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A B S T R A C T

When households invest in photovoltaics, they change from being electricity consumers to solar prosumers, a
change that is often implied to also positively affect other pro-environmental behaviours. This article presents a
comparison between Swedish consumers and prosumers (N = 460), concerning (i) whether consumers and
prosumers engage in pro-environmental behaviours for different reasons, and (ii) whether prosumers and
consumers differ in their intention to engage in these behaviours and if they find the reasons for doing so
differentially motivating. Early and late prosumers are moreover compared to see whether time of investment
influenced the reasons to engage in pro-environmental behaviours. The data show that both consumers and
prosumers engaged in pro-environmental behaviours for the same reasons: convictions that behaviours con-
tribute to the environment and one's life-quality. Moreover, both prosumers and consumers were more inclined
to engage in pro-environmental behaviour when they saw less economic gain in those behaviours. Both groups
were also motivated by a perceived moral responsibility and by a high self-assessed awareness of one's electricity
consumption and saving possibilities. Consumers and prosumers, however, differed in the degree to which they
were compelled by these reasons: prosumers had higher confidence that pro-environmental behaviours would
benefit the environment, improve their comfort and life-quality, they felt more moral responsibility to perform
such behaviours and assessed their electricity awareness as higher. This study confirms and identifies systematic
differences between consumers and prosumers in their pro-environmental intentions and motivations, and the
differences are discussed in terms of initial self-selection and possible spill-over effects.

1. Introduction

Climate change and associated risks to both natural and human
systems demand societal changes on all levels [1], amongst others
shifting from fossil fuel generated energy to renewable sources (e.g.,
[2]). With the residential sector responsible for a significant part of
global energy consumption and CO2 emissions [3], householders’ de-
cisions and behaviour change can contribute significantly to a sus-
tainable future, for instance via investment in technological solutions,
or by changing daily behaviours [1,4]. One substantial contribution
that householders can make is investing in photovoltaic systems, PV for
short.1

When householders invest in solar panels with the intent of using at
least part of the generated electricity for self-consumption, they change
their role as electricity consumers to that of solar prosumers – both

producing and consuming electricity – a shift that could affect more
than just the household's electricity bill [5]. Optimal use of PV (re-
sulting in the largest cost reduction, as well as a reduced strain on the
electricity grid) occurs when prosumers consume their own solar
power, either by storing day-time overproduction in batteries or by
engaging in load-shifting – using electricity during sun-hours instead of
evenings [6]. Beyond these specific changes, becoming a prosumer has
been suggested to play a role in a societal transition towards more
sustainable use of energy in households [5], where indirect ‘soft’ ben-
efits like increased awareness of electricity consumption are expected to
arise from becoming a prosumer. Potentially, even increased engage-
ment with other pro-environmental behaviours, so-called spill-over ef-
fects, could follow.

These side-effects are not self-evident and deserve investigation. An
important question is whether prosumers, compared to consumers with
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1 While renewable sources cover circa 25 % of the global annual electricity demand [62], less than two percent is generated by PV. Yet residential PV could cover a
large share of energy needs, if enough home-owners install them [63,64]. There is (quite literally) untapped potential in solar power.
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demographically similar characteristics have (dis)similar electricity
awareness, intentions towards, and reasons for, performing other pro-
environmental behaviours, and where the differences lie. If prosumers
increase their electricity awareness, intentions or motivations towards
other pro-environmental behaviours after investment, this could show
as a difference between them and demographically comparable con-
sumers.2

1.1. Electricity use, awareness and pro-environmental behaviour amongst
prosumers

Becoming a prosumer has the largest impact on the environment
when solar-generated electricity is also consumed locally; doing so
lowers the stress on the electricity distribution grid [6]. In many
countries, currently, selling solar electricity to the grid earns less than it
costs to purchase the same quantity of kilowatt-hours, hence self-con-
sumption is also the ‘optimal’ saving strategy. In other words, there is
(at least) a double incentive for prosumers to shift one's electricity
consumption to sun-hours, that is, to ‘load-shift’.

Load-shifting has been studied extensively in electricity consumers
without PV; most studies suggest that individuals can indeed be en-
couraged, often with financial incentives, to shift their electricity use to
moments where the grid is less stressed, most often during late evening
times and weekends (for overviews, see [7–9]). Studies focusing spe-
cifically on solar prosumers’ ability to load-shift are more scarce, and
findings ambiguous (e.g., see [10–14].

