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Original research article 
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A B S T R A C T   

The installation of solar panels by residential households is vital for the energy transition. However, the rapid 
uptake of solar panels by households leads to congestion in the electricity grid. Specifically, when the sun shines, 
these solar panels simultaneously produce a lot of electricity that is fed into the grid, which is inefficient and can 
destabilize the grid. Consequently, it is better if self-produced solar energy is directly consumed when the sun is 
shining. Loadshifting involves shifting energy use (e.g., doing laundry) to periods in which energy is produced. 
This necessitates behavior change within the household, and it is not yet well understood why people struggle to 
loadshift. To assess the individualistic and contextual factors influencing laundry loadshifting behavior in the 
Netherlands, we conducted a survey among 283 Dutch households with solar panels. The survey builds on a 
framework that integrates aspects of the theory of planned behavior and social practice theory. The framework 
comprises eight factors (sufficiency attitude, user beliefs, know-how, monitoring skills, habits, hassle, practical 
knowledge provided, and feedback provision by system design), which are quantitatively measured and 
analyzed. We used multiple regression analysis to explore the collected responses. Results show the relevance of 
monitoring skills, strong habits, passive user beliefs and practical knowledge for laundry loadshifting behavior. 
Findings highlight that instead of asking people to adjust to technologies, technologies should support behavior 
change and understand its intricacies and connections to its broader context. Additionally, it is important to 
strengthen households' beliefs regarding their active role in the energy system.   

1. Introduction 

As is widely recognized today, greenhouse gas emissions must be 
reduced significantly due to their global warming potential contributing 
to climate change. Energy production and consumption are essential 
contributors to global warming, and greenhouse gas emissions from 
energy production and consumption continue to rise [1]. In the Euro-
pean Union, households are responsible for more than a quarter of final 
energy consumption, mainly relying on natural gas and electricity 
generated from fossil fuels [2]. For instance, electricity production in the 
Netherlands still relies mainly on natural gas (46.5 %) and coal (12 %) 
[3]. Burning these fossil fuels to meet household energy demand re-
mains one of the key drivers of climate change, with energy use by 
households accounting for about 20 % of global carbon dioxide emis-
sions [4,5]. 

Switching to renewable energy technologies such as photovoltaic 
solar panels is an effective way for households to reduce the emissions 

associated with their energy demand [4,6]. Solar panels provide 
households with the opportunity to substitute indirect consumption of 
(fossil) fuels from the electricity grid with direct self-consumption of 
self-produced solar energy. Self-consumption, referred to in this paper as 
prosumption, is defined as the share of total electricity produced by the 
household solar panels that is directly consumed by the residents [7,8]. 
Residents who consume their self-produced energy are referred to as 
prosumers [7–9]. To be specific, we follow the definition of prosumers of 
Inderberg and colleagues, who refer to “small-scale end users, who, in 
addition to using electricity from the grid, generate power for their own use 
and export it back into the electricity system” [10, p.258]. Prosumption not 
only helps to reduce emissions from household energy demand but also 
reduces the burden on the electricity grid. Primarily during peak 
daylight hours, the increasing saturation of solar panels offloading 
power onto the grid is known to cause congestion problems and energy 
losses through the curtailment of electricity produced by solar panels in 
many countries [11]. 
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Prosumption of solar energy could thus help alleviate grid congestion 
if prosumers use their self-produced energy during peak hours, reducing 
the power that is offloaded onto the grid during these hours. However, 
such effective prosumption requires a behavior change in the residents 
in the house. For example, they need to break routines and adapt their 
demand patterns to the variable supply of solar energy instead [12,13]. 
Stated simply, prosumers need to use appliances such as the dishwasher 
or laundry machine when the sun is shining. The demand for electricity 
is thus shifted to those periods when electricity is produced: from 
nighttime to daytime [8]. Throughout this paper, we use the term 
loadshifting for time-shifting the use of energy-intensive appliances to 
periods in which a household's solar panels produce solar energy. Ample 
loadshifting studies have focused on doing the laundry since this 
behavior examples well for understanding time-shifting to synchronize 
supply and demand patterns, being a flexible but resource-intensive 
household practice [14–16]. However, as of yet, a clear overview of 
what factors influence laundering time-shifting is lacking [17]. In this 
study, we first consulted solar energy experts about these factors, 
studied the literature on this topic and finally used the output for the 
design of a survey. We distributed the survey among 283 Dutch resi-
dential solar energy prosumers. The Netherlands makes for an exciting 
and timely case to study prosumption because so many people already 
have solar panels. In fact, the Netherlands is the European frontrunner 
regarding the installed capacity of solar energy per person [18], as >20 
% of households and businesses possessed solar panels at the beginning 
of 2022 [19]. 

1.1. Background: the Dutch solar energy landscape 

In the Netherlands, congestion of the electricity grid has become an 
especially prominent topic since the demand for electricity transport 
from both the electricity provider and the electricity consumer is far 
more extensive than the transport capacity of the grid. This demand for 
electricity transport through the grid will continue to rise as the number 
of installed solar panels continues to increase to record heights, with the 
total capacity of electricity generated by solar panels growing by 30 % 
over the past year [20]. This electricity is desperately needed, as the shift 
away from coal- and gas-based energy towards appliances running on 
(renewable) electricity (such as heat pumps or electric vehicles) means 
Dutch grid operators are struggling to satisfy the vast electricity demand 
of businesses and new residential areas [21]. Yet prosumers often do not 
use a large share of their self-produced solar energy, especially during 
peak production hours (e.g., during sunny summer days). Instead, the 
excess energy produced by the growing number of residential solar 
panels is injected into the grid, causing extensive and sudden peaks of 
solar energy inflow and further destabilizing the already congested 
electricity grid [20]. 

Specific policies may increase or decrease prosumption levels. For 
instance, the Dutch net-metering scheme1 was initially employed to 
support decentralized energy production yet discourages solar energy 
prosumption [9]. Under net-metering, Dutch prosumers receive the 
same monetary compensation for the energy they inject into the grid as 
they pay for the energy withdrawn from the grid, which does not 
financially incentivize prosumers to prosume as grid-produced and self- 
produced energy have the same economic value [9]. To help alleviate 
grid congestion, several of the Netherlands' largest electricity grid op-
erators have called to dismantle the net-metering scheme as soon as 
possible [19,22]. Heeding this call, the Dutch government is planning to 
phase out net-metering from 2025 onwards, dismantling it entirely by 

2031 [23]. This decision is causing substantial political and public 
debate, as some are concerned the dismantling of net-metering will 
cause people to refrain from buying new solar panels [24]. 

