishwasher is also constrained by this meaning. Next to a loss in cleanness of the dishes there 
are also additional costs of time and energy, as dishes that remain dirty need to be cleaned 
more properly. Reaching fullness is thus a combination of the dishwasher being able to function 
as cleanup box and simultaneously being able to properly clean all the dishes. The practitioner 
should optimize the level of fullness, as this will increase the practice efficiency as was 
discussed before. 
 The practitioner is not able to start the dishwasher at any point in time. As was 
discussed, the noise, risk of failure and differences in running costs result in dishwashing 
timeslots. Noise can for example disturb the practitioner while sleeping and due to a high 
perceived risk of failure the practitioner might not be willing to run the machine during night or 
while being away from home. Finally day-night tariffing of electricity causes lower running costs 
during night. In Figure 8.1 two examples of timeslots during the day are illustrated. In the top 
example, the practitioner does not want to run the dishwasher at night, because the machine is 
noisy and located close to the bedroom. In the bottom example the practitioner turns on the 
dishwasher before going to bed, because of the day-night tariff, which makes night time 
electricity consumption more economical. Even if the dishwasher is not optimally filled it will be 
turned on, because waiting until the next night is not possible. The dishwasher will fill up before 
the next timeslot, causing dishes to pile on the countertop.  

The practitioners can not always wait for an off peak moment to turn on the dishwasher, after it 
fills up. The practitioner will therefore sometimes experience the dishwasher to be too full to 
wait for the next dishwashing timeslot. This fullness level that the practitioner perceives ‘pushes’ 
the practitioner to start the dishwasher right now. From the dishwashing diagram it is noted that 
dishes that are created until the next dishwashing timeslot cause this push. For example, the 
dishwasher is not full at night, but can only run during night time because this is cheaper. 
However the dishwasher is too full (reached fullness) in order to wait until tomorrow night. It will 
fill up during the day and then can not be used as cleanup box anymore. Thus the fullness 
causes the practitioner to experience the risk of a failing cleanup box. It is therefore better or 
safer to turn on the dishwasher right now.  
 
The main reason to turn on the dishwasher seems thus not to be the need for clean dishes, but 
the need for space to put away dirty dishes; the cleanup box to work. There might be 
practitioners who do experience to run out of certain types of plates, but it is expected that for 
the majority of households the cleanup box function is the reason to run the dishwasher. 

Time required to empty the dishwasher 

Next to the push of new dishes the practitioner also perceives a pull of the need to empty the 
dishwasher. This pull is weaker than the previously discussed push, but is still of importance. 
When the dishwasher is finished the practitioner needs to empty it, before the dishwasher can 

Figure 8.1: Two configurations of timeslots as described in the interviews. In the background is the average SSmE community loading for the 

months April – June. 
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function as cleanup box again. As practitioners are not able to run the dishwasher at any 
moment of time, the practitioners are also not able to empty the dishwasher at any moment. 
This pull is of lesser importance, as emptying the dishwasher does not take as much time as 
running the dishwasher does. It is thus less of a problem to ‘wait’ for the unloading of the 
dishwasher than to wait for the dishwasher to finish.  

In this phase of dishwashing it is necessary to discriminate between practitioners who 
use a timer and those who don’t. The practitioners who use a timer will not experience the 
dishwashing timeslot problem to the extent of the practitioners who turn on the dishwasher by 
hand. The timer eases the choice for an appropriate dishwashing timeslot. Without a timer, the 
practitioner needs to watch the time and turn on the dishwasher at the appropriate moment, as 
was illustrated in Figure 8.1. Furthermore the practitioner needs to be available at the 
appropriate moment to turn on the dishwasher. Some practitioners solve the timing problem by 
turning on the dishwasher when going to bed. As a consequence this makes shifting the action 
of dishwashing harder. 
 
It seems thus that having a timer on the appliance is an advantage in turning on the dishwasher. 
A few of the interviewees indicated to be unaware if their dishwasher is equipped with a timer. 
Explaining to households how their timer works might therefore already help ease the shifting 
of electric load caused by the dishwasher.  

Too late for intervention 

In the last phase, the empty the dishwasher phase, the electricity has been consumed. It is thus 
not possible to intervene anymore. From the moment that the dishwasher is cleared from the 
clean dishes the process starts again at phase one.  

 Interventions 

Practices are routinized actions. While routinizing the actions, the practitioners tend to fix them 
in time. The time fixation has a relation with the dishwasher size, the amount of dishes created 
by the household, the dishwashing timeslots and for a majority of the households also 
dinnertime.  

In the previous two paragraphs dishwashing was described and this description was 
used to determine limitations to the shifting of the dishwashing practice. The goal of this 
paragraph is to use the dishwashing practice in order to determine opportunities for shifting the 
electric load caused by the dishwasher. These opportunities for shifting will be addressed as 
interventions.  

The major difficulty that was identified for dishwashing is the push of dishes that will 
accumulate in the near future. This push is very important as the dishwasher normally functions 
as a cleanup box and practitioners are not willing to buffer dishes on the counter top in order to 
delay the dishwasher. At some point the dishwasher will fill up and will therefore not function as 
a cleanup box anymore. The dishwasher needs to be run in order to get it functioning again. 
However this moment of filling up of the dishwasher often accurses during the evening peak.  

As the majority of dishes is created during breakfast, lunch and dinner the most 
important consideration is to have the dishwasher finished in time before the next meal. Thus 
opportunities for varying the time of dishwashing are greatest within a timeslot. As long as the 
dishwasher is finished before the next meal the practitioner will experience very little discomfort. 
Figure 8.2 shows the best times for using electricity for the SSmE case. The blue load profile 
shows the measured electric load of the SSmE participants. The green, gray and red accolade 

Figure 8.2: Average day timeline including average daily electricity loading for the months April – June for the empirical case 
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respectively show periods with low, fair and high electric loads. Note that from dinner time, till 
almost the end of the day there is a high electric load which means that ideally appliances are 
not turned on. 
In the previous paragraphs elements, which fix the dishwashing practice in time were identified. 
These elements are now addressed to determine if they are appropriate for intervening. First, 
the dishwasher size, which is a fixed material limit. The size of the dishwasher is for most cases 
a standardized size adopted throughout the Dutch society. There are dishwashers of half the 
size, but these are less environmentally friendly. Thus the dishwasher size is not the appropriate 
element for intervention. Secondly the amount of dishes that are created. The dishes are 
another material limit in the dishwashing practice and can be influenced. However, in order to 
do so it is necessary to address practices related to the use of dishes. Influencing the use of 
dishes is too distant from the goal of this research and will therefore not be proposed as a 
solution. The same applies to the third element, dinnertime. The hot meal (dinner) contributes 
most to the generation of dishes. When dinner would be consumed during lunch this would 
likely result in dishwashers running right after lunch, which is a favorable period (Figure 8.2). 
However, influencing the dinner is outside the scope of this research.  

The final element is the dishwashing timeslots. This is the most promising element for 
intervention. Running the dishwasher after breakfast or lunch could also be achieved without 
shifting dinner to lunchtime. To achieve this the whole practice of dishwashing should be shifted 
in time, instead of shifting purely the running of the dishwasher. The main obstructions for this 
are either that the practitioner is not at home and does not want to run the dishwasher, or that 
the practitioner wants to run the dishwasher in the evening, due to day-night tariffing.  

For these types of practitioners it is advised to motivate to run the dishwasher as late 
as possible in the evening. It makes no sense to try to influence these practitioners yet. However 
when an appropriate rewarding system is in place also these practitioners can be motivated 
according to the intervention described below. 

