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Highlights 

· We study the consumption flexibility of households producing electricity in Sweden.
· We found no general behavioural change, but big variations between households.
· Installing PVs led to increased awareness of the energy system.
· Households thought the benefits of shifting their electricity load were minimal. 
· Some saw PV production as free electricity, leading to increased consumption. 
Abstract

The number of consumers producing electricity at home, i.e., “prosumers”, is rapidly increasing in many European countries. This article analyses the electricity consumption and energy-saving behaviours of households that own photovoltaic (PV) systems in Sweden. Earlier studies of how home production of electricity affects consumption patterns are few and their results are mixed. We interviewed prosumers in Sweden and collected electricity-consumption data one year before and after they installed PVs. The differences between households were large and no general behavioural change could be detected. The interviews indicated that awareness of the energy system increased among all prosumers, but led to no substantial changes in how or when activities were performed. Most prosumers thought that the benefits of shifting their electricity load to other times were too small. The changes prosumers did make mostly concerned smaller adjustments. Households that increased their consumption justified this by their access to “free” electricity. Automation, i.e., using a timer, was relatively unknown or not used when known. 

1. Introduction

Micro-generation can create new opportunities for coordinating supply and demand in the electricity system. Microgeneration is a small-scale generation of electricity power and when households are both producers and consumers of electricity, they are called prosumers [1]. The number of consumers producing electricity at home, prosumers, is rapidly increasing in many European countries. This paper considers the case of Sweden, where the photovoltaic (PV) market share is so far not large, accounting for only 0.08% of electricity production in 2015 [2]. However, the Swedish PV market has developed fast in the recent years, with an increase in cumulative capacity as in Figure 1 [2]. The yearly electricity production from Swedish PV systems are 800-1100 kWh per installed kW of peak PV power depending on location and orientation, which gives a yearly electricity production of 100-140 GWh with the installed capacity of 2015. This can be compared to the yearly electricity demand in Sweden of close to 140 TWh during the recent years, see Figure 2. No data for the installed PV capacity in 2016 was available at the time of processing of this article. 
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Figure 1: Cumulative installed PV capacity in Sweden [2].
As shown in figure 2 the residential and service sector is the one consuming most electricity in Sweden.
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Figure 2: Electricity use, by sector, from 1970, TWh [3].
In Sweden, there are signs that prosumer participation in the energy system is increasing [2] and all future scenarios assume such an increase. There has also been a transformation in Swedes’ minds, with PVs evolving from a technology for enthusiasts only to a technology many Swedes could see themselves adopting. For example, in a survey conducted by energy utility E.ON in April 2016, 73% of the respondents said that they wanted to install PVs [4]. 
In Sweden there has been some substantial changes in the policy support framework for PV panels. In 2009, a subsidy was introduced for the installation of PV panels for households. In the beginning, it was possible to get subsidies for 60% of the installation cost, including material and labor costs, but thereafter the subsidies have been stepwise reduced. Since 1 January 2015, the subsidies is 20% of installation cost [5]. Until April 2010, households had to pay for the costs of changing meters when installing PV panels. After that, the grid company had to make the change without charging the homeowner [6]. In 2015, a tax deduction of 0.06 EUR/kWh for sold electricity was introduced for micro producers of renewable electricity. This cannot, however, exceed 1,800 EUR per year [2]. Sweden does not have feed-in tariffs, such as in e.g. Germany, where the prosumers receive a predefined price per kWh regardless of the buyer and the time. 
Developing a 100% renewable energy system would also require substantial changes in the structure of both supply and demand. A 100% renewable system requires that households engage in flexible energy consumption practices. Flexible electricity consumption relates to and relies on individuals’ everyday household choices, routines, and activities. Electricity consumption needs to be understood in relation to households’ daily activity patterns [7]. Activities are synchronized on a societal level [8], and to support consumption flexibility, it is necessary to understand the exact rhythms of people’s everyday lives. This can be done by measuring the timing and duration of the energy-related activities in the complete daily sequences of activities performed by individuals. More knowledge is needed of the basic dynamics and temporalities of energy demand 
 ADDIN EN.CITE 
[8, 9]
.