The political developments described in the previous paragraph 
show the emphasis that is currently placed on financial factors influ-
encing prosumption, with Dutch policymakers focusing on the imple-
mentation of monetary incentives alone. However, it is crucial to assess 
whether any other factors influencing loadshifting are at risk of being 
overlooked. Both Gautier et al. [17] and Braito et al. [25] state that 
prosumption policies should look beyond financial incentives and make 
sure any behavioral barriers or drivers for prosumption are understood 
and included beforehand. Similarly, Gohary et al. [26] have shown that 
the vast majority of people do not adequately process nor understand 
price signals policymakers are focusing on to balance supply and de-
mand. Thus, research and policy should focus on alternative strategies 
for communication and engagement rather than maintaining a domi-
nant focus on the magnitude of these price signals [26]. This study ad-
dresses this issue. 

1.2. Increasing prosumption of solar energy 

Despite the advantages regarding efficiency and electricity grid 
congestion, most studies estimate that prosumption levels of self- 
produced solar energy are no higher than 35 % in most European 
countries [7]. In the Netherlands, yearly prosumption levels are 
approximately 30 % of self-produced energy, although varying 
depending on, e.g. electricity prices [27]. Levels of prosumption are 
relatively low, mainly due to the disparity between solar power gener-
ation during the day and prosumer demand in the evening [28]. This 
disparity could be overcome through two main approaches intended to 
increase prosumption levels. The first approach is through battery 
storage systems, allowing prosumers to store solar energy produced 
during the day for later use [7,8]. Requiring no behavior change, the 
potential of such systems seems promising: Luthander et al. [7] found 
the use of batteries could increase prosumption of solar energy by 13–24 
%. Still, battery storage systems remain rather costly for residential 
households [29]. 

The second option to increase solar prosumption is through behav-
ioral measures such as loadshifting. Loadshifting means time-shifting 
the use of energy-intensive appliances to periods in which a house-
hold's solar panels produce solar energy. If desired, such behavior can be 
supported by technological devices offering (partial) automatization, 
such as laundry machines that provide a signal when solar panels are 
producing energy [30]. Unlike battery storage systems, loadshifting 
(with or without technological support) is an inexpensive measure to 
increase prosumption levels that can be implemented immediately. 
Thus, to increase prosumption levels quickly without extra costs for the 
prosumer, electricity grid operators state that loadshifting should be 
encouraged [20]. 

1.3. Understanding loadshifting behavior 

The behavioral foundation of loadshifting has received limited 
attention in research and is thus not yet well understood [17]. Some 
previous studies have focused on the level or potential of prosumption, 
though the results are inconclusive. For example, Korsnes and Thrond-
sen [31] studied the loadshifting behavior of prosumers in Norway using 
qualitative methods. They found that monetary incentives alone are not 
sufficient to achieve loadshifting, as energy-consuming behaviors are 
determined by daily circumstances (i.e. the need to wash children's 
clothes). Hansen and Hauge [32] investigated whether solar energy 
production impacts energy consumption practices and found that 
increased awareness of their surroundings (e.g., knowing when the sun 
is shining) helps prosumers adapt their energy consumption patterns to 
the availability of solar energy. The impact of loadshifting on daily 
routines is also outlined by Friis and Haunstrup Christensen [33]. Most 

1 The net-metering scheme is referred to as the “salderingsregeling” in Dutch. 
Households that generate power using solar panels but do not use all that power 
themselves feed that excess power back into the public grid. Households may 
subtract the energy they produce from the energy they take from the grid at 
another point in time. This subtraction is called net metering. 
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notably, they discuss how loadshifting impacts other household rou-
tines, such as getting out of bed earlier or shifting breakfast times in 
order to do the laundry in the morning [35]. Behavioral adaptations are 
though not a one-off occurrence, as energy consumption behaviors 
might have to follow not only daily but also annual fluctuations of en-
ergy production. For example, one might be able to charge an electric 
car within a couple of hours in summer but not in winter. To accom-
modate such fluctuations, prosumers might have to adopt seasonal 
mobility patterns [34]. 

A Dutch study about laundry loadshifting showed that smart appli-
ances (e.g., smart laundry machines) help households shift the use of the 
laundry machine to periods in which the household's solar energy sys-
tem produces energy. However, this quantitative study focused on the 
effect of technical appliances alone and did not include other factors that 
can influence loadshifting behavior [30]. Some studies using qualitative 
self-reporting measures suggest that prosumers often want to and can 
change the timing of their electricity use to synchronize production and 
consumption levels [17,37]. Yet, some quantitative studies find no ev-
idence of such a shift. Moreover, although households with solar panels 
are found to unsurprisingly consume less electricity from the grid than 
those without solar panels, these differences diminish when solar energy 
production is low [4,37]. This finding seems to indicate that prosumers 
do not adapt their energy consumption according to the availability of 
self-produced energy. Similarly, Peters et al. [38] found that whilst 
many new prosumers intend to prosume as much as possible when 
getting their solar panels installed, most fail to realize this intention in 
the longer term. Prosumer behavior may even reflect a rebound effect, 
where households increase their energy consumption levels compared to 
before the installation of their solar panels [36]. Thus, prosumers may 
show a tendency to use more energy than necessary to not “lose” their 
self-produced energy [32]. Whilst beneficial for households confronted 
with energy poverty, an increase in energy consumption is generally not 
desirable [35]. 

Overall, it is not understood why even well-intentioned prosumers 
struggle with loadshifting. In order to establish strategies to support 
prosumers in their prosumption efforts, more understanding is needed of 
the reasons why prosumers do or do not loadshift. Niamir et al. [39] 
suggest that prosumers may lack knowledge of what prosumption is or 
why it matters, as respondents did not distinguish between energy 
produced for prosumption and overall energy produced. The relevance 
of knowledge on energy availability is also outlined in a study by Gram- 
Hanssen et al. [40]. Their quantitative analysis showed that the provi-
sion of more granular data about energy availability and use (hourly 
metering) was an essential factor impacting loadshifting in Danish 
households. In addition, Gill et al. [41] identified several factors 
affecting the efficient use of solar hot water systems in Australian 
households (e.g., shifting taking a shower from night to daytime). These 
include motivation, awareness through monitoring, social norms, 
everyday practices or habits, sources of advice or information, and 
household- and property characteristics [41]. Gautier et al. [17] studied 
factors impacting the prosumption of solar energy specifically, focusing 
mainly on institutional and contextual factors. These factors include the 
effects of net-metering and subsidies for storage, as well as socio- 
demographics [17]. Studies focusing on the installation of solar panels 
(rather than prosumption) are still more numerous, with Ebrahimigh-
arehbaghi et al. [42] identifying household- and property characteris-
tics, awareness, and hassle as important barriers. 