From the interviews it is deduced that while the dishwasher runs at night the first dishes 
are ‘generated’ at breakfast. Throughout the day the dishwasher is filled and is full again after 
dinner. For smaller families this is often a few days later, but still often after dinner. Thus 
practitioners generally fill one dishwasher with one, two or three full days’ worth of dishes. If the 
practitioners would start filling the dishwasher during lunch this would result in a full dishwasher 
after breakfast. This way the practitioner would fairly easily shift the ‘fullness’ time from the 
evening to the morning. Even if the dishwasher is not full after breakfast, this would not have a 
negative impact as the amount of dishes is equal to the ‘dishwashing at night’ amount.  

 One of the interviewees recognized this opportunity, but noted that this also concerns 
the unloading of the dishwasher. This interviewee however also indicated that this would not be 
a large problem, if this provides financial benefits.  
 
Thus an appropriate intervention is actually not aimed at modifying the dishwashing timeslots, 
but uses the timeslots in order to shift all four phases of the dishwashing practice. In order for 
this intervention to be successful it is necessary to implement a motivator to promote time 
shifting. The necessity of a motivator was acknowledged by most of the interviewees. They 
indicated that the SSmE pilot fails to motivate them as there is no real reward. The reward can 
be in terms of 2-5 cents per kWh. Currently the interviewees are motivated by a day-night tariff 
which might not even be beneficial for them in the end. It is thus concluded that especially the 
perception of a reward can be motivating.  

 Conclusion 

The first report of a dishwashing machine dates back to 1850, when a hand cranked device 
patent was filed. However it was not until 1924 that a ‘modern’ dishwasher was designed. This 
machine incorporated all the design elements of nowadays dishwashers (Myall, 2012). 
Presently over 61% of the Dutch households own a dishwasher (Wester, 2014). Especially the 
larger Dutch households own a dishwasher ( 80%), where single person households, with only 
41% penetration, are still behind (Wester, 2014). Owning a dishwasher can be highly 
recommended as it saves water and energy which in turn save the practitioner money and 



 Technische Universiteit Eindhoven University of Technology 

 

60 Inquiring the potential for demand side management of households / Version Final 

decreases the environmental impact of cleaning the dishes. Furthermore it also saves the 
practitioner time on a daily basis (Stamminger, Badura, Broil, Dörr, & Elschenbroich, 2004). 

This chapter aimed to describe how households organize the practice of dishwashing. 
The dishwasher has grown to have an important function in cleaning up the household. In this 
chapter a four phased SPT framework was applied to describe how households organize 
dishwashing. The goal was to find constraints and opportunities for shifting the electric load in 
time. The implementation of the different phases resulted in a structured description of 
dishwashing, from which it was possible to identify limitations and possibilities for interventions.  

The structured description of dishwashing resulted in a clear view of the elements which 
limit dishwashing. Furthermore the SPT approach contributed to determining the importance of 
the dishwasher as cleanup box. The notion of timeslots showed that shifting can be done without 
influencing the functioning of the dishwasher as cleanup box. The most promising intervention 
is to advocate shifting between existing timeslots. Shifting within timeslots is also possible, but 
this is harder for practitioners who do not use a timer. Shifting to a new timeslot is thus the best 
option to avoid usage of the dishwasher during the evening peak.  
 
Chapter 9 elaborates to the washing practice in a similar manner as that of current chapter. 
Finally Chapter 10 elaborates on the experiences of using SPT to investigate actions on such 
a specific level.   
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9 Organizing the action of washing 

In the previous chapter dishwashing was analyzed using the social practice theory (SPT) 
framework. This chapter describes the analysis of washing in the same manner, according to 
the methodology described in Chapter B.2. Therefore, the same parts as in the previous chapter 
are discussed; first, in the washing paragraph the washing scheme is explained. Next the 
limitation and intervention paragraphs elaborates on the findings which aid in the investigation 
of possibilities for shifting the electric load of washing in time. Finally, in the conclusion 
paragraph the implications for managing washing are elaborated on. The aim of this chapter is 
similar to that of the previous, to analyze washing with a SPT perspective and identify 
opportunities and constraints for shifting washing in time. The next chapter elaborates on the 
implications of adapting and using the SPT framework in order to investigate specific actions as 
was done in this section. 

 Washing 

In the interviews the participants indicated to use the washing machine regularly. The washing 
machine is very important for cleaning clothes. Larger households (3+ occupants) indicate to 
run the washing machine multiple times per week. Smaller households (<2 occupants) indicate 
to run the washing machine a few times per two weeks. In the majority of the interviewed 
households the woman takes responsibility for the washing of the clothes. There were even 
some respondents (man) admitting that they did not really know how the washing machine was 
used. 

The methodology section (Chapter B.2) described that four phases would be 
distinguished in the dishwashing and washing actions to get a clearer perspective on the 
possible intervention moments. This is an addition to the framework as designed by Shove & 
Pantzer (2005). In the washing analysis this framework is applied again. A washing diagram is 
already constructed, supported by quotes from the interviews. This diagram can be found in 
Appendix 0 and is of similar structure as the dishwashing diagram shown in Appendix V. The 
description of the washing action is therefore also similar to that of dishwashing, with translated 
quotes supporting the washing description. References to the quotes are coded “RESP#” where 
# is again from 1 to 5. This paragraph is the second half of the answer to the sub-sub-question; 
“How do households organize the practices of dishwashing and washing?”. The first half of this 
sub-sub-question was described in Paragraph 8.1. 

General preparations 

The interviewees indicate that they do not interact with the washing machine in the general 
preparations phase. Dirty clothes are ‘stored’ in the laundry basket. Some interviewees indicate 
to have different laundry baskets for different types of clothes or different clothes colors. In this 
phase the washing machine has thus no function. The washing basket however, functions as a 
storage or buffer for the dirty clothes.  
 

“I just save it until I have three full machines of clothing, red, colored and delicate 
clothing” (RESP4) 
 
“The laundry basket determines the fill. We have a separate socks basket with its own 
filling.” (RESP2) 

 
Interviewees indicate that they check the level of filling of the laundry basket regularly and that 
sometimes there are specific clothes which require the laundry to be done right now. These 
clothes are for example required the next day. At some point the interviewees perceive that the 
laundry basket is “too full” this is a cue to start doing the laundry. Some of the interviewees 
indicate however, that their willingness to do the laundry right now determines if they are actually 
going to do it.  
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“When the laundry basket is filled. Do I have fixed days? Monday/Tuesday I think. But 
I can vary, it depends on my willingness to do the laundry.” (RESP5) 
 
“Look we will sometimes, have a special laundry item that has to be washed separately. 
So then it is the type of clothing, if you like, that determines that we need to do the 
laundry.” (RESP2) 

 
Concluding, washing preparations are not very extensive. The dirty laundry is put in a laundry 
basket and the interviewees indicate to be familiar with how much laundry in this basket leads 
to a full washing machine. If enough laundry is present this triggers the interviewee to start with 
filling the washing machine. 

Fill washing machine 

The filling of the washing machine is not very extensive either, according to the interviewees. 
Most of them indicate that it comprises of taking the laundry, separating it if this is not already 
done and putting the ‘right’ laundry in the washing machine. When there is too little laundry 
available the interviewee sometimes looks for extra laundry such as semi-dirty clothes or towels. 
When too much laundry is available the interviewees select the laundry with the lowest priority 
to put back in the laundry basket.  
 Important to consider is that all the laundry which is going into the machine is 
appropriate for the current washing program. From the interviews it was deduced that doing 
laundry is a difficult task, as the interviewees need to evaluate the laundry on appropriateness. 
Even though this step is not extensively described by the interviewees, most of them indicate 
to have to separate some of the laundry for different reasons. It is thus this step which makes 
the filling of the washing machine harder than it would appear on first hand. Together with the 
laundry the appropriate detergent has to be selected and the ‘right’ amount of detergent has to 
be put in the washing machine.  
 