Beyond load-shifting, do prosumer households use more electricity,
or less, in their daily lives? There is evidence both in favour and against
electricity use reductions following PV investment. For example, Haas
and colleagues [15] reported a reduction in energy usage after Austrian
households invested in PV, though this effect was moderated by base-
line electricity use – those who used relatively little electricity in fact
increased their consumption. Keirstead [14] found that in a UK sample,
PV-owners estimated to have reduced their electricity use by 5.6% after
having invested in PV. In contrast, other studies reported no difference
in electricity use between prosumers and consumers [e.g., 16,17,18],
while Hansen and Hauge [12] found that Danish households were in-
clined to increase, rather than decrease, their energy-related practices
after becoming prosumers, for reasons of increased sense of comfort,
and resentment against selling solar electricity to the grid.

One potential factor explaining decreased electricity use amongst
prosumers could be a heightened awareness of household electricity
usage and energy in a broader sense. Stedmon and colleagues [19] note
that behaviour change (i.e., reduced electricity usage) may be de-
pendant not only on PV-ownership, but also on visualisation and
communication of micro-generated electricity to its user, thus inducing
awareness. Dobbyn and Thomas [20] suggest that after being exposed
to their status as prosumer, subjects in their study became more aware
of their electricity use, feeling encouraged to make changes in their
behaviour. Similar increases in energy or electricity awareness were
found by others [e.g., 12,14,17]. Thus, increased electricity awareness,
or in a broader sense energy awareness, could be a consequence of
becoming a prosumer, and the exposure to one's energy production and
consumption that comes with that role-shift, could subsequently lead to
broader behaviour change like reduced electricity usage. On the other
hand, prosumers often invest in PV as a final decision in a longer pro-
cess of energy-saving measures [14,15,21], suggesting that PV-

investing households are from the outset an energy-minded and en-
gaged sample. Differences in electricity awareness between consumers
and prosumers may therefore both be due to a prior existing difference,
as well as a divergence after the investment.

Prosumers can also differ from consumers in the extent of engage-
ment with other pro-environmental behaviours or attitudes beyond
those directly related to electricity consumption (e.g., recycling waste).
Literature studying this phenomenon is scarce. Hondo and Baba [22]
concluded that for prosumer households with a high awareness of their
status as prosumers, there was an increase in self-reported pro-en-
vironmental behaviours, even beyond directly electricity-related ac-
tions. Wittenberg and Matthies [16] (see also [23]) compared a sample
of PV-owning households to a representative sample of consumers,
finding that prosumers reported higher motivation to engage in several
pro-environmental behaviours, while no differences were found be-
tween households who adopted prior to 2012, compared to those who
did so after 2012 (when grid parity was achieved). Öhrlund, Stikvoort,
Schultzberg and Bartusch [24] concluded that, after non-self-selected
prosumers (who moved into an apartment building equipped with PV)
were made aware of their role, no pro-environmental behaviours
changed, with exception to the aimed-for load-shifting behaviour. To
our knowledge, no other studies have investigated wider pro-environ-
mental behaviour (change) amongst prosumers, neither compared to
consumers nor as a development over time. There are, however, studies
suggesting that energy-saving behaviours spill over from one behaviour
to the next, that is, when a person engages in a certain energy-saving
behaviour, she may be more inclined to also engage in other pro-en-
vironmental behaviours in the future (e.g., [25,26]). A first step, then, is
to examine systematic differences between consumers and prosumers in
their (intention to engage in) pro-environmental behaviour, and their
motivations for doing so.

1.2. The present study

The aim of the study is to examine differences between prosumers’
and consumers’ electricity awareness, motivations and intentions to-
wards pro-environmental behaviours beyond direct electricity-shifting,
in terms of (i) structural relationships between motivations (including
electricity awareness) and intentions and (ii) magnitude of motivations
and intentions. With structural relationships we mean that consumers
and prosumers might differ in terms of which reasons motivate them to
perform pro-environmental behaviours. For example, for some, en-
gagement in pro-environmental behaviours may be driven solely by
expected economic consequences of the behaviours, suggesting strong
correlations between behavioural intentions and the behaviours’ ex-
pected economic consequences, but no correlations with intentions and
the behaviours’ expected environmental consequences. For others, en-
gagement in pro-environmental behaviours may be driven solely by the
behaviours’ expected environmental consequences, suggesting strong
correlations between intentions to perform these, and their expected
environmental consequences, but no correlations with intentions and
the behaviours’ economic consequences. In this case, the two groups are
motivated by completely different reasons and the correlation structure
between the constructs will be different.