However, to the best of our knowledge, none of these studies 
mentioned in the previous paragraphs provide a clear set of factors 
influencing loadshifting - and in particular time-shifting laundry prac-
tices - yet. Moreover, most of these studies focus on prosumption in 
general (not specific to solar energy) or solar prosumption without an 
explicit focus on (laundry) loadshifting. Still, these previous studies do 
imply that the reason why prosumers struggle to prosume relates to 
more than just individualistic characteristics: barriers may also refer to 
the context prosumer households operate in. Thus, to improve our 

understanding of laundry loadshifting, a broad range of factors influ-
encing this practice need to be studied, considering both individualistic 
and contextual factors. 

To understand contextual and individualistic factors influencing 
laundry loadshifting, we developed a survey, the design of which is 
based on a theoretical framework (see Section 2.3) and the results of 
expert interviews (see Section 3.1.1). In the subsequent section, we first 
introduce this theoretical framework. Our methods are discussed in 
Section 3. The results of our analyses are presented in Section 4, and we 
conclude with a discussion of these results in Section 5. 

2. Theoretical framework 

We have outlined that factors relating to the individual prosumer, as 
well as the context in which an individual operates, should be consid-
ered when studying laundry loadshifting behavior. Different behavioral 
theories and models include such individualistic and contextual factors 
[43–45]. Generally, a distinction can be made between theories focusing 
mainly on (1) the individual performing the behavior or (2) the context 
in which the individual performs said behavior [46]. 

2.1. The theory of planned behavior: focusing on individualistic behavior 

A well-known theory in the first category is the theory of planned 
behavior [47]. It states that voluntary behavior is directly influenced by 
an individual's behavioral intention [48]. This intention is a function of 
attitudes, subjective norms and perceived behavioral control, which are 
all shaped by beliefs [49]. Thus, the theory of planned behavior is an 
influential psychological theory focusing heavily on cognition and 
voluntary, intentional behavior. Since its origin, the theory of planned 
behavior has been used in countless studies to assess many different 
kinds of individualistic behaviors. 

However, the theory of planned behavior generally disregards sub-
conscious influences on behavior, such as emotions or habits [49]. 
Furthermore, the theory of planned behavior neglects the importance of 
social relations, as well as contextual factors such as material in-
frastructures, which may enable or restrict certain behaviors (e.g., 
available technologies, devices, or other tools) [32]. These shortcomings 
affect the usability of the theory of planned behavior to study household 
energy consumption. This is because, when it comes to household en-
ergy consumption, many behaviors (including doing the laundry) are 
not guided by a deliberate intention but are routinized. This means that 
such behaviors reflect subconscious habits that are deeply embedded in 
everyday life [50,51] and which are strongly influenced by contextual 
factors (e.g., demand for clean laundry by other household members or 
social norms related to personal hygiene). The focus of the theory of 
planned behavior on voluntary, intentional, and purely individualistic 
behavior thus makes this theory unsuitable for covering the complexities 
of household energy consumption. 

2.2. Social practice theory: focusing on collectively shared behavioral 
patterns 

Following the line of reasoning of the previous paragraph, behavioral 
research focusing on household energy consumption has often made use 
of socio-psychological theories which explicitly include the context 
surrounding the individual. Such a theory is social practice theory, 
which places the focus on an everyday practice rather than on the in-
dividual performing said practice [50]. A practice is hereby defined as a 
socially shared convention or pattern of behavior, which has become 
routinized due to the interconnectedness with day-to-day routines and 
structural conditions [50,52]. As such, a practice is a behavioral pattern 
that is shared by a collective (i.e., a household). Unlike the individual-
istic behavior itself, being the main focus of the theory of planned 
behavior, social practice theory thus considers this collectively shared 
concept of “practice”. 
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Shove et al. [53] developed a framework in which they divided such 
a social practice into three intertwined elements, which was extended by 
Hess et al. [50]: materials (physical infrastructures, tools, hardware), 
meanings (mental activities, emotions, motivation) and competence 
(know-how, background knowledge, specific skills). Specific compe-
tencies thus correspond to what people need to know to perform the 
practice (“doings”), meanings cover how people perceive the practice 
and what is culturally said about the practice (“sayings”), and materials 
refer to all physical parts required for performing the practice (“hav-
ings”) [32]. Together, these three elements constitute the core of a 
practice and what people need to be able to perform said practice [32]. 
Klint et al. [54] used this framework to study the practice of doing the 
laundry by using fewer resources, and Frances and Stevenson [55] 
developed a similar framework to explore solar energy engagement. 
Similarly, Fox [35] studied solar entitlement and energy vulnerability in 
the context of prosumption. In the study by Fox [35], materials are 
considered to be the meters that help people understand when power is 
generated. Competencies refer to the knowledge of using solar energy 
efficiently, whereas meaning includes values and beliefs (e.g., solar 
panels are only for the rich, leading to aversion and reduced engage-
ment). However, despite arguably striking a better balance between 
individualistic and contextual elements than the theory of planned 
behavior, one must be wary not to lose the individual out of sight 
completely when applying social practice theory. Insights into the more 
cognitive aspects of behavior change, provided through, e.g. the theory 
of planned behavior, remain valuable. 

2.3. Our framework: combining the individualistic and contextual focus 

To include not just the individualistic focus on the prosumer as is 
expected in the theory of planned behavior, nor only the contextual or 
collective focus of social practice theory, but both of these focus points, 
we combined elements of the two theories into a single framework. To 
do so, we explicitly integrated the individualistic elements of the theory 
of planned behavior (attitudes and beliefs) into the “meanings” element 
of social practice theory. Similar to the approach by Frances and Ste-
venson [55], we further divided the “competencies” element into in-
ternal (know-how, monitoring skills, habits, hassle) and external 
(practical knowledge provided) competencies. To be clear, we do not 
claim these competencies to be entirely independent of each other, but 
we aim to distinguish them based on where the competence originates 
from. Thus, in this paper, internal competence refers to abilities 
possessed by a prosumer, which will vary per individual due to, e.g., 
differing personalities or previous experiences. In this paper, external 
competence refers to the competence extended to a prosumer from an 
external source (e.g., the practical information provided to each pro-
sumer by governmental bodies or the company installing the solar 
panels). Ultimately, we have selected eight factors for inclusion in our 
framework, divided over the three core elements of social practice 
theory as visualized by Shove et al. [53]. Our framework is displayed in 
Fig. 1. 