“The laundry needs to be sorted, some items are separated. The delicate laundry for 
example. Then it is sorted on color and we fill the machine with appropriate colors while 
trying to determine if it is T-shirt like, underwear or what else.” (RESP2) 
 
“We stuff it as full as possible, the washing machine is always filled. Apparently this is 
better.” (RESP5)  

 
The different types of laundry exist because of a material, skill and meaning aspect of the 
laundry. The material aspect of these types of laundry differ, however the interviewees learned 
somehow that certain types of fabrics or colors can not be mixed. Partly this knowledge is 
supported by washing labels, on which it is stated what type of washing program belongs to the 
laundry item. None of the interviewees indicate to consult the washing label, in order to 
determine if the item is appropriate for the current washing program. It is expected that the 
interviewees very incidentally consult washing labels, when they are doubting the appropriate 
washing program. The consulting of the washing label will then contribute to the knowledge of 
how to separate laundry. 
 Finally the appropriate type exists because of the risk of ruining the laundry item. This 
meaning provides value and reason to remembering to separate the laundry. It is assumed that 
the congregating of all three elements makes the separation of laundry a difficult task.  
 
As with dishwashing the times for washing are also limited by the day-night tariff. The 
interviewees who indicate to have this tariff system embedded it in their routines.  
 

“Often the washing machine runs at night after 9 pm. This is predominantly for the big 
laundries, little laundries are run in-between.” (RESP1) 
 
“If the trigger to fill the washing machine is at 7 pm, she fills the machine and leaves 
the door open. Then, after 9 pm at a certain moment it is turned on.” (RESP3) 
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Concluding, in this phase the washing machine is attributed the meaning of cleaning machine. 
This phase is mainly dominated with ideas and preconceptions about how to get the laundry 
clean without ruining laundry units.  

Physical start 

Now that the washing machine is filled the interviewees select the appropriate washing 
program. This program has already partly been pre-determined by the type of laundry that was 
loaded into the machine. However there are still some considerations like temperature and 
centrifuging speed. The interviewees indicate to consider the type of laundry, amount of dirt and 
the environment when selecting these settings. 
 

“We always wash at 30-40 degrees. That means that we use liquid detergent. Well then 
we fill the machine with a ball of detergent, dependent on the loading of the machine 
conform the prescription. Then we close the door and dependent on the time we 
program it to start 9 or 10 hours later or to start it directly.” (RESP2) 
 
“Well I wait until it is 10 am and then I turn it on. And the same day I will turn it on again, 
or perhaps the next day. Well I wash the white goods on 70 degrees with white 
detergent and also a ‘pale’ powder.” (RESP4) 

 
Some of the interviewees indicate to use the timer on the washing machine to delay the finish 
of the washing machine. When doing this the interviewees take the finishing time of the machine 
into consideration. It is very important to be able to empty the washing machine as soon as it is 
finished. If the washed laundry sits in the closed washing machine for too long, the laundry will 
get smelly.  

The interviewees who indicate to use a dryer have different considerations towards the 
most environmental way to run the washing machine. Because the dryer uses a lot of energy it 
is more efficient to run the washing machine on the maximum centrifuging speed. 
 

“Mostly the washes are highly centrifuged and then we put it in the dryer. But with this 
weather (sunny) we dry it outside.” (RESP2) 

 
The main goal of the washing machine is to clean the clothes, to generate clean clothing which 
the interviewee can wear again. Possibly because of the costs of new clothing there is a high 
perceived risk to ‘fail’ in cleaning the laundry and ruin it, as was discussed in the previous phase. 
 
Concluding, the settings of the washing machine are predominantly determined by the type of 
laundry and the amount of dirt. The interviewees are willing to choose a more environmental 
friendly setting, but this might be due to the SSmE participants in general being more 
environmentally minded than the average Dutch consumer.  

Empty washing machine 

As was already indicated a few times, the last phase is very important for the success of the 
washing cycle. All interviewees indicate the importance of emptying the washing machine as 
soon as it is finished.  
 
 “The laundry can not remain in the machine too long.” (RESP1) 
 

“So when it is finished I want to be able to turn it off and then I will directly hang the 
laundry on the cloths line.” (RESP4) 
 
“Yes it will run for 1 ½ hours and then I take out the laundry directly and put it on the 
clothes line.” (RESP5) 

 
When taking the laundry out of the washing machine the interviewees indicate to either use a 
dryer or a clothing line. The major difference between the two is the time it takes to put the 
clothes up on the laundry line, where putting the clothes in the dryer is (a lot) faster.  



 Technische Universiteit Eindhoven University of Technology 

 

64 Inquiring the potential for demand side management of households / Version Final 

 Finally the dry clothes need to be folded and sometimes ironed. However these actions 
are not discussed in present research and therefore attributed as a follow up practice of handling 
the clean clothes. 
 
Concluding, it is thus often admitted that the moment of finishing the washing program is very 
important for the interviewees. This is a consideration which needs to be taken into account 
when looking for intervention options.  

 Limitations  

This paragraph covers the limitations which result from the washing diagram and the description 
of doing washing as a social practice. As Paragraphs 8.2 & 8.3 did, this paragraph and 
Paragraph 9.3 contribute also to the answer for the sub-sub-question; “What elements of 
dishwashing and washing practices obstruct and enable shifting of the electric load?”. Appendix 
0 includes a brief analysis of the washing diagram, on which this paragraph elaborates. 
 In this paragraph ‘the practitioner’ is again referred to as the person who execute the 
practice. The practitioner can be anyone of the household, but as was discussed is for washing 
often the woman. In the previous paragraph ‘interviewee’ was the main term, as this paragraph 
relied on the interview answers. This paragraph relies on the interpretation of the dishwashing 
practice as was described in the previous paragraph.  

Too little laundry available 

In phase one, the main limitation is that it is not desirable to run a suboptimal filled washing 
machine. The washing machine should be as full as possible to minimize the use of electricity 
and detergent. If the practitioners are motivated to run the washing machine at an earlier 
moment this is likely to decrease the amount of laundry, which is cleaned per washing cycle. 
Washing less laundry per washing cycle results in a less efficient use of the electricity, water 
and detergent, because these products are not used most optimal in the case of a full washing 
machine (Consumentenbond, 2015). Furthermore a lot of the washing machines that were 
tested provided cleaner washing results, when (cram-)filling the washing machine 
(Consumentenbond, 2015). 
 Phase one thus again risks a loss of energy efficiency, however there are again also 
opportunities for some of the practitioners. Practitioners who spare laundry until they can fill a 
few washing machines, or at least more than one full washing machine. These practitioners 
could be motivated to run the washing machine at an earlier, better, point in time. It is however 
difficult to determine if the potential advantages supersede the potential disadvantages of the 
loss of energy efficiency. Therefore it is not advisable to intervene in this phase. In the first 
phase of dishwashing it was noted that an intervention is risky also because disadvantages are 
more visible than advantages are. For washing this is not the case, as ‘cramming’ of the laundry 
allows for more laundry to be put in the washing machine. The washing machine can therefore 
be full, but it can also be extra full. Practitioners will thus more often perceive the washing 
machine to be filled to a satisfying level. 
 The washing practice has another difficulty; the delicateness of some of the laundry 
items. These delicate items ‘need’ a different washing program and are therefore separated 
from the normal laundry items. For most households this results in running partly empty 
machines, as not enough delicate laundry is produced before the dirty items are needed again. 
Present research will not look into how to overcome these small washes. It is assumed that 
these washes can be shifted similar to the normal, full, washes. Only washes containing laundry 
items that are immediately required are assumed to be unsuitable for shifting in time. 
 