With differences in magnitude we mean that, even if for example both
groups are driven solely by environmental consequences, one group
may be much more compelled by this reason, either because they are
more confident that the behaviours will produce the intended positive
effects on the environment or because they find these consequences
more important, or both. In this case, the motivational structure and the
correlations between the constructs are the same, and the difference lies
in the degree to which these beliefs are endorsed.

Additionally, the current study investigated whether there are dif-
ferences between those who have had PV for longer, compared to those
who invested more recently, to see whether trends over time-of-own-
ership could be identified.

2 Any difference between prosumers and consumers can either have grown
after prosumers’ investment of PV, or have been pre-existing, i.e., part of what
made those who became prosumers more inclined to engage in PV-investment
in the first place. A natural second question is thus whether, and to what extent,
differences between prosumers and consumers are a consequence of PV-in-
vestment, or a cause to the decision to invest. This causal question demands an
experimental design, and beyond the scope of this study.
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The study is based on cross-sectional data, and as such we can
answer questions concerning whether there is a difference between
prosumers and consumers in terms of (motivations towards) pro-en-
vironmental behaviours. As discussed in the previous section, there are
few studies that have investigated this. Though the research design does
not permit drawing conclusions concerning causal mechanisms behind
potential differences between the groups, we can suggest the presence
or absence of trends in the data which can guide formulation of
hypotheses about causal mechanisms in future studies.

1.3. Conceptual framework

To test whether motivations, pro-environmental intentions, and
relations between these differ between prosumers and consumers, we
first need to define a set of motivations, and how these are expected to
relate to intentions/behaviour. In the previous sections, electricity
awareness was mentioned as a possible difference between prosumers
and consumers which might also be related to other pro-environmental
behaviour. In this section, we introduce two general behaviour theories
that are often applied to pro-environmental behaviours, namely the
Theory of Planned Behaviour [TPB: 27] and the Norm Activation Model
[NAM: 28]. Constructs from both theories are subsequently merged into
the conceptual framework (see Fig. 1), which is the point of departure
for the comparison between prosumers’ and consumers’ intentions,
motivations, and relationships between these.

The TPB applies to behaviours that stem from an individual's in-
tention to perform that behaviour, where intentions are formed by
beliefs that shape an individual's attitudes, subjective norms, and per-
ceived control in relation to that behaviour. Beliefs are comprised of
two aspects, belief expectancy – the individual's expectation or con-
fidence that the behaviour will produce a certain outcome (e.g., that
performing a behaviour will improve the household's economy) – and
belief evaluation – the assessment of how good and desirable this out-
come is (e.g., how important it is for the household to obtain this
economic improvement). These aspects are multiplied to form an

expectancy-value belief concerning whether a behaviour will have po-
sitive consequences. For example, the intention to recycle one's waste
would only be affected by environmental impact beliefs if one both (i)
believes that recycling is indeed beneficial for the environment (the
belief expectancy) and (ii) assesses that such beneficial effects for the
environment are positive and desirable (the belief evaluation).

In terms of antecedents to pro-environmental behaviour, beliefs that
concern direct consequences of the behaviours are suggested to result in
attitudes amongst individuals, called behavioural beliefs (as in the ex-
amples with economy and recycling in the preceding paragraph).
Normative beliefs concern assumptions on what peers and society thinks
one should do (i.e., subjective norms); for example, whether one be-
lieves that the neighbours expect one to sort one's waste. Control beliefs
relate to one's beliefs in being able to perform the behaviour (i.e.,
perceived behaviour control). For example, if one believes that re-
cycling is too time-consuming in a busy daily schedule, this may be a
barrier for that individual to recycle.

The NAM postulates that an individual's awareness of the con-
sequences of her actions, as well as ascription of responsibility, feed
into an individual's personal (moral) norm, which is “experienced as
feelings of moral obligation” [28 p. 227]. These moral norms can
subsequently affect behaviours.