2.3.1. The selection and definition of our eight factors 
The selection of the eight factors included in our framework warrants 

further explanation, as well as detailed definitions. We based the se-
lection of factors and their definitions on similar factors found to in-
fluence prosumption in previous studies, as described in the paragraphs 
above. For example, Frances and Stevenson [55] refer to “feedback 
provision” to encompass all design elements of the solar energy system, 
which provide visual, direct, and synchronous feedback regarding en-
ergy production and consumption (such as displays). Luthander et al. [7] 
refer to such feedback devices as a primary reason for increasing pro-
sumption. Gill et al. [41] call this factor “material elements and opera-
tion”, referring to examples such as the opaque functioning of the solar 
hot water system and minimal or hard-to-discern energy savings regis-
tered on bills and meters. We chose to group these design elements 

under the factor name “feedback provision by system design”. Other 
factor names and definitions were taken directly from previous studies 
without needing such adaptation or integration. For example, “hassle”, 
defined as the degree to which people anticipate a particular behavior to 
be a hassle which causes stress and avoidance of this behavior, was taken 
from a study by de Vries et al. [6]. An overview of all eight factors 
included in our study can be found in Table 1. 

2.3.2. The limitations of our theoretical framework 
Before continuing, we would like to briefly point out some of the 

conceptual limitations of our framework, combining the theory of 
planned behavior with social practice theory. We feel this information 
will help readers interpret the rest of this paper. Firstly, seamlessly 
combining these two theories is a rather complex task, not in the least 
because they focus on entirely different units of inquiry. As previously 
described, the theory of planned behavior focuses on the individual as 
the central unit of investigation. In contrast, a collective practice is the 
unit of inquiry at the centre of social practice theory. This leads to 
substantial differences in e.g. terminology, which can be challenging to 
integrate. For example, from a purely social practice theory perspective, 
the factor of “habits” (which we grouped under internal competencies) 
cannot influence the practice of time-shifting the laundry, as the concept 
of a practice in itself relies on habitual actions. Yet, from a theory of 
planned behavior perspective, this is entirely possible. Additionally, 
from a social practice theory perspective, it would be more logical to 
question an entire household on the practice of time-shifting the laundry 
(a collective). Yet, we examined individual prosumers as one would do 
when taking a theory of planned behavior approach (see the Methods 
chapter). 

Secondly, regardless of being termed as individual behavior or as 
practice, it can be assumed that not all factors influencing time-shifting 
laundering can be taken into consideration in one single study. For 
example, we are not considering the effect of culture, although its in-
fluence on practices has been shown to guide sustainable transitions 
[56]. Similarly, the impact of motivation has been excluded despite its 
known effect on participation in demand response programs [57]. Jen-
sen et al. [58] analyzed a thousand studies on sustainable energy con-
sumption initiatives in 30 European countries, concluding that the 
insights provided by each study depend on the study framing (e.g., the 
type of behavior change that is assessed, the method to evaluate 
behavior change, the sample size, etc.). Accordingly, the insights of a 
single study cannot necessarily be generalized. This shortcoming also 
applies to the study presented in this paper. 

Fig. 1. Our newly constructed framework, with the eight selected factors as 
bullet points. 
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3. Methods 

To assess the individualistic and contextual factors influencing 
laundry loadshifting behavior among Dutch residents living in house-
holds with solar panels, we conducted a survey in the Netherlands. 
Surveys are a commonly used method in social science to collect a large 
amount of primary data regarding respondents' opinions and feelings 
[61]. Currently, such empirical data from a prosumer's point of view is 
missing in the field of laundry loadshifting behavior. Designing an 
exploratory survey provides us with the opportunity to make general-
izable statements about the experiences of a sample of respondents that 
is representative of Dutch homeowners and renters with solar panels. 
Further, it grants insights into the sample population's behavior and 
controls for the effects of confounding variables [48,61]. In this section, 
we describe the design and distribution of our survey. 

3.1. Survey design 

Considerable preliminary work went into our survey design, which 
was based mainly on the eight factors of our theoretical framework (see 

Fig. 1) and input from expert interviews to assess the suitability of this 
framework as the foundation of our survey (see Section 3.1.1). In this 
current section, we describe the process through which we designed our 
survey in more detail. 

3.1.1. Expert interviews 
Initially, we wished to use a survey to test the usability of our 

framework to study laundry loadshifting behavior in the Netherlands. 
However, we felt it would strengthen our survey if we could first 
incorporate a check of the potential and shortcomings of said framework 
before using it as the foundation for our survey design. We decided to do 
so by asking for expert input through interviews. Additionally, expert 
input could help us think of ways to operationalize the framework fac-
tors into measurable questions since there are no standardized ques-
tionnaires for the majority of these factors (see Section 3.1.2). We 
conducted six semi-structured interviews with solar energy experts. 
These interviews took place in February 2022. The selection of in-
terviewees was mainly based on their profession or the role of the or-
ganization they represented. We interviewed two commercial 
consultants, two senior researchers from independent organizations, one 
senior researcher from a Dutch university, and one person working on 
the energy transition for the Dutch local government. Interviewing ex-
perts of different professions within the solar energy sector should 
provide a comprehensive view on the matter of prosumption and 
laundry loadshifting. 

Although our framework was built on the theory of planned behavior 
and social practice theory, the questions included in the interview guide 
were purposefully left broad and open-ended rather than being based on 
any specific theory (see Appendix A [62] for the interview questions). 
This decision was made to ensure that interviewees were not steered in 
any particular direction regarding the factors they would or would not 
list. This involved experts simply being asked to what extent they feel 
solar prosumption and laundry loadshifting are a problem and which 
factors they think hinder prosumption of solar energy. In principle, we 
did not prompt factors ourselves or ask interviewees to confirm or deny 
any of our predefined factors since we were merely curious to see which 
factors came to mind. In the end, we wanted to see whether these listed 
factors showed any similarity with the factors included in our frame-
work, as well as whether any crucial factors had been missed in our 
framework. As such, the qualitative findings of the interviews helped us 
assess the likelihood that the factors predefined in our framework were 
actually experienced by prosumers in practice and should thus be 
covered in the survey. Ultimately, all factors predefined in our frame-
work were mentioned in some form by multiple interviewees, leading to 
the decision to include all eight factors in our survey. More information 
regarding the expert interviews can be found in the supplementary in-
formation (see Appendix A [62]). 

3.1.2. Final survey design 
The interviews validated the framework depicted in Fig. 1 as the 

foundation of our survey. Therefore, the survey should include questions 
intended to measure the eight factors displayed in this framework. Each 
factor was measured using two questions phrased by us, except for 
sufficiency attitude (three questions, taken from a pre-existing survey by 
Verfuerth et al. [60]). Three statements measured time-shifting laundry 
behavior (i.e. loadshifting), the dependent variable. The wording of 
these three statements was derived from the expert interviews, as mul-
tiple interviewees mentioned these three operationalizations of laundry 
loadshifting as examples. These questions were (1) When choosing a 
moment to do my laundry, I consider the electricity production of my solar 
energy system first, (2) I make use of an automated program/timer on my 
laundry machine so that it runs at a time when my solar energy system is 
producing energy, (3) By adjusting the use of the laundry machine to the 
energy production of my solar panels I try to utilize my own self-produced 
energy as much as possible. The response options were: never (1), rarely 
(2), sometimes (3), often (4), and always (5). Thus, we did not 

Table 1 
Overview of the eight factors from our framework.  