The first phase revolves around the laundry basket instead of the washing machine. The laundry 
basket functions as a buffer for laundry until it becomes filled or certain laundry items are 
(immediately) required by the practitioner. 
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Laundry basket fullness limitation 

The second phase, filling of the washer, starts when the practitioner decides that a wash needs 
to be done. Either the laundry basket is full, or specific laundry items are required. From this 
phase on the washing machine functions as a cleaning machine. In this phase the laundry 
basket can still function as a buffer. This is very important as it results in a greater flexibility for 
shifting of the washing time. The laundry basket therefore generates flexibility in the washing 
practice. This flexibility is only overruled when the practitioner immediately requires certain 
laundry items.  
 Together with cramming of the laundry it is possible to shift the washing cycle, while 
losing out very little on the comfort of having all laundry cleaned in this cycle. With laundry 
comfort this it is meant that all laundry needs to be cleaned. While the laundry basket functions 
as a buffer for containing laundry, cramming of the laundry enables the washing machine to 
contain more laundry without influencing the cleaning power (too much).  
 But as with the dishwashing cycle it is too easy to assume that practitioners can just 
shift the washing cycle. It is very important to consider the time options to start the washing 
machine. Figure 9.1 is the same as Figure 8.1 and shows again time slots for two different 
households. The time slots of the washing cycle are very similar to those of dishwashing, but 
are limited by the need to handle the laundry after the washing machine is finished. This makes 
it important for the practitioners to consider the finishing time of the washing machine in order 
to determine if it is possible to handle the clean and wet laundry at that moment. Delaying the 
washing cycle is thus again limited by the time slots. The timeslots function as a push to start 
washing right now, as there are only limited alternative options available. It is likely that for 
practitioners it is difficult to determine when the next timeslot opens up. Practitioners might 
experience that too much laundry will stack before the next timeslot arrives. An intervention 
should therefore aim to aid the practitioner in the (difficult) task of determining the next timeslot.  

In introducing an intervention it is thus very important to clearly indicate upcoming good 
moments to start the washing machine. One of the interviewees indicated that she considered 
the advised moments of the pilot energy portal, however when looking for a good moment 
(predominantly in the evening) she experienced it to always be a very bad moment to run the 
appliance. Furthermore, the upcoming few hours would also always be very bad moments to 
consume electricity. Therefore she would turn on the washing machine anyway. When 
elaborating on this statement this interviewee indicated to start washing on Monday, or Tuesday 
evening after work. As is indicated in Figure 8.2 this moment is always a bad moment to 
consume electricity. When explaining to the interviewee why this moment is a bad moment and 
when normally a good moment would turn up, she stated that she would be able to use this 
knowledge to improve the timing of washing.  
 It is assumed that informing the practitioners about upcoming good moments, instead 
of showing the only a limited upcoming time, it is easier for them to determine if this upcoming 
moment is viable. Especially when the next good moment is no option, the practitioner need to 
be able to consider alternatives, otherwise the practitioner will likely start the appliance anyway. 
This applies to both dishwashing and washing, but because of the laundry basket and cramming 
of laundry the washing cycle provides more flexibility to be shifted to other moments. The 
dishwashing cycle is not constrained by the finishing time, because it does not require 
immediate action of the practitioners. Therefore dishwashing has a more options of moments 
to be turned on, while washing can be shifted over a longer period of time. 

Figure 9.1: Two configurations of timeslots as described in the interviews. In the background is the average SSmE community loading for the 

months April – June. 
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A final consideration for interventions at this phase is the washing program. Often shorter 
washing programs (requiring less time) are more energy intensive than the longer washing 
programs. This is important in designing an intervention in the next paragraph. The intervention 
should not result in an increased use of shorter washing programs. The increased use of shorter 
programs is a risk, as practitioners might try to ‘fit’ the washing into the next good moment. The 
practitioner might choose a shorter good moment and thus select a shorter washing program.  

Time limitation 

The third phase, physical start, is dominated by the selection of an appropriate washing 
program. In this phase a perceived ‘pull’ of required clothes is caused by the filled washing 
machine. As the machine is full there is enough reason to start washing. When the trigger to 
start washing was the immediate requirement of certain laundry items it is not possible to 
motivate practitioners to shift the washing cycle. The motivation to shift is for these washes 
actually the motivation to wear something different. The interviewees indicated that only few of 
the washes are started prematurely for this reason. It is therefore advisable to not intervene 
with these (few) washes. This will avoid that practitioners are hindered by the intervention 
strategy.  
 This phase is further limited by time constraints caused by the drying of the clothes. It 
was already mentioned a few times that the practitioner needs time to get the laundry out of the 
machine into the dryer or on to the clothesline. Furthermore, the practitioner will not be able to 
use the wet laundry before it is dry again, this is not that much of an issue for practitioners who 
use a dryer. Practitioners who use a clothesline however have to consider a longer period of 
time for the laundry to dry. 
 In the interviews it was not mentioned that the drying of clothes is a problem. It might 
thus be that the interviewees already incorporated the time they have to wait for the clothes to 
dry into the practice. Therefore the drying of the clothes will also form a constraint on the time 
shifting of the washing cycle.  

Too late for intervention 

After the washing machine is finished, the practice of washing clothes is finished. Therefore, 
the electricity consumption is done. Considering that practitioners always dry the laundry, one 
could stress that the dryer will consume electricity and could possibly be shifted. However, 
interviewees who use a dryer indicate not to be willing to shift the dryer, as this would cause the 
laundry to get smelly. The use of the dryer is thus coupled to the use of the washing machine. 
Therefore for both cases it is too late for intervention in this last phase. 

 Interventions 

Like dishwashing, the washing practice is a routinized way to execute an action. The practitioner 
aims to reproduce conditions, which were successful in previous executions of the action. While 
doing this the practitioners seem to fixate the actions in time. This time fixation relates for 
washing with the amount of laundry created, the availability of clean clothes and the washing 
timeslots. 
 In the previous two paragraphs washing was described and analyzed in order to 
determine limitations to the shifting of the electric load. The goal of this paragraph is to use the 
previously generated knowledge in order to determine interventions which should result in the 
shifting of electric load.  
 The biggest difficulty for shifting the washing practice in time is the availability of 
timeslots. These timeslots are limited mostly by the time spent at home, which is necessary for 
the finishing up of the washing machine practice, to empty the machine. Washing laundry is a 
difficult task due to the risks of harming delicate laundry items and of smelly laundry when it has 
been lying in the machine for too long after the washing machine is finished.  
 The laundry basket helps in creating flexibility. It allows laundry to be stored temporally 
until it is time to start washing. It can also help in delaying the washing action and thus shift the 
electricity consumption in time. Time shifting is eased further, by cramming of the laundry 
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allowing for more laundry to fit into the washing machine. Ideally every washing machine would 
be crammed full, but for the interviewed SSmE participants this is not the standard way of filling 
the machine.  
 In the previous paragraph elements, which fix the washing practice in time were 
identified. These elements are now addressed to determine if they are appropriate for 
intervening. First, the amount of laundry created by the household can not be influenced without 
influencing the way the practitioners use their laundry items. Influencing these related practices 
is too distant from the goal of present research and will therefore not be proposed as a solution. 
Secondly the availability of clean clothes determines how frequent the practitioner experiences 
a push to start doing the laundry. Influencing this element can be done by motivating the 
practitioner to buy more clothes. However, again this is too distant from the washing practice 
and will therefore not be considered. 

Finally the washing timeslots is the most promising element for intervention. As far as 
the laundry is not immediately required, washing could be shifted in time. This is then limited by 
the available time slots. Therefore an intervention should take the availability of timeslots into 
consideration. As it was found that washing can be postponed over a longer period it is 
important to show the practitioner appropriate moments. However the first component to take 
into consideration is if this wash is immediately required. If so, no intervention should be 
advised. For the remainder of the washes the good electricity consumption moments for the 
coming two days should provide enough opportunities for the practitioner to match a timeslot.  

The intervention should ideally be shown to the practitioner before starting with phase 
two, the loading of the washing machine. However, as long as the intervention is placed before 
the end of phase three it should prove to be effective. Other research found that practitioners 
do not favor to use a smart washing machine, which times and starts washing by itself. As much 
practitioners rather time the moment of washing themselves (Kobus, Klaassen, Mugge, & 
Schoormans, 2015). Therefore it is concluded that indicating the good moments should be 
enough to achieve an effect.  
 