Few studies have addressed the electricity consumption and energy-saving behaviours of households that own PV systems. Most of these studies are from the UK [10]. This paper accordingly examines households in Sweden that have installed PV panels on their roofs to analyse the flexibility of their electricity consumption. Depending on the contracts with electricity companies, the most favourable use of self-generated electricity could be either to consume it directly or sell it to the grid. We will analyse if and in such case how home production of electricity affects households’ electricity consumption patterns and if PV production influence awareness of energy. 
2. Flexibility in energy use: earlier research 

Household energy consumption is generally interwoven with everyday life, with its routines, meanings, social dynamics, and technical infrastructure 
 ADDIN EN.CITE 
[7, 11-19]
. Energy is required for the functions and conveniences it can provide in relation to, for example, preparing food, supplying heat and light, and maintaining health and sanitation. What people do in their everyday lives, i.e., their activities, is an important starting point for understanding energy use in a social context.

Household flexibility in energy use is of interest in relation to balancing supply and demand to facilitate increased renewable electricity generation [20]. Flexibility is usually defined as the capacity to increase or decrease the load within a certain timeframe. Powells et al. [21] defined flexibility as the ability of energy users to change how, when, and where they demand power. In a technological approach to flexibility, the consumer does not necessarily need to be involved, as domestic appliances can be turned on and off automatically. In a social science approach, the aim is to influence consumers’ appliance use within a specific time-span [22]. For prosumers, the motivation for flexibility can lie in the benefits of using the electricity themselves, or in the benefits of selling self-produced electricity to the grid [23].

Micro-generation can create new opportunities for coordinating supply and demand and contribute to the rearrangement of household routines, for example, turning off unnecessary appliances and rescheduling activities such as laundry to outside peak hours [24]. The role of consumers changes from that of passive recipients to co-managers of their own practices [25]. 

Earlier research has considered household energy-use flexibility mainly in relation to white goods, such as washing machines and dishwashers, as well as thermal appliances [20]. White goods use is often considered not to be time critical [26]. The effect of using the washing machine’s automated function on load shifting was investigated by Kobus et al. [22]; regarding the increased self-consumption of PV-generated electricity, use of the automated function was found to have no significant effect. Anderson’s [27] historical analysis of laundry practices discussed studies of home energy monitors that give feedback on energy consumption. Anderson [27] found that it can be difficult to shift laundry tasks, but that automation tools can contribute to more reflective planning of laundry practices to accommodate self-produced electricity.

Earlier studies found that home production of electricity can affect consumption patterns. Olkkonen et al. [28] discussed how the growth in energy prosumers is driven by a combination of lower-cost PVs and changing household practices, indicating that micro-generated electricity might influence how households consume energy. Olkkonen et al. [28] found that prosumers changed their consumption behaviour to consume as much as possible of their own electricity generated during daylight hours. Goulden et al. [29] also found that micro-generation triggered new habits, for example, checking the weather so that a timer could be set to schedule an automatic energy activity if the sun would be shining. Christensen et al.’s [30] study of Danish consumers found high commitment to time-shifting electricity consumption, especially dishwashing and laundering. They identified various reasons for this commitment, with producing one’s own electricity being one and the type of account settlement where the households profit from time-shifting, another.

The impact of micro-generation on the prosumers' energy use has been studied in earlier research, and micro-generation is usually assumed to increase awareness of energy consumption and lead to reduced energy consumption or increased demand management 
 ADDIN EN.CITE 
[10, 31-34]
. In their literature review, however, Bergman and Eyre [35] found that few studies had actually measured the effects, and of those who did only a few supporting the effect of micro-generation on consumption patterns. So far, few studies have examined the matter and their results are mixed [36].

Keirstead [33] found a self-reported reduction of 6% in overall electricity use and increased general energy awareness, and 43% of participants said that they engaged in load-shifting behaviours. It was mainly families using timers or family members at home during the day who reported such behaviours. Hondo and Baba [8] found that households reported increasing pro-environmental everyday behaviour after installing PVs; for example, more people reported turning off lights when leaving rooms. The main reason for these changes was increased interest in energy and electricity cost [10]. 

A recent Danish study demonstrated that micro-generation led to increased energy consumption. One studied family, for example, chose to drive more frequently because they had bought an EV and had cheap fuel, which increased their consumption. The authors highlighted two reasons for such increased consumption. First, some households wanted to get more out of the technology and exploit it to the utmost. Second, they did not wanted to deliver the extra electricity to the company for free, without compensation. [37].
In a German study [8], a questionnaire was sent to 425 households in Germany with PVs and the results indicated that electricity consumption was no lower in these households than others. This study found that households with PVs had greater motivation to contribute to “greening the environment” than did other households [10]. Followup of the “1000 roofs” programme in Germany demonstrated no reduction in electricity use. In Austria, Haas et al. [30] found that changes in electricity consumption after PV installation were related to the initial energy consumption: households with high initial consumption (over 3500 kWh/year) tended to reduce their consumption, whereas those with low initial consumption tended to increase their use. 