Factor name Definition Framework 
element 

Adapted 
from 

Feedback 
provision by 
system design 

Design elements of the solar 
energy system providing 
visual, direct, and 
synchronous feedback 
regarding energy production 
and consumption (on e.g., 
displays, energy bills) 

Materials [41,55] 

Know-how The ability prosumers have 
or acquire in terms of how to 
carry out the practice of 
(laundry) loadshifting 

Internal 
competencies 

[55] 

Monitoring skills Prosumers' ability to monitor 
their solar energy production 
and consumption regularly 
(e.g., by using an app or 
checking the weather ahead 
of time) 

Internal 
competencies 

[55] 

Habits Behaviors that are performed 
frequently and consistently 
in stable contexts 

Internal 
competencies 

[53,59] 

Hassle The degree to which 
prosumers anticipate 
(laundry) loadshifting to be a 
hassle, leading to stress and 
avoidance of this behavior 

Internal 
competencies 

[6] 

Practical 
knowledge 
provided 

Written or spoken advice, 
technical knowledge or 
documents regarding the use 
of the solar energy system 
which is provided to 
prosumers (by, e.g., 
governments, consultants, or 
technicians) 

External 
competencies 

[55] 

User beliefs Whether a prosumer believes 
to be an active or passive user 
of the energy grid and their 
own solar energy system (e. 
g., believing solar energy 
technology to be an active or 
passive tool to engage with, 
believing that their behavior 
makes a difference in the 
energy system) 

Meanings [32,41,55] 

Sufficiency 
attitude 

The degree to which 
prosumers aspire to live a 
sufficiency-oriented lifestyle, 
referring to a total reduction 
of resource consumption 

Meanings [60]  
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differentiate between prosumers who loadshift with or without tech-
nological assistance of automated devices, the important thing being 
that prosumers self-report that they run their laundry machine when 
their solar panels are generating electricity. Furthermore, eight ques-
tions were included to measure demographics and control variables. 

Ultimately, the survey consisted of 28 questions and was designed to 
take no >10 min to complete. This time restriction served to increase the 
completion rate. The survey was designed using Qualtrics, a web-based 
survey software, and distributed in the format of an online survey (see 
Section 3.2). The complete final survey design, as well as the division of 
questions per variable, can be found in the supplementary information 
(see Appendix B [62]). 

3.2. Data collection 

We contracted a commercial data platform (Dynata) to (1) distribute 
our survey among a sample representative of our targeted population 
and (2) to collect data. The population focused on in this study is defined 
as Dutch residents (homeowners and renters) living in a household with 
solar panels. Our sample should thus be representative of this specific 
population, not of the total Dutch population. To establish the required 
number of survey respondents, one should, therefore, first specify the 
size of this specific population in relation to the total Dutch population. 

It is assumed that at least 20 % of households in the total Dutch 
population currently have solar panels installed [18]. As of early 2023, 
the Netherlands consists of 8.3 million households in total [63]. Twenty 
percent of 8.3 million equals a population size of 1.660.000 households 
in our study (1.66 million). With a confidence level of 95 % and a margin 
of error of 5 %, we would need 385 survey responses. Due to resource 
constraints, this was unfortunately not a feasible number of responses 
we could ask Dynata to collect, hence we decided to increase the margin 
of error slightly. With a confidence level of 95 % and a margin of error of 
6 %, we would need 267 survey responses. As will be discussed in Sec-
tion 3.3, we ended up collecting 316 responses, of which 283 were 
included in our analyses. The margin of error for this study thus lies 
between 5 % and 6 %, which reduces the internal validity of our findings 
in comparison to a 5 % margin of error but is deemed acceptable for non- 
clinical exploratory research such as ours [64,65]. 

Using our specific description of the targeted population (Dutch 
residents with solar panels), Dynata reached out to this population 
through their online respondent platform, ensuring our survey would 
swiftly reach respondents who met this description. Dynata had no 
insight into the survey or the results. Several conditions needed to be 
fulfilled for a response to be included in the final study sample. Firstly, 
participants were excluded if they had zero solar panels installed, which 
was one of the first questions of our survey. When filling in ‘0’, these 
people were excluded automatically through a loop that led them out of 
the survey. Secondly, participants who took <60 s to complete the 
survey were excluded, as this time was deemed too short to read and 
answer all questions properly. Thirdly, participants were excluded in the 
case of missing data, i.e. if they did not complete the survey in its en-
tirety. Fourthly, participants were excluded if we suspected them to 
have straightlined. Straightlining is a common phenomenon in survey 
research, occurring when respondents provide (nearly) identical an-
swers to consequential questions using the same response scale [66]. In 
our study, we did not use a measurable criterion to decide whether a 
respondent straightlined, but relied on our own reasoning instead. Ac-
cording to our definition, straightlining occurs when multiple answers in 
a row (using the same response scale) are both repetitive and illogical. 
This seemed to have occurred in only one instance (see Section 3.3 
below). To summarise, participants were included only if they lived in 
the Netherlands and had at least one solar panel already installed at their 
place of residence, if they took at least 1 min to fill in the survey 
completely, and if they did not appear to have straightlined according to 
our criteria. 

Data was collected in two rounds. During the first round of data 

collection, the survey was distributed from March 25th (2022) until 
March 29th (2022), after which 216 responses had been collected. 
Dynata continued to run the survey for a second round until 316 re-
sponses were reached on April 1st (2022). Thus, Dynata collected all 
responses in a total time span of one week. 

3.3. Study sample 

Of the 316 responses collected in total, eighteen participants were 
excluded due to taking <60 s to complete the survey. Three additional 
participants had zero solar panels installed, and eleven other partici-
pants did not complete the survey. Lastly, one additional participant 
appeared to have straightlined according to our interpretation (entering 
“31” for the number of panels installed, the year of installation, as well 
as for household size). Hence, following the application of the in- and 
exclusion criteria, 283 responses were ultimately available for the 
analysis. The vast majority of included participants were homeowners 
(72.4 %), and just over half were male (53.7 %) (see Table 2). Included 
participants were distributed well across different age groups, ranging 
from 15.5 % of participants being between 25 and 34 years of age to 
21.9 % being 65 years or older. The youngest age group (18–24 years) 
was clearly the minority (6.7 %). Additionally, 30 % of participants 
made use of energy storage. 

4. Results 

Due to the exploratory nature of this study, examining the influence 
of multiple factors simultaneously as based on the new framework, we 
chose to analyze our survey data mainly through a multiple regression 
analysis (MRA). An MRA can assess which factors included in the 
framework influence laundry loadshifting the most within our studied 
prosumer group. An exploratory factor analysis (EFA), reliability anal-
ysis, and bivariate correlation analysis were conducted to strengthen the 
MRA. All analyses were performed using IBM SPSS version 26. 