An intervention should ideally incorporate the household time constraints while advising good 
moments to start washing. This is however a far more complicated intervention than one which 
just advises good electricity consumption moments. It is expected that washing can be shifted 
over longer periods of times than dishwashing can. However, dishwashing is expected to have 
more frequent shifting options than washing has. This is a result of the appliance finish which 
is important for washing and far less for dishwashing.  

 Conclusion 

Laundering used to be done by hand. An early development of washing was the washboard, 
which was invented in 1797 (Bellis, 2015). In 1851 the first washing machine, that resembles 
present washing machines was patented. Finally in 1874 a machine, which could actually 
remove and wash away dirt from clothes, was given as a birthday present (Bellis, 2015). 
Presently, over 95% of the Dutch households possess a washing machine (Wester, 2014). It 
was claimed that the adoption of washing machines was the worlds’ greatest contribution to the 
liberation of woman (Galeotti, 2009; University of Montreal, 2009).  

This chapter aimed to describe how households organize the practice of washing. The 
washing machine has been very important for households. This is supported by the fact that 
almost every household is equipped with a washing machine. In this chapter a four phased SPT 
framework was applied to describe how households organize washing. The goal was to find 
constraints and opportunities for shifting the electric load in time. The implementation of the 
different phases resulted in a structured description of washing, from which it was possible to 
identify limitations and possibilities for interventions. 

Shifting the washing practice in time is a viable option. The laundry basket, together 
with cramming the laundry generates flexibility. The extent to which the washing practice can 
be shifted depends mostly on the timeslots, which are a result of the being at home of the 
practitioners, together with wishes and demands such as not running the machine at night, or 
running it during night tariff.  
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 The greatest risk of shifting washing practices is that the practitioners require specific 
laundry units. In this case the practitioner is thought to be unwilling to wait any longer. It seems, 
at least for the interviewed SSmE participants, that requiring specific laundry does not occur 
very frequently. It is therefore assumed that this is not a critical problem in shifting the doing 
washing.  
 
For both washing and dishwashing it is important to consider a motivation to actually shift the 
practices. The interviewees indicated that they would normally not shift the practices after they 
are informed about more environmental moments. A large part of the interviewees indicated 
that they would expect to get a monetary reward for actually shifting practices in time.  
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10 Discussion 

This discussion chapter elaborates on the findings of Section B. In this section the goal was to 
use a SPT framework to find obstructing and enabling factors, for shifting the electricity load of 
dishwashing and washing in time. This inquiry used interviews to determine what the practices 
of dishwashing and washing look like. The interview answers were classified according to the 
elements of the SPT framework of Shove and Pantzer (2005). In this sections’ introduction it 
was stated that the specificity of this research required the addition of phases to the framework 
of Shove and Pantzer. This research therefore investigated SPT in a novel way. Applying a SPT 
framework to a specific action was not previously done.  
 In discussing Section B, first the methodology, of using interviews to analyze an action 
according to SPT is evaluated. Secondly the notion of phases in a SPT framework is elaborated 
on. Finally the appropriateness of analyzing washing and dishwashing towards answering the 
research question is discussed.  

Interviewing smart grid pilot participants 

As was described in this section, interviews were conducted to analyze the practices of 
dishwashing and washing. The interviews were conducted with participants of the smart grid 
pilot “Samen Slim met Energie” (SSmE). This sub-paragraph evaluates the choice to interview 
SSmE participants. 
 Originally this research aimed to construct the practices of dishwashing and washing 
from literature and use interviews to validate these findings. However literature did not provide 
in an extensive description of how people ‘do dishwashing’ or ‘do washing’. Therefore it was 
decided to use the interview answers to construct the practices. In the end the interviews helped 
to show that people execute actions in a structured way. The interviewees described both 
dishwashing and washing and most of the interviewees indicated the same elements to be 
important. With only a few interviews it was possible to construct a detailed overview of the 
actions.   

It was chosen to interview SSmE participants, as it was expected that they would be 
more conscious about environmental impact of actions such as dishwashing and washing. It is 
not possible to support or refute this claim, but the interviewees proved to be aware of how and 
why they executed the dishwashing and washing actions. Some of the interviewees were aware 
of the peak load issues and were able to evaluate on their possible contributions to resolving 
these issues. Overall it proved thus to be a good idea to use interviews towards constructing 
the practices of dishwashing and washing. It seems that the conducted interviews provided 
sufficient information to successfully construct the dishwashing and washing practices. An 
alternative would be to observe households in their way of organizing the practices. However 
this observation might not be able to help to understand the meanings that the household gives 
to the different practice phases.  

Adding phases to the SPT framework of Shove and Pantzer (2005). 

While determining how to apply the SPT framework on the specific actions of dishwashing and 
washing it was found that SPT frameworks lack a notion of timing. With the original SPT 
frameworks actions can be organized, but it is difficult to embed time in this organization. As 
the research objective was to determine how the electric load of the dishwasher and washer 
can be shifted in time, it was important to add an entity of time to the framework. The four 
phases provided this entity of time. It helped to show at what moment of the action interventions 
are possible, and to indicate how the intervention should be applied. For example, for 
dishwashing it was determined that the entire action should be shifted in time. For washing it 
was found to be possible to only shift phase three, in order to change the moment of electricity 
consumption.  
 Thus for present research it was useful to include the four phases in the SPT 
framework. For inquiries which aim to investigate the developments of a practice the phases 
will probably provide too much detail. However, the phased execution of a practice can provide 
extra insights into the development of certain functions. For example the ‘cleanup box’ function 
of the dishwasher was originally not present in the practice of ‘cleaning the plates’. It is likely 
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that in the early years of the dishwasher the only function was to clean the plates. Over time the 
function of the dishwasher evolved till at some point the dishwasher got an important role in 
tidying the house.  
 One problem with the phased SPT framework is that in reality the practitioners do not 
execute the action that organized. The framework gives the idea that the practitioner completes 
the practice step by step and is intrinsically motivated by elements of the practice. In reality the 
practitioner executes the practice more freely. Elements of the practice are frequently mixed up 
and there is also overlapping between phases. Justification for these problems is that these 
have to be accepted in order to achieve an easy to interpret description of the dishwashing and 
washing practices. An alternative description could incorporate the freedom of the practitioner 
and the overlapping between phases, but would result in a far more complicated description, 
which would complicate the determination of obstructing and enabling factors for shifting of the 
electric load. 

Social practice theory in analyzing the actions of dishwashing and washing 

The final evaluation is towards the appropriateness of using SPT for the inquiry of this section. 
There are alternative ways to investigate specific actions. For example by studying the behavior 
of the occupants. The reason to choose for SPT was, that SPT is a novel concept which includes 
all elements around the actual action. SPT is thought to provide an in depth insight into the way 
actions are executed as it aims to incorporate all the relevant elements.  
 The distinction between material, meaning and skill proved to provide insights into the 
different components of the practices. More interestingly these elements indicated the 
opportunities for addressing the different elements. In order to change the way of doing, the 
skill of the practitioner, it is possible to influence either (combination) of the three elements.  
 The analysis did provide insights which agree with the applied intervention and 
successes of for example Kobus, Klaassen, Mugge & Schoormans (2015). They investigated 
washing and found that participants were likely to shift the washing cycles, but often did this by 
hand to keep control. This agrees with the results of the washing analysis, where it was found 
that the finishing time and ability to address the washing machine at this moment is of great 
importance for the practitioners.  
 Added insights of present research is for example that it might be a good idea to 
consider what type of wash is being done. As was discussed there is a discrimination between 
washing when a specific laundry item is required and doing a normal wash. The first type of 
wash is very likely not acceptable for intervention. Furthermore a normal wash allows for a 
longer period of time shifting than for example the dishwasher does. This larger period of shifting 
is generated by the laundry basket, which functions as a buffer and the possibility to cram the 
wash into the machine. These types of insight did not come forth from the analysis of Kobus et 
al. (2015) and are thus contributions of in depth study of dishwashing and washing.  
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C Integration 

This section elaborates on the findings of Section A & B and is therewith the final section of this 
research. The goal is to combine the findings of both sections in order to answer the main 
research question: “(How) can household practices be influenced to decrease household 
electric peak load?”. First the sub- and sub-sub-questions are answered to finally conclude 
about the main research question. The findings of Section A contributed to determining the 
relation between household characteristics and (peak) load profiles. The findings of Section B 
contributed to determining how household practices can be influenced to change the electric 
load caused by dishwashing and washing. Finally these findings are coupled together to 
determine if the relation between household practices and household electric (peak) load can 
be described. 
 The first part of this section concludes about the different research questions. The 
second part evaluates the findings of this research. It discusses both the theoretical implications 
as recommendations for future research.  