Devine-Wright [38] emphasized that micro-generation could increase awareness of the energy system and of how devices function. Energy is highly abstract for most people [39]. With modern centralized systems, individual competences have been delegated to technology and energy experts. Micro-generation might re-delegate these competences back to residents, and people are constructing new types of knowledge and competence around their new energy technologies. When families try to change the rhythm of everyday life to be in sync with their self-generation of electricity, they are simultaneously becoming more competent energy citizens [37]. Some research suggests that if micro-generation is successfully implemented, it converts energy from being perceived as an abstraction into a tangible phenomenon that is integral to people’s practices 
 ADDIN EN.CITE 
[33, 37, 40, 41]
. 

Earlier studies also suggested that those installing PV systems have already incorporated many energy-saving behaviours in their daily lives and have also invested in energy-efficient appliances, leaving little room for improvement. Households reported discussing environmental behaviour more frequently after PV installation 
 ADDIN EN.CITE 
[10, 32]
. Haas et al. [32] found that prosumers generally reported more investments in energy savings than did the general population. Increased awareness of energy use has also been reported in studies of housing associations. 
We can conclude from the earlier research discussed above that energy consumption is interlaced in everyday life, where micro-generation might contribute to increased awareness of energy and to rearrangement of households’ routines to actively coordinate supply and demand. Prosumer motivation for flexibility can be to be able to use all own-produced electricity or to do a profit by selling to the grid. Earlier studies discuss that own produced electricity can influence consumption pattern, but there are few studies investigating how it is changed and the results from existing studies are mixed. Below we will study if and in such case how home production of electricity affects Swedish households’ electricity consumption patterns. What incentives do Swedish prosumers have to shift consumption, what activities are seen as moveable and does PV production influence the awareness of energy? 

3. Method and materials
The article is based on interviews with prosumers in Sweden and on electricity-consumption data collected from them one year before and after the installation of PV panels. 

The respondents were recruited through several sources. In spring 2014 and in spring 2015 we received a list from the Swedish Energy Agency with all households that had applied for subsidies to include PVs. We sent a mail to 250 households all over Sweden and we recruited 21 respondents from that. We asked 3 different PV sellers to ask customers that have decided to buy panels if they would like to participate. We do not have an exact number of how many were asked, but around 60 households received the question. Of these 13 respondents accepted to participate. We also advertised for participants on a well-known blog about PVs in Sweden. We do not have any figures on how many that saw this announcement, but through this another 10 households were recruited to the project. In total 44 households accepted to participate. The respondents were widely geographically distributed, but most lived in central or southern Sweden. 
In the first round, 44 prosumers were interviewed for 20 minutes to 1.5 hours each. Three researchers conducted the interviews using the same interview guide. The guide covered the following topics: (a) background data e.g. age, education, income, heating system, electricity consumption; (b) first contact with the concept of small-scale electricity production and the reason the households are interested; (c) information about the PV plant e.g. installation date, how big system, why a system was chosen, costs and payment (d) subsidies, pay-off time, will you sell the electricity, to whom, what price will you receive; (e) measurement data, do you have consumption data, production data from the PVs, can we take part of the data (f) barriers to and enablers of product adoption; (g) information received on various products, regulations, policies; lack of information about anything; (h) electricity consumption per year, energy efficient measured implemented/planned, plan to change electricity use when installing PVs – how and why in such case; (i) anything you want to add?
18 respondents had already installed PVs, but most planned to install them in the following year. In the second round, the respondents from the first round who at that time had not yet installed PVs were called. Nineteen of those respondents had by then installed PV panels and were then re-interviewed. In this second interview, some questions were similar to those in the first round. More questions were added about the flexibility of the respondents’ energy-related everyday activities. In the second round we added the following topics: (a) Has anything changed in your electricity consumption a year after PV installation, would you like to change anything in your consumption, if you want to change your consumption do you know how to do that, have your perception of electricity consumption changed, perception on the energy system; (b) Behavioural change, have you changed anything since PV installation, what possibilities have you to change an activity to another time, timer on washing or dishing machine; (c) Would you like to move any activities if you would have the possibility, which, why or why not; (d) What would motivate you to move an activity, what is the barriers to move an activity; (e) When do you charge you mobile, laptop etc? Have this changed the last year; change in cooking habits, washing, dishing etc (f) Other family members behavior, have they changed anything after PV installation; (g) any changes in everyday rhythm after PV installation, possible changes.
We took notes during the interviews, which were recorded. These recordings were transcribed and then analysed using meaning condensation: each transcript was read through and passages from it were condensed into shorter statements that could be thematically analysed [42]. 
There is a lack of general statistics about households investing in PV panels. Our sample is not based on a statistical representation, but we can describe the characteristics of the studied households and compare that to findings from earlier research. The average age of the interviewees was 58 years, with the youngest being 32 and the oldest 81 years. Earlier studies have demonstrated a connection between household income and investment in PV systems 
 ADDIN EN.CITE 
[43-46]
. The average income of the studied households was higher than that of average households in Sweden. The average income of households with two adults in Sweden, which reflects the situation for most of our informants, was around EUR 50,000/year in 2014 [47]. Not all the interviewed households wanted to reveal their incomes, but 30 households told us. The average income of those reported this was around EUR 85,000/year. This says nothing about PV investors in general, but helps characterize the households we interviewed. 