4.1. Preliminary analyses 

As mentioned in Section 3.1.2, the survey consisted of 28 questions, 
including those measuring socio-demographics and laundry loadshift-
ing. With the exception of sufficiency attitude, the other seven factors 
were measured using a cluster of two survey questions each (see Ap-
pendix B [62]). To test if each cluster of questions corresponded with the 
predetermined factors we intended to measure (referred to as construct 
validity), we first conducted an exploratory factor analysis (EFA). 
Overall, the EFA showed statistical cohesion between survey questions 

Table 2 
Frequency table for the categorical characteristics of the included participants.  

Variable Frequency (n) Percent (%) 

Storage (n = 283) 
Yes 
No 
I don't know   

85 
162 
36   

30.0 
57.2 
12.7 

Occupant status (n = 283) 
Homeowner 
Renter 
Other   

205 
73 
5   

72.4 
25.8 
1.8 

Gender (n = 283) 
Female 
Male 
Other   

131 
152 
0   

46.3 
53.7 
0 

Age (n = 283) 
18–24 years 
25–34 years 
35–44 years 
45–54 years 
55–64 years 
65 years or older   

19 
44 
56 
45 
57 
62   

6.7 
15.5 
19.8 
15.9 
20.1 
21.9  
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and factors similar to what we expected based on our framework (see 
Appendix C [62]). Therefore, we decided to continue on to further an-
alyses using our predefined factors, computing the stand-alone survey 
questions into nine separate variables of interest (our eight factors and 
laundry loadshifting as the dependent variable). Cronbach's alpha2 

showed the internal consistency of both three-question variables to be 
acceptable (alpha = 0.791 for the loadshifting variable and alpha =
0.687 for the sufficiency attitude factor). For the seven two-question 
factors, Spearman's rho3 showed all correlations between questions 
intended to measure the same factor to be significant (see Appendix D 
[62]). 

Next, a bivariate correlation analysis was conducted on our nine 
variables of interest to allow for further preliminary data inspection. The 
results of the correlation analysis are displayed in Table 3. Laundry 
loadshifting correlated significantly with all factors except hassle (r =
− 0.104, p = 0.082), although correlations mainly were weak to mod-
erate (r = 0.213 to r = 0.495). Many correlations among the eight factors 
were statistically significant as well, although again, these correlations 
were primarily weak to moderate (r = 0.003 to r = 0.467). Only the 
correlations between hassle and know-how (r = − 0.511, p < 0.001, or p 
= 3,214E-20 to be precise) as well as between hassle and habits (r =
0.565, p < 0.001, or p = 2,8757E-25 to be precise) were found to be 
strong. These correlations imply that prosumers who perceive a lot of 
hassle (M = 2.98, SD = 0.95) also report little know-how (M = 3.54, SD 
= 0.78), as well as strong habits (M = 3.12, SD = 1.01). Note that such 
correlations do not necessarily indicate causal relations and can be 
calculated only for two variables at a time (arguably not appropriately 
reflecting the complexity of behavior). The MRA, which follows in the 
next section, does allow for the consideration of multiple variables 
influencing behavior. 

4.2. Regression analysis 

The MRA assessed the influence of user beliefs, sufficiency attitude, 
practical knowledge provided, know-how, monitoring skill, feedback 
provision by system design, habits and hassle on laundry loadshifting. 
The assumptions of normal distribution,4 the absence of multi-
collinearity,5 and homoscedasticity6 were checked and not violated. 
Three regression models were run to account for different variations of 
potential covariates in the data. The first model contained only our eight 
factors as the independent variables. In the second model, age and gender 
were also added to these independent variables. In the third model, all 
remaining variables were added as covariates (occupant status, house-
hold size, intention, number of panels, year of panel installation, and 
storage). Due to the exploratory nature of the study, predictors were 
entered into the analysis simultaneously according to the enter method. 

According to the first regression model, which was not adjusted for 
any covariates, there was a significant relationship between the eight 
factors as independent variables and the dependent variable of laundry 
loadshifting, R2 = 0.440, F(8, 274) = 26.934, p < 0.001 (or p = 1.1832E- 
30 to be precise). Together, the eight factors thus explained 44 % of the 
variance in laundry loadshifting behavior, leaving 56 % of the variance 
unexplained. Although both age and gender appeared as covariates in 

the second model, the results persisted, R2 = 0.480, F(10, 272) =
25.154, p < 0.001 (or p = 1.7795E-33 to be precise). This means that 
controlling for the effects of age and gender increases the variance that is 
explained by the eight factors and these demographics to 48 %. The 
results remained robust after adjusting for all covariates in the third 
model, R2 = 0.544, F(16, 266) = 19.796, p < 0.001 (or p = 1.3242E-36 
to be precise). The eight factors, together with all covariates, thus 
explained 54 % of the variance in laundry loadshifting behavior, leaving 
46 % of the variance unexplained. However, only storage was a signif-
icant covariate in the third regression model. 

The MRA also showed the effect on laundry loadshifting per pre-
defined factor, the results of which are displayed per model in Table 4. 
The findings indicate that the four factors of user beliefs, practical 
knowledge provided, monitoring skills, and habits significantly influ-
enced laundry loadshifting in all three regression models (thus, 
regardless of any covariates in the data). Additionally, sufficiency atti-
tude emerged as a fifth factor influencing laundry loadshifting in the 
third model, in which only storage appeared as a significant covariate. 
Note that most values in Table 4 are indicated to be p < 0.001 since the 
exact p values cannot easily be rounded to three decimals (ranging from 
p = 6.034E-8 to p = 0.000442). The three factors of know-how, feedback 
provision by system design, and hassle remained insignificant in all 
three models. 

5. Conclusion and discussion 

5.1. Conclusion 

In this study, we aimed to assess the individualistic and contextual 
factors influencing laundry loadshifting among Dutch residents living in 
households with solar panels (referred to as prosumers). Specifically, we 
investigated factors which influence the practice of time-shifting laun-
dering to those moments when solar panels are producing solar energy. 
Through a survey, we tested the influence of eight factors included in 
our newly constructed framework, which was based on social practice 
theory with integrated elements from the theory of planned behavior. 
Preceding the survey, we conducted expert interviews to allow for 
preliminary validation of our framework as the foundation for survey 
design. 