Constructs of the TPB have been applied to a variety of pro-en-
vironmental behaviours (e.g. [29–32]) and energy-investment beha-
viour (e.g., [33–35]), as have constructs originating from the NAM
(e.g., [36]). Attitudes and perceived behavioural control concerning
pro-environmental behaviours are often found to relate to pro-en-
vironmental intentions, as are social norms and personal norms (see
meta-analyses [29,31]). Moreover, salient behavioural, normative and
control beliefs were found to be associated to respectively attitudes,
subjective norms and perceived behaviour control [30]. In addition,
constructs of the NAM have been combined with the TPB [29,37–39],
resulting in additional explained variance [37,38].

The conceptual model underlying this study is based on an in-
tegration between constructs of the TPB and NAM; we incorporated

Fig. 1. Conceptual framework underlying the present study, which combines motivations that can lead to an intention to engage in pro-environmental behaviour, in
a structure following the TPB and NAM (see the main text for further discussion).
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measures covering belief expectancies and evaluations for behavioural
and normative beliefs as well as measures capturing moral norms, using
a cross-sectional survey that focused on several pro-environmental be-
haviours. Though the original TPB suggests that attitudes and sub-
jective norms are measured directly as well as indirectly, we measured
only beliefs, and associated these with intentions directly, as it is not
the purpose of this study to test the theory, but to uncover what mo-
tivations, or beliefs, could drive prosumers’ and consumers’ pro-en-
vironmental behaviours. The framework (see Fig. 1) thus expresses the
relationship between pro-environmental intentions and motivators or
‘beliefs’ as predicted by the above-described theories; that is: a belief
concerning one's behaviour's impact on household economy, on the en-
vironment, on levels of comfort and on levels of life-quality, one's belief
concerning whether important others perform said behaviour (de-
scriptive norms) and whether important others consider this behaviour
something one ought to do (injunctive norms), and, finally, whether one
thinks one is morally responsible to perform the behaviour in question.
Alongside these seven motivators we included subjective electricity
awareness as a predictor to pro-environmental intentions, that is, the
self-assessed insight people have into how much electricity their
household uses and how they can save it, as previous research has
suggested that this awareness may be different in prosumers, compared
to consumers [5,10,12,14,17].

Based on the positive relationships between beliefs underlying at-
titudes and subjective norms, on the one hand, and intentions, on the
other, postulated by TPB, and between moral norm and behaviour,
postulated by NAM, we expected these motivations to be positively
associated with intention to perform pro-environmental behaviours, for
both consumers and prosumers. If consumers and prosumers differ
systematically, this could be due to differences in magnitude of the
motivations (left nodes in Fig. 1), or the relationship between the mo-
tivations and intention (links between left and right nodes), or both.

2. Methods

2.1. Survey design and measurements

A postal survey was distributed amongst single-family homeowners
in two regions of Sweden (Gothenburg and Uppsala provinces) in the
winter of 2016–17. The survey contained 98 questions, concerning
seven pro-environmental behaviours (see Table 1-A), and demographic
data. For the current analyses, three sets of measures are important: (1)
self-reported intentions towards seven pro-environmental behaviours,
(2) psychological antecedents (motivations/beliefs) to these pro-en-
vironmental intentions, and (3) self-reported awareness on electricity-
use and energy-saving.

2.1.1. Pro-environmental behaviour and intentions
Respondents self-reported their past pro-environmental behaviours

and future pro-environmental intentions on scales from 1: never to 7:
always. Intentions and self-reported behaviours respectively were
merged into composite scales, representing a broader inclination of
respondents to intend/act ‘pro-environmentally’. Internal consistency
between the seven behaviours and intentions was acceptable, with
Cronbach's α-BEHAVIOUR = 0.71, respectively α-INTENTIONS = 0.75.
Intention and self-reported behaviour scales were correlated strongly
(r = 0.94); in subsequent analyses we analysed motivations in relation
to intentions only. To facilitate interpretation, we rescaled this and all
subsequent composite scales to a range of 0 to 1 (M- INTENTIONS = 0.69,
SD = 0.16, see Supplementary Appendix A for details).