Fischer and Sauter [48] suggested that income as such does not explain the greater number of PV installations among higher earners, which instead is attributable to social status and education. Of the 43 interviewees, 26 had university degrees, 11 had graduated high school, and the rest had graduated elementary school or did not answer the question about education.

To complement the interviews, electricity-consumption data were gathered one year before and after the PV installation. This was done to investigate whether PV systems contributed to changes in electricity consumption among the studied prosumers. The consumption data were mainly collected by the prosumers themselves through the web user interfaces of their electricity retailers, and only a few had their own measurement equipment. All electricity meters in Sweden automatically send information about electricity consumption to the retailers, and the gathered data are usually available for download on a monthly basis. However, these monthly data do not reveal detailed information about electricity consumption patterns throughout the day. Furthermore, the retailers only report the net electricity consumption, so the amount of self-consumed PV electricity cannot be determined. Only four respondents were able to provide data for both gross production and gross consumption, which made the sample size too low to draw any conclusions of how the electricity consumption changed.
4. Results

Below we examine how the households discussed their energy-use flexibility and how they perceived the incentives to become more flexible. We start by describing the measurement studies conducted in 23 households in which we monitored energy consumption before and after PV installation. Of these 23 households, 13 were also interviewed twice. The rest of the households had already installed PV panels before the first interview, so those were only interviewed once. All these households could provide consumption data for roughly one year before and after the PV installation and were therefore included in the analysis. 

When comparing the monthly electricity consumption during the year after PV system installation to the year before the mean electricity consumption in December and January was almost the same as one year before. Since the days are short and PV production is therefore very low in Sweden during these two months, the results indicate that the actual electricity consumption did not change dramatically during the period. 
The results of the measurement study reveal large differences between the households, indicating that there was no general behavioural change in all studied households. One household that had increased its consumption had bought an electrical vehicle during the study period, which explained the increased consumption. Changes in family composition also sometimes explained both decreased and increased consumption. In one family the oldest child had moved out during the year resulting in decreased electricity use. Another family had got a new-born and increased consumption. 
In the interviews, when we asked about electricity consumption, most interviewees estimated however that their consumption was the same before and after PV installation. This was because they were already very energy conscious even before PV installation, which would support the results of Haas et al. [32]. One typical response, when an interviewee was asked about changed energy consumption, was as follows:
No, we haven’t … It is like a habit, so to say. When leaving a room, for example, then you turn off the light. I did this before and have just continued doing it and haven’t changed anything in my behaviour at least. (HH 27b)

As we will consider below, all had made changes, for example, when they performed certain activities.