Overall, we have found that prosumers with low monitoring skills, 
strong habits, passive user beliefs and little practical knowledge struggle 
with loadshifting their laundering practice. That is, prosumers who 
struggle to loadshift are firstly found to have trouble monitoring the 
energy production of their solar panels and the energy consumption of 
their household. This finding is in line with other studies researching 
energy production and consumption monitoring, such as Gram-Hanssen 
et al. [40] and Gill et al. [41]. Secondly, the laundry practice of pro-
sumers who struggle to loadshift is found to be strongly habitual. This 
finding resonates with the literature describing laundering as a practice: 
a socially shared pattern of behavior which has become routine due to 
the interconnectedness with day-to-day routines [50,52]. Although 
doing the laundry does not have to follow a strict pattern, such as pre-
paring and having food, it is nevertheless an activity that people un-
dertake in a routinized manner [67]. This has important implications for 
increasing prosumption levels, which will be discussed in Section 5.3. 
Thirdly, prosumers who struggle to loadshift their laundry practice have 
been found to feel like passive users of their solar energy system and the 
energy system overall. Lastly, these prosumers who struggle to loadshift 
laundering are found to have been provided with little information on 
the advantages of prosumption or ways to prosume. In other words, the 
quantitative survey findings indicate that four of our eight measured 
factors influence laundry loadshifting behavior in Dutch households 
with solar panels. 

2 Cronbach's alpha is a measure of internal consistency.  
3 Spearman's rho is a correlation coefficient assessing how well two items 

relate. 
4 The data seemed to be normally distributed based on a plot of the stan-

dardized residuals.  
5 The independent variables (the eight factors) did not appear to correlate too 

highly with each other based on the calculation of the variance inflation factors 
(VIF), with all VIF values being below 2. 

6 The variance of errors did not seem to differ at different values of the in-
dependent variables (the eight factors), based on a plot of the standardized 
predicted values. 
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5.2. Scientific contribution 

In the introduction, we stated that there was a need to assess a clear 
set of factors that influence (laundry) loadshifting if its behavioral 
foundation is to be better understood. We addressed this knowledge gap 
by studying a multitude of factors simultaneously, based on a new 
framework that combined elements from the theory of planned behavior 
and social practice theory. Using this integrated framework as the basis 
for our survey allowed for the quantitative assessment of all three ele-
ments of social practice theory (materials, meaning, beliefs) and their 
influence on time-shifting the laundering practice in prosumer homes. 
Unlike previous studies, we focused specifically on time-shifting of 

laundry practices to increase solar prosumption, rather than on pro-
sumption overall or on solar prosumption without a clear focus on 
laundry loadshifting [17,39,41]. Our study is strengthened by the fact 
that we used expert input during survey construction. By first con-
ducting interviews with experts in the field of solar energy, we aimed to 
maximize the likelihood of our survey identifying those factors that 
prosumers genuinely struggle with in practice. 

Although our approach to integrating the theory of planned behavior 
into social practice theory is imperfect, as was discussed in Section 2.3.2, 
acknowledging this difficulty is in itself an important contribution to the 
social sciences. We hope to have shown that there are significant chal-
lenges involved in trying to construct a framework covering the com-
plexities of human behavior, when said behavior itself can be measured 
on different levels, to begin with (e.g., on an individual versus a col-
lective level). 

5.3. Implications and interventions 

The findings of this study mainly imply that the factors influencing 
loadshifting are diverse and manifold, relating not only to user beliefs 
(meaning) or monitoring skills (competencies) but also to the practical 
knowledge that is provided by appliances and stakeholders (materials). 
It is, therefore, unlikely that there is one targeted solution to tackle all 
these factors. For instance, our results show that doing the laundry is 
indeed habitual, being a routinized pattern of behavior (a practice) in 
most households. Whilst in many purely psychological theories such as 
the theory of planned behavior a habit is a particular type of behavior, 
which can be addressed through an intervention, this is different in 
social practice theory (in which the habit itself is the unit of inquiry, as 
we have discussed). Here, the three elements (materials, meanings, 
competencies) are what affect the practice, which, in the case of laun-
dering, is often strongly interwoven with other household chores [67]. 
This means that changing a practice can be difficult, especially if the 
three elements do not all support such a change. This is also shown in 
our findings. For example, if monitoring skills are missing, prosumers do 
not seem to loadshift their laundering. The same is true if prosumers do 
not have access to practical information on loadshifting (competencies). 
Additionally, perceiving oneself as an active or passive user of the en-
ergy system influences laundry loadshifting (meanings). 

Because practices are difficult to change due to being embedded in 
daily routines, some degree of automation through technological in-
terventions may be beneficial to increase time-shifting laundering. Ex-
amples include smart laundry machines alerting prosumers when the 
sun is shining (on the machine display or even in a mobile application). 
If such an intervention is desired, the home appliances sector can sup-
port prosumers by designing smart laundry machines that are able to 
display or send such alerts. Whilst the theory of planned behavior might 
suggest that a simple intervention will lead to behavior change, social 
practice theory shows that this might not be the case since changing one 
practice could cause ripple effects on many other practices. Smart 

Table 3 
Correlations between laundry loadshifting and the eight computed factors.  

Factor Mean (SD) Pearson's correlation coefficients 

Loadshifting Beliefs Attitude Knowledge Know-how Monitoring Design Habits Hassle 

Loadshifting 2.58 (1.12) 1 0.334** 0.304** 0.495** 0.213** 0.517** 0.324** − 0.253** − 0.104 
Beliefs 2.42 (0.70) 0.334** 1 0.118* 0.229** 0.020 0.195** 0.038 0.024 0.003 
Attitude 3.77 (0.68) 0.304** 0.118* 1 0.249** 0.467** 0.365** 0.250** − 0.169** − 0.233** 
Knowledge 3.17 (0.97) 0.495** 0.229** 0.249** 1 0.146* 0.392** 0.411** − 0.048 − 0.030 
Know-how 3.54 (0.78) 0.213** 0.020 0.467** 0.146* 1 0.267** 0.127* − 0.452** − 0.511** 
Monitoring 3.35 (0.97) 0.517** 0.195** 0.365** 0.392** 0.267** 1 0.431** − 0.227** − 0.118* 
Design 3.55 (0.84) 0.324** 0.038 0.250** 0.411** 0.127* 0.431** 1 − 0.049 − 0.004 
Habits 3.12 (1.01) − 0.253** 0.024 − 0.169** − 0.048 − 0.452** − 0.227** − 0.049 1 0.565** 
Hassle 2.98 (0.95) − 0.104 0.003 − 0.233** − 0.030 − 0.511** − 0.118* − 0.004 0.565** 1  

* Correlation is significant at the p < 0.05 level. 
** Correlation is significant at the p < 0.01 level. 

Table 4 
MRA results on the relationship between the eight factors and laundry 
loadshifting.  