2.1.2. Behavioural antecedents: beliefs
Beliefs were based on pilot findings from a previous study to ensure

they were salient beliefs to pro-environmental behaviours [40], and
were formulated so that they were relevant for all seven behaviours,
allowing us to form composite scales for each belief across the beha-
viours3 (see Table 1-B). Each belief entailed two aspects: belief ex-
pectancy was measured for each behaviour separately, that is, seven
times per respondent, while belief evaluation for each belief was mea-
sured once per respondent. Example questions are provided in
Appendix B.

2.1.2.1. Belief expectancy. Respondents assessed how much they
expected that performing each of the behaviours would contribute to
their household economy, whether it had an impact on the environment
and affected their levels of comfort or life-quality, on 7-point scales
ranging from −3: very negative effect to 3: very positive effect.
Furthermore, respondents assessed whether important peers performed
this behaviour (descriptive subjective norms) and if they thought
important peers would think one should perform that behaviour
(injunctive subjective norms) on 7-point scales ranging from −3:
disagree completely to 3: agree completely.4

2.1.2.2. Belief evaluation. Respondents’ evaluation of each belief was
measured by evaluating the importance of the following: household
economy, household's environmental impact, household's comfort,
quality of life, important peers’ actual behaviour and important peers’
thoughts on what one ought to do. We assumed that none of the
respondents would have a naturally negative disposition towards any of
these belief evaluations, hence they were phrased positively, and
importance was measured as an indication of evaluation strength, on
unipolar scales ranging from 1: unimportant to 7: important.

2.1.2.3. Beliefs. For each behaviour, belief expectancy scores were
multiplied with the corresponding belief evaluation. This resulted in a
set of beliefs where score on belief expectancy was weighted by the
belief evaluation. Thus, for example, in the case of environmental
beliefs, highest scores were attained by respondents who expected a
behaviour to have ‘very positive’ effect on the environment while
considering it ‘very important’ to have such a positive environmental
impact, while lowest scores were attained by those that expected a
behaviour to have ‘very negative’ effects on the environment, while still
considering it ‘very important’ to have a positive effect on the

Table 1
Behaviours and beliefs covered in the survey.

A: Behaviours/Intentions: to…
turn off apparatus from standby
switch off lights in unused rooms
travel by train instead of aeroplane for domestic travel
consider energy-efficiency when buying appliances
eat vegetarian food more often
purchase organic products
recycle/sort waste
B: Beliefs: Expectancy x evaluation of….
Att: Impact of behaviour X on environment
Att: Impact of behaviour X on household economy
Att: “…” on levels of comfort
Att: “…” on Quality of Life
SN: important peers’ actual behaviour X
SN: … peers’ opinion on if one should perform behaviour X
MN: moral obligation towards behaviour X

Note. Att = beliefs underlying attitudes, SN = normative beliefs, MN = moral
norm belief.

3 Perceived behaviour control, a third component to the TPB, was also mea-
sured, but due to idiosyncrasy of control beliefs to specific behaviours, the data
did not allow making across-behaviour composite scores, and hence this data
was not used in subsequent analyses.
4 We are aware of the implications of using either unipolar or bipolar scales

when these scales are multiplied at a later stage. Our choice for bipolar scales
for belief expectancies is grounded in the natural ‘neutral’ zero point of these
scales. Conclusions emerging from the analyses are not different when unipolar
scales are used.
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environment. For each respondent, the thus computed beliefs for seven
behaviours were averaged into belief-composite scores. Internal
consistency of these belief composites was good (Table 2).
Supplementary Appendix A contains detailed descriptive statistics for
the composite belief scores.

2.1.2.4. Moral norms. Moral norms were measured with one item per
behaviour, that is,moral responsibility to perform the behaviour was assessed
on a 7-point scale and rescaled to the same 0 to 1 scale as the beliefs above,
where 0 represented ‘disagree completely’, and 1 ‘agree completely’. Here
too there was good internal consistency between measures across
behaviours (Table 2), and hence a composite scale was formed.

2.1.3. Electricity awareness and knowledge
Respondents reported awareness of their own electricity consumption

(“do you know approximately how much electricity your household uses in
terms of kWh per year? (yes/no)” and “do you know approximately how
much your household spends on electricity costs each year? (yes/no)”) and
how to save electricity in-home (“Do you know which machines in your
home use most electricity? (yes/no)” and “Do you know how to save elec-
tricity in your home? (yes/no)”). The resulting four binary variables
showed modest internal consistency (α-awareness = 0.65) and formed a
single electricity-awareness scale ranging from 0 to 1 (M = 0.83,
SD= 0.261). We treated subsequent variables as continuous, though in
fact they consist of discrete levels.