4.1. Lack of incentives to shift consumption

The respondents believed that the financial incentives to shift energy-related activities were too low to initiate behavioural change. One reasons for this where that they were paid for the energy they produced. The price offered for the electricity produced varied greatly between energy providers, ranging from spot price which was around EUR 0,031 per kWh minus EUR 0.005 to as high as EUR 0.2 + VAT per kWh during the study period. [49]. If only calculating with the variable fees (energy fee, energy tax, transfer fee) the price for 1 kWh hour is around EUR 0,1 for a household when buying from the grid. 
If we do a calculation of the electricity price, when buying and selling, based on the monthly average price on the spot market, energy tax, electricity certificate, grid fee and VAT, the buying price landed at 11.4 Eurocent per kWh in March to October 2016. During the same period the average price of electricity sales (spot + electricity certificate + tax deduction) was 11.1 Eurocent per kWh, i.e. barely any difference. Thus, there was extremely little economic gain (around 0.003 EUR per kWh) to move electricity consumption at times when the solar cells produced electricity. See figure 3.
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Figure 3. Calculation of the price when selling and buying electricity March to October 2016
Energy providers are not obliged to buy electricity from micro-producers. According to the consumer site el.se around half of the 134 energy providers in Sweden do not buy electricity produced by prosumers [50], which caused problems for one respondent who was locked into a long-term agreement. Consequently, he gave away the produced electricity for free during the agreement time. Most respondents also did not know when they could renegotiate their export rate, but they assumed they had a one year contract.
The economic advantages of using produced versus purchased electricity are in 14 cases counterintuitive, and prosumers sometimes make more money by selling the energy from their PVs to the grid rather than using it themselves. This is due to a high feed-in tariff for PV energy sold to some of the energy providers. In addition, government subsidies sometimes add to the already high price from the energy provider, meaning that the prosumer obtains more money by selling the electricity than using it at home. This was made clear in an answer from one respondent: 

At the moment, we run the washing machine more in the late evening, but as we are a family with small children, we sometimes also need to wash earlier in the evening. We could set it to run during the day but we would not gain anything from that. (HH5)

The fluctuating spot energy price makes it difficult for prosumers to know when it is most advantageous to sell their energy to the grid. Most prosumers only become aware of how much they are paid for their PV energy when they receive their statements at month end. It is therefore difficult for prosumers to change their behaviour to maximize the economic benefits of flexible everyday energy behaviour. Furthermore, variation between energy providers makes it difficult for prosumers to know whether the price they receive is reasonable, since there are few possibilities to find easily accessible comparative information. Prosumers sometimes report feeling powerless in the hands of the energy companies, which have much more information about the electricity market than do the small-scale micro-producers who negotiate the price once a year or even less often. 

Three respondents also displayed the idealistic motives identified by Hansen and Hauge [37], claiming that it would be more efficient for the energy system in general if the PV energy were sent to the grid in daytime. This is because the peak load of the energy system always occurs during daytime when industries are operating. It would benefit society if the PV energy were used in the grid rather than by prosumers, according to respondents, since this would reduce fossil fuel use during peak demand hours. 

Taken together, the prosumers are little motivated to change their every activities in relation to selling their self-produced electricity.  

4.2 . Changes in attitudes and behaviour

Earlier research found that micro-generation increases awareness of the energy system 
 ADDIN EN.CITE 
[33, 37, 38, 41]
. We asked our respondents whether they had changed their attitudes or behaviour about energy after installing PVs. Their answers differed, but some themes were common. As discussed above and in earlier studies 
 ADDIN EN.CITE 
[10, 32]
, even before PV installation, some prosumers were already very interested in energy technology, twelve of our respondents specifically talked about this. These were men in their middle age. They did not feel that their attitudes about energy use and production had changed much a year after installing the PVs. They said that it was fun to watch the production charts, and several of them spoke at length about their production numbers and happily shared their data with us. Four of them also joked about how they kept checking the PV energy production webpage every day, even, for example, when abroad on vacations. Nine respondents also reported feeling rather “nerdy” when it came to PV energy:

One becomes a bit of a nerd, and I am happy every time the sun is shining! I do think more about the expenses [of energy]. I don’t notice them [i.e., the PVs] much otherwise, but one does think differently about energy now. (HH12)

That many micro-producers are technical nerds has also been noted in earlier research [23]. Another finding was that the households were generally very interested in monitoring their PV production, but less interested in monitoring their own consumption. In five cases, the households had no clue about their consumption figures or even about where to find them. Production was in general much more interesting to monitor and keep track of than was consumption.