Predictor Beta SE t p-value 

User beliefs 
Model 1 
Model 2*** 
Model 3****  

0.207 
0.194 
0.146  

0.075 
0.073 
0.071  

4.391 
4.217 
3.267  

<0.001** 
<0.001** 
0.001** 

Sufficiency attitude 
Model 1 
Model 2*** 
Model 3****  

0.079 
0.103 
0.113  

0.088 
0.086 
0.082  

1.464 
1.955 
2.233  

0.144 
0.052 
0.026* 

Practical knowledge provided 
Model 1 
Model 2*** 
Model 3****  

0.293 
0.258 
0.179  

0.060 
0.059 
0.059  

5.571 
5.002 
3.488  

<0.001** 
<0.001** 
0.001** 

Know-how 
Model 1 
Model 2*** 
Model 3****  

− 0.010 
0.015 
0.015  

0.086 
0.083 
0.080  

− 0.166 
0.251 
0.262  

0.868 
0.802 
0.793 

Monitoring skill 
Model 1 
Model 2*** 
Model 3****  

0.275 
0.273 
0.208  

0.064 
0.062 
0.062  

4.952 
5.083 
3.896  

<0.001** 
<0.001** 
<0.001** 

Feedback provision by system design 
Model 1 
Model 2*** 
Model 3****  

0.048 
0.035 
0.015  

0.070 
0.068 
0.065  

0.915 
0.685 
0.297  

0.361 
0.494 
0.767 

Habits 
Model 1 
Model 2*** 
Model 3****  

− 0.209 
− 0.213 
− 0.191  

0.064 
0.062 
0.060  

− 3.651 
− 3.837 
− 3.558  

<0.001** 
<0.001** 
<0.001** 

Hassle 
Model 1 
Model 2*** 
Model 3****  

0.069 
0.016 
0.009  

0.069 
0.068 
0.066  

1.176 
0.277 
0.159  

0.241 
0.782 
0.874  

* Significant at the p < 0.05 level. 
** Significant at the p < 0.01 level. 
*** Model 2 is adjusted for age and gender. 
**** Model 3 is adjusted for age, gender, occupant status, household size, 

intention, number of panels, year of installation and storage. 
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technology could, therefore, be a work-around to help relieve prosumers 
of some of the complexities involved in increasing prosumption through 
changing energy-intensive household practices. However, as studies on 
automated washing appliances show, these should be integrated care-
fully and take into account the agency, clarity and reliability of control 
and feedback mechanisms [68]. Failing to do so will have negative 
consequences for the acceptance of such automated approaches to de-
mand response and may stress household practices or cause inefficient 
energy use [68]. This matter is important, though it falls outside of the 
scope of the current paper. 

Furthermore, we have shown that the habitual nature of laundry 
practices is not the only factor to take into account when studying 
laundry loadshifting behavior. The effects of monitoring skills, practical 
knowledge provided to prosumers, and user beliefs should not be dis-
regarded. When it comes to tackling these factors, automation through 
technological interventions may fall short. Such interventions may even 
increase the negative influence of these factors if they deny prosumers 
the opportunity to become and feel like active, informed, and skilled 
users of our energy system. Herein lies a vital role for consultants, pol-
icymakers, and/or solar panel installers to actively distribute practical 
information to prosumers on the advantages of prosumption and ways to 
loadshift. Whilst the provision of information alone is known to be 
insufficient to change most habitual behavior [69], such a strategy could 
be effective when combined with other measures. For example, the 
provision of practical information at the time of panel installation could 
underscore the importance of prosumption and increase knowledge on 
which loadshifting practices matter most. To offer insight and guidance 
during the application of this knowledge, monitoring skills could be 
enhanced further through interventions such as intuitive, user-friendly 
mobile applications or visual displays hung in spaces prosumers pass 
by often [55]. In addition, automated alerts could help prosumers 
become aware of the times when their panels are producing enough 
energy to switch on the laundry machine, possibly replacing old habits 
with new ones. 

5.4. Limitations 

The shortcomings of our theoretical framework have already been 
discussed in Section 2.3.2. In addition to these shortcomings, it should 
be noted that the overall findings of the current study are specific to the 
case of the Netherlands (see also [58]). Limitations specific to our survey 
include the decision to measure factors using scales of only two ques-
tions. Arguably, more questions per scale might have led to better factor 
representation and more reliable scales [70]. Moreover, the way some 
questions were phrased may have been a limitation. For example, there 
could have been too much overlap in the questions intended to measure 
feedback provision by system design and monitoring skill, considering 
the EFA grouped these questions together (see Appendix C [62]). 
Considering that the vast majority of our questions were not standard-
ized, such phrasing issues were perhaps unavoidable. Additionally, our 
data is correlational, meaning we cannot make statements regarding 
causal effects between the factors and laundry loadshifting. Our data is 
also self-reported, which is especially relevant to the dependent variable 
of laundry loadshifting: we do not know whether respondents truly do 
time-shift their laundering. Lastly, using an online respondent platform 
undoubtedly has its drawbacks. Despite guaranteeing a swift response 
rate, it is, for instance, difficult to assess the actual representativeness of 
the sample since we did not have insight into all characteristics of the 
users on Dynata's platform (in terms of, e.g., income, location, or edu-
cation) [71]. In addition, responses are collected from participants who 
express interest in studies of a specific topic, meaning they “self-select” 
and are thus not entirely random [71]. 

5.5. Suggestions for further research 

Further research could first assess whether there are any causal 

effects at play between our identified factors and laundry loadshifting. 
For this purpose, we suggest an experimental study design. For example, 
an experimental choice experiment could be used to test if prosumers 
who are aware of the difference between self-produced and grid- 
produced energy (know-how) are less restricted by e.g., habits and 
hassle when trying to loadshift their laundering. Similarly, more in- 
depth research could help clarify the nature of the relationship be-
tween habits, hassle and loadshifting, since the MRA did not detect any 
effect of hassle whilst the EFA combined both hassle and habits (see 
Appendix C [62]). General suggestions for future studies include the 
measurement of actual prosumption levels instead of relying solely on 
self-reports, as we did, which may provide more accurate insights 
regarding true (laundry) loadshifting. Additionally, one could question 
entire households instead of singular members, taking a collective 
approach that is more in line with social practice theory. 

Lastly, we hope to have inspired other researchers to look at the 
interaction between technology and behavior even more closely and 
transdisciplinary than is currently the case when studying prosumption 
(e.g., regarding the purchase of smart appliances, residential batteries, 
smart grid integration, etc.). Although we have shown that there are 
difficulties involved in integrating different approaches and perspectives 
on human behavior, even within the social sciences, we believe this to be 
a worthwhile pursuit. Of course, the integration between technical and 
behavioral science extends far beyond topics such as prosumption and 
laundry loadshifting. Regardless of the topic under study, we believe our 
findings show the importance of developing technology which un-
derstands the intricacies of human behavior and the connections to its 
broader context rather than simply asking people to change. 
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