C.1 Conclusions 

This paragraph elaborates thus on the different research questions of this research. First the 
two sub-questions are answered to finally conclude about the main research question. The 
research questions are answered bottom up, starting with the sub-sub-questions. The findings 
towards the different sub-sub-questions are combined to answer the respective sub-questions, 
which are in turn combined to answer the main research question. 

PV filter 

Before elaborating on the research questions, first the PV filter is discussed. The PV filter was 
initially not an objective of this research, but it turned out to be an important component for 
answering the first sub-question. It was thought that the electric load profile is heavily influenced 
by the PV production of the households. As the PV production is not separately measured in 
the SSmE pilot, it is impossible to analyze only the electric load. Therefore the PV filter was 
constructed. 
 The PV filter uses Irrad and ToD to determine what the PV production was. As was 
discussed the PV filter is able to calculate the PV production accurately for sunny days and 
fairly accurate for fully clouded days, however for days with intermittent irradiation the PV 
production was not calculated accurately. Even though the results of the filter are interesting. 
The results show that this kind of data can be used to ‘mine’ more information.  

Determining relations between household load and characteristics  

The first question to answer is: What load profile groups can be distinguished for the empirical 
case of SSmE? The answer to this question was constructed in Chapter 5, where the different 
load profile clusters were defined. The final results were constructed for the full dataset and the 
sub-dataset of households which responded to the questionnaire. The sub-dataset clusters are 
illustrated in Figure 5.9. These clusters are used again in Chapter 6 and therefore the load 
profile groups which are distinguished in this research. Differences between the full data and 
sub-data clusters are for example the number of clusters for Pelec, which was reduced from six 
to four. Furthermore the average cluster load profiles changed slightly. This was already 
discussed in Chapter 5. Finally, it is clear that the PV filter of Chapter 4 has a large impact on 
the load profile shapes. Comparing the Pelec and ECn_calc load profiles makes clear that these 
load profiles are different from each other. This difference can be seen when comparing Figure 
C.1A & B. 
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The second question to answer is: What is the relation between the household 
characteristics and the different load profile clusters? The answer to this question was 
constructed in Chapter 6 and was provided in Paragraph 6.4. The main relations are depicted 
in Table C.1. The PV installation, number of adults and children, occupation and education were 
found to be the most relevant characteristics for the load profile.  

Table C.1: Final relations found in Chapter 6 

 Pelec ECn_calc 

Cluster 1 No PV installations 
More children 

-- 

Cluster 2 -- More often PV installation 
Cluster 3 -- More adults 

Less often PV installation 
Cluster 4 Larger PV installations --  

 
Combining the answers of the previous two questions should help to answer: “What household 
characteristics relate to different peak loads for the empirical case of ‘Samen Slim met 
Energie’?”.  

For Pelec the peak loads are timed very similar. The clusters have their peak between 7 
and 9 pm. However, the load profiles differ in the magnitude and width of the peak. For example 
Cluster 1 has a relatively flat profile, which peaks from 3:30 till about 9:30 pm. On the other 
hand, Cluster 3 has a short peak between 7 and 9 pm. When combining these findings with 
Table C.1, it might be concluded that having more children has a positive effect towards peak 
electricity consumption. This is likely caused by the fact that the children are at home earlier 
than the (working) adults are.  
 The ECn_calc clusters differ a lot in terms of timing of the peak. From the results of Table 
C.1 and Figure 5.9 it can be concluded that more adults increases the evening peak between 
4:30 and 7 pm. Furthermore having no PV installation seems to increase the length of the 
evening peak as well as the morning peak. This last effect might be the result of the relation 
between having children and having a PV installation. It is unlikely that the PV installation by 
itself influences the load profile early in the morning or late in the evening, when the sun is 
almost under. 

 
Overall the characteristics which proved to relate to (peak) electricity load do not show an easy 
to interpret relation between households’ characteristics and the electric load. It is suggested 
that this is caused by the data quality of both the load profiles and the questionnaire. The PV 
data seems to have influenced the results to an extent which is smaller than initially was 
assumed. The relations that could be determined for Pelec are almost similar to those found for 
ECn_calc. The questionnaire data also had a large influence. As the new questionnaire did get 
too little response, the dataset of Sedee was used. Even in this dataset the number of 
respondents is restricted (61 out of 96). Furthermore the variables seem to have been defined 
sub-optimal, resulting in little variation within the variables. Lastly a lot of data was not collected, 

Figure C.1: Final household average load profiles over the period from April – June for the 61 households of the household characteristics data 
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the amount of televisions and computers at home, the size of the house and the occupation of 
the other residents. It was expected that these variables would be of influence, but due to the 
low questionnaire response the variables could not be included in the analysis.  

Shifting the electric load of household actions 

For the second section, Section B the first sub-sub-question to answer was: “How do 
households organize the practices of dishwashing and washing?”. The answer to this question 
is illustrated in Appendix V and 0 for dishwashing and washing respectively. Furthermore, 
Paragraph 8.1 and 9.1 contain the elaborate description of the dishwashing and washing 
practices.  
 It was found that the dishwasher has a very important role in cleaning up of the 
households’ dishes throughout the day. The dishwasher functions as a cleanup box to put away 
dirty dishes. In a sense the household thus organizes the cleanup of dishes around the 
dishwasher as cleanup box. When the cleanup box is full, or too full to be of function until the 
next dishwashing timeslot, the dishwashing action continues with preparing and turning on the 
dishwasher.  
 The washing machine has a less prominent, but more delicate task in the household. It 
is tasked with cleaning the clothes, without ruining them in the process. When the laundry 
basket is full, or certain laundry items are immediately required, the household starts with 
washing preparations and turns on the washing machine.  
 For both dishwashing and washing it was found that the main trigger to start the 
appliance is enough dishes or laundry to fill one machine. The conventional way of organizing 
the practices throughout the day or week result in the machines frequently turning on during the 
evening peak. Even though most of the households possess PV installations, there is no trigger 
to start the machines earlier on the day, when the sun is shining.  
 
The practice elements that obstruct or enable households to shift the electricity consumption of 
the dishwasher and washing machine were identified to answer the second sub-sub-question: 
“What elements of dishwashing and washing practices obstruct and enable shifting of the 
electric load?”. These elements were elaborated on in Paragraphs 8.2, 8.3 and 9.2, 9.3.  
 The limitations that were found to influence the dishwashing cycle were; the dishwasher 
size, amount of dirty dishes that is created by the household, the dishwashing timeslots as they 
were defined in Paragraph 8.2 and finally the household dinnertime. For dishwashing the 
greatest opportunities for shifting the electric load were to shift the entire dishwashing cycle 
from starting in the morning to either starting after lunch or starting after dinner. This way the 
dishwasher is expected to fill up the next time either after breakfast or after lunch. 
 The limitations towards shifting the washing cycle were; the amount of dirty laundry 
created, the availability of clean clothes and the washing timeslots. The greatest opportunities 
for shifting the washing machine load were created by the laundry basket and the possibility to 
cram the laundry into the machine. 
 It seems that this research succeeded in determining elements which obstruct or enable 
the households to adapt their practices. However one of the most important enabling factors, 
which was frequently suggested by the interviewees is an (economic) incentive. The 
interviewees indicate to not be willing to adapt their habits when they are not rewarded. They 
state that it is only fair that they are compensated for the effort they put into changing their 
normal way of doing. This incentive element is currently not incorporated in the practices defined 
in this research. This is because the incentive is a novel element, however the organized 
practices that were constructed in this research can be used to determine where the incentive 
should be implemented.  
 