Nine respondents, both men and women and in mixed ages, emphasized that it was fun to produce renewable energy and that it gave them a good feeling. These respondents often also stated that, after becoming micro-producers, they were more aware of how they used energy and that they used more energy during the summer. These prosumers often changed things in their everyday lives to become more energy efficient. They meant they had become better at turning off lights when leaving rooms, others had invested in more energy-efficient appliances, and said that they ran the washing machine more frequently on sunny days. Four of these stated that they were the only ones in their families who had changed their behaviour due to the PV installation:

Yes, I have changed, but not my wife or my son. I try to keep the energy-intensive appliances to a minimum, and lighting and so. It is the little things – we have not changed the temperature or anything. But we are more aware now since we talk about how much we produce and so on. (HH25)

In another family, where the husband was the most engaged in the PVs, his wife told us that she was now much more careful to turn off the lights, but that otherwise her life was unaffected by the PVs. 

However, some prosumers also saw micro-production as a chance to use more electricity. Seven prosumers were considering or had already bought more energy-intensive appliances. One respondent had bought a heat lamp for his hens since he felt that he got some of his electricity for free. Another respondent also thought about investing: 

I would love to grow [more plants]. We have a greenhouse but we have never heated the greenhouse before. But now I feel a little freer to do that, since we have free electricity. Although we need to heat it mainly at night. (HH12)

The concept of “free electricity” brought out the urge to use more energy even at times when the PVs were not producing electricity. This is paradoxical, since at the same time, they have become more aware of how the electricity system works, when it is favourable to use electricity, and when it is better to use less. 

This empirical material indicates that PVs can affect these prosumers’ lives since they improve awareness and in some cases also lead to change in behaviour. The behaviours that are easily changed, such as washing more on sunny days and turning off lights, are common responses to this raised awareness. One household had even bought an electrical vehicle and seven other households told us of plans to invest in one. 

Respondents in a second category had not given much thought to the influence of the PVs on their daily lives. These five respondents did not feel that installing PVs had affected their attitudes towards energy and usually did not change their behaviour after installing PVs. Many of them also stated that their PVs would not have any effect on the larger energy system and that they would make more money selling the electricity back to the grid. Their incentives to change their everyday behaviour are very small. This group did not invest in more energy-efficient appliances since installing the PVs, but some had already made considerable efforts to lower their energy use before the installation. 
4.3. Flexible activities: what activities are seen as moveable?

When asked what energy-related activities the respondents thought could be moved to be undertaken during the productive hours of the PVs, one third of respondents said that they washed more during the day now. These respondent were usually retired or had an occupation that made it possible to work from home.
Seven respondents said that, until we asked them, it had not occurred to them to move energy-related activities to when the PV panels were most productive. In addition, these prosumers added that doing so would not be meaningful, since there were really no incentives for doing so. One respondent said that he thought that their opportunities to move activities would increase when his wife also retired (which would be soon) and they would not be limited by her working hours. 

A third group of prosumers said that they did not see any way that they could change their lives to use more of the self-produced electricity. These answers came from the 28 prosumers who worked full time and felt that there were no particular activities that could easily be moved. Some of these households had already invested in energy-efficient appliances. Others said that heating accounted for most of their energy consumption: they wanted the house to be heated even during working hours, so there were no activities left that they thought would make any significant difference in their energy use. 

When asked about whether they could set some household devices to operate with timers, most said that it would be possible to run the washing machine or dishwasher during the day. Seven respondents, however, did not know how to use the timers in their appliances or did not know whether their appliances had timers. This was not something that these respondents had thought about, and while some said that it would, in theory, be possible, few seemed motivated to engage in this task. 

Cooking activities were not perceived as flexible in time, nor was using the computer or the TV. The respondents who had fulltime jobs said that their working hours regulated most of their cooking activities. However, even the respondents who were retired were hesitant to move their cooking activities. The fabric of everyday life is stitched so tightly together that the respondents would need more motivation to change the sequences of activities that they were used to. 

Regarding this question, many respondents added that it would not make any monetary difference for them and that the larger energy system could be used as a buffer, so they did not feel motivated to commit to changing their activities. When asked whether he could move more activities to the daytime, one respondent answered: 

No unfortunately that’s not a good idea. We have such a small effect on the big picture. We use the grid as a buffer, and even if the sun is shining we use the electricity when we want it. (HH24)

The lack of incentives was often raised when respondents were asked about reorganizing their everyday lives to align them with the energy production of their PVs. A lack of relevant knowledge is supposedly also tied to a lack of motivation: if the prosumers were better motivated to change their activities to use more electricity while the sun is shining, they might have made sure to acquire the information they needed to do so. 

5. Conclusion

Micro-generation can create new opportunities for coordinating supply and demand, and consumers can change from being passive recipients to co-managers of their own energy consumption, as discussed in earlier research [24, 25]. However, the present results indicate that this change will not be straightforward. The societal synchronization of activities was an obvious restriction on flexible electricity use by the studied households. How and when households use energy at home is very much dependent on working or school hours 
 ADDIN EN.CITE 
[7, 8]
. These earlier findings are confirmed here. 

Earlier studies found that home production of electricity can affect consumption patterns in two ways, either increasing or decreasing consumption. Our analysis show no clear trend after PV installation. The differences between households were large and no general behavioural change could be detected. However, PV electricity consumed “behind the meter” was not included because we lacked that kind of data. The change in total electricity consumption could therefore not be determined.  

Earlier research has claimed that prosumers will change when they use electricity if they benefit economically from doing so. In our study, most interviewed prosumers thought that the benefits of moving their electricity load to another time were too small: they would not earn or save enough money to compensate for the inconvenience a change in practices usually entails. Even those who were well paid, 0,2 Euros, for their electricity thought the incentives to be too low to change behaviour. The changes that the prosumers did engage in mostly concerned smaller adjustments, often prompted by a greater awareness of energy use. Several prosumers had changed to using more energy-efficient lights or considered investing in more energy-efficient devices, such as new heat pumps. This study found that the dominant patterns of everyday life with its structured working hours, for example, are difficult to change, though prosumers are interested in becoming more energy efficient in other ways. The awareness of energy use and production is indeed important for energy behaviours, just not important enough for prosumers to change their everyday habits. 

The households that increased their electricity consumption justified this by their having “free” electricity, so that they could now indulge in some luxuries (cf. Hansen and Hauge [37]). However, this argument was used by households even when they realised that some new energy-intensive equipment would use energy not only when the sun was shining and when they would benefit from selling the electricity to the grid instead of using it. One household bought a heat lamp for their hens since they now had PVs. The heat lamp was most important in the winter, however, which is poorly aligned with the energy production by the PVs. The concept of “free energy” is therefore constructed rather loosely by the households as a way to justify certain energy-intensive behaviours. The same household had invested in other energy-efficient equipment, such as a new freezer and LED lights, and was very engaged in monitoring their PV production data. This illustrates how PVs can be used to justify increased energy use, despite raised awareness of energy issues in other areas of everyday life.

Earlier research has discussed white goods use as not being time critical [22, 26], thanks to the possibility of using timers. Automation, for example, using the timer on the washing machine to do the laundry when the sun is shining, however, is an option that few of the households knew was available. We also found that of those households that mentioned having timer-equipped appliances, only a few used them. In other words, this is a function that has the potential to increase consumption flexibility only if households are informed of its existence and if it is integrated into the households’ everyday practices. Setting the timer is a new activity that would need to be introduced into and performed during a busy morning, for example (see Haunstrup Christensen et al.’s [30] discussion of this). 

Increased awareness of the larger electricity system has been mentioned as one effect of installing PVs. We also found this during our interviews: households that had installed PV systems were more knowledgeable about the energy system as such. It was mainly the production system in which they were interested, with interest in consumption and energy efficiency not having increased as much. A difference between the first and second round of interviews where however that the households were more knowledgeable about what appliances that consume electricity and which one to turn on or off if they wanted to adjust consumption to their solar production. 
Policy implications from this study are that prosumers need support from policy makers to become co-managers of their own energy consumption. A meter that can visualize energy production and consumption at the same time would facilitate for the households to synchronize consumption and production. A feed-in tariff scheme could be of support for prosumers that want to sell the electricity back to the grid. At the least a regulation that makes it easier to sell own produced electricity would be introduced. There is also a lack of information on the market about for example which companies that buy electricity and to what price. There is a blog (http://bengtsvillablogg.info/kopare-solel/) that for the moment try to keep an updated list, but to keep such records could be assigned to for example the Swedish Energy Agency. Another important finding for policy makers is that it is hard to make changes in a family’s everyday life and it must be clear for electricity prosumers what they gain from moving electricity using activities to off peak periods. They cannot be expected to become more flexible just because it would benefit the balance in the electricity system. 
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