Finally also the findings of Section B are combined in order to answer the second sub-question: 
When is it possible to intervene in the dishwashing and washing practices, for the case of 
SSmE?  
 It was thus found that shifting the entire dishwashing cycle provides the greatest 
opportunities for shifting the load in time. Because of this it is assumed that the best time for 
intervention is after dinner, when the household decides to start the dishwasher. In line with the 
dishwashing practice the household should be motivated to postpone dishwashing, ideally until 
after the next meal. This intervention should aim to systematically shift the entire dishwashing 
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cycle one meal in time. The best location for this intervention seems to be on the dishwasher, 
as this will ease the household in deciding upon the most desirable moment.  
 For washing a different intervention seems more appropriate. The households are 
triggered to do the laundry when they notice a full (enough) laundry basket. Because the trigger 
is experienced when noticing a full laundry basket, this seems to be the appropriate time and 
place for an intervention.  
 However for the location of intervention there is also the option for a central device 
which advises about the appropriate moments for washing and dishwashing. Important for this 
device is that it does discriminate between the different practices. For dishwashing the device 
should indicate more moments, on a shorter timescale, while for washing the device should 
indicate the appropriate moments over a longer period of time. The ideal device should also 
incorporate the households normal times for being at home, eating meals and whether there is 
a timer incorporated in the dishwasher and washing machine.  

Influencing household electricity consumption practices 

Finally it is sought to answer the main research question; “(How) can practices be influenced to 
decrease the electric peak load of households?  
 This research aimed to combine consumer actions in the form of household practices 
with household electric load profiles, in order to determine how electric peak load of a household 
can be reduced. The goal of this research was thus to determine if practices can be influenced 
to decrease electric peak load. It was thought that relating household practices directly to 
household electric (peak) load would be too difficult and therefore it was chosen to take as 
intermediary the relation with household characteristics. These household characteristics would 
enable this research to relate practices with electric (peak) load.  
 The relations between electric load and household characteristics that were found are 
not as explicit as expected. Only a few characteristics were found to relate to the different 
household load profiles and even fewer relations could be statistically supported. The electric 
load profile shape of the SSmE households are dominated by the PV installations and further 
influenced by the occupation of the questionnaire respondent and the number of adults residing 
in the household.  

For the dishwashing and washing practices the greatest opportunities for intervention 
concern the timeslots. These timeslots are determined largely by at least one adult resident 
being at home. Thus additional residents increase the timeslot options, furthermore the 
occupation of the adults determines when a resident is at home. There seems thus indeed a 
relation between the practices and the load profile. This relation is via the occupation and 
number of adults as household characteristics and the timeslots as element of the practices. 
The occupation and number of adults influences the number and duration of timeslots which 
are applicable for dishwashing and washing.  

The electricity consumption of the dishwasher and washing machine is only marginal 
on the total household electricity consumption. As was determined through study of literature 
and confirmed by the interviewees, there is very little opportunity for shifting loads other than 
that of the dishwasher and washing machine. However, it is expected that the introduction of 
the electric vehicle and heat pump will increase the share of total household electricity 
consumption that can be shifted in time (Kobus, Klaassen, Mugge, & Schoormans, 2015). It 
seems thus that there are opportunities for social adaption DSM. However a lot of effort is 
necessary to motivate households to participate.   
 
Concluding, the results of this research indicate that indeed dishwashing and washing practices 
can be influenced in order to alter the electric loads of households. However, the relations could 
only be proven to a limited extent. Furthermore future developments are highly important in 
order to successfully alter the household electric load profile. Therefore this research concludes 
that for decreasing the household electric peak load there are opportunities for social adaption 
DSM. As consumers have to be acceptable towards DSM programs there are plenty reasons 
to include the consumers in the DSM program.  
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C.2 Reflection 

This paragraph evaluates the theoretical implications of present research and concludes with 
suggestions for future research. This paragraph follows the structure of the research chapters, 
starting with reflecting on Section A and subsequently covering Section B. The theoretical 
implications sub-paragraph sketches the implications of this research for the fields of Clustering 
Theory and Social Practice Theory. Finally the future research will indicate the open questions 
as a result of this research.  

Theoretical implications 

The theoretical fields on which this research depends are that of Clustering Theory and Social 
Practice Theory.  

 

Clustering Theory 
Clustering theory was applied in order to group different household load profiles. More 
specifically K-means clustering was applied on average electric load profiles and calculated 
average net electricity consumption load profiles of 96 households. The households were all 
part of the dataset of ‘Samen Slim met Energie’, a cooperative smart grid pilot. This data 
restricted the data to that of the months April – June. This data consists mainly of quarterly load 
and irradiation data.  
 The results of the K-means clustering iteration indicated that K-means clustering is 
applicable to electric load data. These same results also indicated that K-means clustering is 
not conclusive for the number of clusters (K) and the ‘optimal’ clustering outcome. In order to 
determine these two components this research relied on the Sum of Squared Error (SSE) 
calculation. This calculation helped to indicate the appropriate K and was used to determine the 
‘optimal’ clustering outcome. The latter was determined by the lowest SSE found in 50 clustering 
iterations. This method seems to be a more objective method than the researchers’ 
interpretation, which is often the reason to choose the final number of clusters. 

Researchers applying clustering theory are currently struggling with aspects such as 
the optimal number of clusters (K), the optimal initialization and whether to normalize the data 
(Jain & Dubes, 1988). This research experienced that it is indeed difficult to objectively 
determine K, but even though it is expected that future research would find similar clusters for 
this particular dataset. 
 
Because of limited response to the questionnaire it was chosen to re-run the clustering iteration. 
This second iteration was executed with 61 of 96 original cases. Except from the clusters which 
initially contained very few cases, there were very little changes in the cluster division. This 
indicates that K-means clustering of household load data is a rigid method.  
 

Social Practice Theory 

Social Practice Theory (SPT) was applied in order to determine how to successfully intervene 
in the practices of dishwashing and washing. The goal of the intervention was to shift the electric 
load in time, in order to decrease peak electricity consumption. The practices were constructed 
on the basis of an adapted version of the SPT framework of Shove & Pantzer (2005) and five 
interviews, conducted among SSmE participants.  
 The application of the SPT framework resulted in a detailed description of the 
dishwashing and washing practices. This description could also be used to determine practice 
elements which limit or enable shifting of the practices. In the end, the adaption of the SPT 
framework of Shove & Pantzer (2005) was a valuable adaption for this research. The four 
phases helped to distinct in the order of which the different elements are of importance. It was 
especially promising to note that the same phases could be applied to the dishwashing action 
and the washing action. It is therefore expected that the phases are also applicable to other 
(electricity consumption related) practices. 

Future research 

This last sub-paragraph reflects on the questions which have been left open by this research. 
Starting with Chapter 4, the questions left open by every chapter are discussed.  
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Chapter 4 discussed the PV filter. This PV filter was introduced as a novel way to calculate the 
PV production of a rooftop PV installation, when this data is not available. The PV filter uses the 
Irrad and electric load data in order to construct a PV model, which in turn can be used to 
determine the PV production for every moment of the day. The main problem with this filter 
seems the Irrad data, which is thought to be incorrect. As was discussed, Irrad is measured too 
far away from the PV panels, therefore future research should aim to test the PV filter on data 
of households close to the location where Irrad is measured. Ideally the real PV data should be 
available, in order to accurately determine the performance of the PV filter. 
 Another approach for future research is to only use data of sunny days. The PV filter 
did predict accurately on days where the Irradiation did not fluctuate. For these days the 
calculated electricity consumption (ECn_calc) is thus expected to be a good representation. This 
might lead to better ECn_calc clusters and thus more relations to be found between the clusters 
and household characteristics. However in order to apply this method it is important to 
incorporate more data. This research could not include only the sunny days, as this would leave 
too little data for the analysis. 
 In Chapter 6 the household characteristics were coupled to the different clusters. It was 
found however, that the different household characteristics variables were not properly 
constructed. It is thus advisable for future research to make sure that the characteristics are 
defined in the proper manner. Especially when the dataset is relatively small, it is important to 
create enough variation in the household characteristics. 
 
For the social practices from Section B there are also recommendations. The first is that future 
research should focus on testing the constructed practices. An important question is: Do the 
households indeed execute the practices as was found in this research? Furthermore the timing 
of the activities is important. The households indicated to run a lot of the dishwashers and 
washers in the evening, it is however not determined when the households actually turned on 
the appliances. It would be interesting to register the use of households, by for example 
providing them with a diary in which the households register when the appliances run.  
 A second interesting topic for future research is to investigate if the proposed 
intervention is effective. Again a diary or energy consumption meter can be used to measure 
the use of the appliance before and after intervention.   
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I. Appendix – Datasets 

 
Variable Meaning Dataset 

Irradiation (Irrad) Measured solar irradiance [W/m2]  1  2 
Photovoltaic production (PV) The real amount of electricity produced by the solar 

panels.9 [W] 
X 2 

Net electricity consumption 
(ECn) 

The real amount of electricity consumed by the 
household [W] 

X 2 

Gross electricity consumption 
(ECg) 

The amount of consumed electricity – the amount of 
produced electricity (ECn – PV).10 [W] 

1 2 

Gross photovoltaic production 
(PVg) 

The amount of produced PV power – the amount of 
consumed electricity (PV – ECn).11 [W] 

1 2 

 

Dataset 1 

Samen Slim met Energie (SSmE) 

In the SSmE data there are 104 cases, of which 4 are large consumers which were identified 

as companies. 78 of the cases have at any point in time had a return power, which was classified 

to be solar PV production. 

 The SSmE dataset starts at October 2014, but only from January 2015 data of all 

participating households is being gathered.  

Dataset 2 

Jouw Energie Moment (JEM) 

In the JEM dataset there are 10 cases, of which all have solar PV power installed and 

occasionally return power to the grid.  

 The JEM data starts at 1-1-2013 and ends on 31-12-2013. More data is available, but 

was not used in present research.  

  

 
9 It is assumed that electricity production can only occur because of installed PV power. Other production sources like residential wind 
mills and micro-chp were not reported by the participants. 
10 Negative values are set to ‘not a number’ (NaN). Where PV > ECn  ECg = NaN. 
11 Negative values are set to ‘not a number’ (NaN). Where ECn > PV  PVg = NaN. 
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II. Appendix – Household characteristics 
 
The characteristics found by Rhodes et al. (2014) are listed in the first table. The characteristics 
found by Yohanis et al. (2008) are listed in the second table. Because of fundamental 
differences in their inquiries Rhodes et al. could determine significance of the different 
characteristics. The significance was even determined for the different seasons. This is 
indicated in the first table with the * marking the level of significance.  
 
Characteristic Summer Fall Winter Spring 

Solar pv system   ***  
Green-built home     
Smart thermostat   *  
Number of computers, laptops, tablets etc. *    
Number of vehicles     
Electric vehicle   ***  
Work from home (more than 20 hours) *** **  * 
Amount of males     
Amount of females     
Amount of children (under 18)     
Highest education level of occupants    * 
Income    * 
Hours spend watching tv ** *  * 
Energy intelligence quiz     
Happiness of homeowner     

  
 Characteristics of Rhodes et al. (2014). Stars mark significance of characteristic. 
  ***  0.000 **  0.01  *  0.05 
 
Characteristic 

Building location 
Building type 
Building size 
Building age 
Amount of occupants 
Amount of daytime occupants 
Employment of occupants 
Income 
Age of occupants 
Amount of TVs 
Amount of game consoles & computers 

 
 Characteristics found by Yohanis et al. (2008)  
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III. Appendix – Regression variables  
 
Variable Meaning Occuring values 

City City where the household is 
located 

Other (1)  
Helvoirt (2) 
Haaren (3) 

House If the house is detached or 
not 

Not detached (0) 
Detached (1)  

# residents Amount of residents in the 
household 

1 – 6 

# children Number of children under 18 
in the household 

0 - 3 

Education Education level of 
respondent 

Other (0) 
MBO (1) 
HBO (2) 
WO (3) 

Income Total income of the 
household 

< 15.000 (1) 
15.000 – 33.000 (2) 
33.000 – 50.000 (3) 
50.000 – 100.000 (4) 
> 100.000 (5) 
Do not want to tell (6) 

Worker If the respondent works for a 
boss 

Yes (1) No (0) 

Independent If the respondent is his own 
boss 

Yes (1) No (0) 

Pensioner If the respondent is a 
pensioner 

Yes (1) No (0) 
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IV. Appendix – Interview  
General 

First I would like to ask some general questions about the pilot and DEH. 

Q: Why do you participate in the Together Smart with Energy pilot? 

Q: Did you install your ectual? 

 Q: Why not? 

Q: Have you visited the energy platform at any point in time? 

 Q: What do you think of the energy platform? 

 Q: How often do you visit the platform on average?  

 Q: Do you use the platform to get insight into your own energy use? 

 Q: Do you use the platform to get in contact with other participants? 

 Q: Does the platform help you to save energy? 

 Q: What parts of the platform do you use the most? 

  Q: Why do you use these parts most? 

  Q: How often do you use these? 

 Q: What would you like to see added to the platform? 

 Q: How do you rate the platform? 

Planning 

The next questions concern the planning and execution of actions with which electricity is 

being consumed. All actions in and around your house are relevant, as well as actions done 

by other occupants.  

Q: Are there any actions, which you plan before execution? 

Q: Are there actions, that you can shift in time? 

Q: What are reasons to shift these actions in time?  

Q: Are there actions which you would like to shift, but are currently unable? 

 Q: Why are you currently unable 

Q: What are potential advantages and disadvantages of shifting actions in time?  

Q: Could the shifting of actions be eased up for you?  

 Q: How can this be done?  

Dishwasher and washer 

The next questions specifically concern the actions of washing and dishwashing.  

Q: Do you own a dishwasher, washer and dryer?  

Q: How often in the week do you run the dishwasher and washer? 

Q: What is for you the ‘normal’ time to run the dishwasher and washer? 

Q: How do you determine when to run the dishwasher and washer? 

Q: Can you describe in short what you do from the moment that you decide to go and do the 

dishes or the wash? 

Q: Does your dishwasher and washer have a timer?  

 Q: How often do you use this timer? 

Q: Why do you (not) use the timer? 

Q: Would you set your timer to a time as indicated by DEH? 

 Q: Why (not)? 

Q: Do you think that it is possible to use less energy with dishwashing and washing? 

 Q: Where do you see possibilities?  

Solar panels 

Q: How much capacity of solar panels do you have?  

 Q: Why did you choose to get solar panels? 

 Q: Can you explain what happens with the energy your solar panels produce?  

Q: What is your opinion concerning the use of own produced solar electricity? 

Q: Do you know how much of your own produced solar electricity you use yourself? 

Q: Do you know ways to use more of your own solar electricity?  
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V. Appendix – Dishwashing diagram  
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VI. Appendix – Washing diagram  
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