2.2. Sample description

Sampling was non-random, due to the low prevalence of PV-own-
ership in Sweden; households living in single-family homes who re-
quested municipal permits for the installation of PVs (publicly acces-
sible data) were sampled as ‘PV-households’ (N= 518), and these were
complemented by an equivalent number of single-family home-owners
in the same residential region (N = 648), to equalize neighbourhood-,
and other geographic factors between groups. Postal surveys, pre-
franked return-envelopes and reminders were sent over a period of two
months. The survey asked respondents about the household's state of
PV-ownership; responses largely confirmed the data from municipal
lists.5 Subsequent analyses rely on self-reported data (Ntotal = 460,
Nprosumers = 276, Nconsumers = 184).

The two groups of responding households were comparable in terms
of age (Mprosumers = 60.8, SD = 11.4, Mconsumers = 58.9, SD = 15.4),
and size of home (as proxy for household affluence; Mprosumers = 5.53,
SD = 1.62, Mconsumers = 5.30, SD = 1.65). Proportions of highest
achieved level of education did not differ between groups (Poisson
sampling, prior concentration = 1, BF10 < 1), nor did gender of

respondent (ibid, 58% was female, 55% in the consumer group, 60% in
the prosumer group). Detailed demographic information on the sample
can be found in Supplementary Appendix C.

2.3. Statistical approach

In the current study, Bayesian regression models and Analyses of
Variance (BANOVA)6 models are compared in terms of how well the data
supported them, that is, by using Bayes Factors, and BIC (Bayes Informa-
tion Criterion) values. A Bayes factor comparing model ‘1′ to ‘0′, denoted as
BF10, indicates how much more likely the data are under Model 1 com-
pared to Model 0. We used the R package BayesFactor [41] for parameter
estimation and evaluation of models, which uses MCMC sampling to pro-
duce posterior probability distributions (10.000 intervals, thinning interval
1, one chain). Default priors from this package were adopted [42–44].

3. Results

Results are reported in three sections: Section 3.1 compares three
models that predict pro-environmental intentions with various moti-
vations for performing them, and information on respondents’ PV-
ownership, as predictors. This analysis focuses on whether there are
structural differences between prosumers and consumers in terms of
relationships between motivations and intentions towards pro-en-
vironmental behaviours (i.e., if they are motivated by different con-
siderations); Section 3.2 compares means of prosumers’ and consumers’
motivations, testing differences in magnitude of assessments (i.e., dif-
ferences in the degree to which they are compelled and motivated by
different reasons); Section 3.3 analyses the differences found in means
between prosumers that differ in time of PV-ownership.

Before focusing on relationships between motivations and intentions
(Section 3.1), we address the following question: do prosumers differ from
consumers in their intentions to perform pro-environmental behaviours? A
comparison of prosumers’ and consumers’ scores on the composite inten-
tion-scale, which aggregated respondents’ intention for several behaviours
into one pro-environmental intention indicator, supports the assumption of
a difference, BF10 = 3422; prior ~ Cauchy(0,.707); against assuming no
differences, where prosumers’ mean intentions were higher than consumers’
mean intentions, Mprosumers = 0.72; Mconsumers = 0.65; Mdifference = 0.07;
95% credible interval (CI) = [0.04:0.10].

To test if this difference between prosumers’ and consumers’ in-
tentions translated into differences across behaviours, respondents’
scores on pro-environmental intention (non-aggregated) were analysed
as a function of the respective type of pro-environmental behaviour they
were concerned with (within-respondent factor) and whether re-
spondents were PV-owners (between-respondent factor), using a
Bayesian mixed ANOVA.

Table 3 presents Bayes Factors for all possible model configurations,
compared to the null model (BF10) and to the model receiving most
support (BF1-best) .7 Data are most likely under Model 3, containing both

Table 2
Internal consistency (Cronbach's alpha), mean and standard deviation of belief
scales across seven behaviours.

Belief Cronbach's α Mean SD

Household economy .81 0.63 0.15
Impact on environment .85 0.76 0.14
Level of comfort .84 0.60 0.15
Quality of life .86 0.66 0.17
Important peers’ expectations .88 0.48 0.15
Important peers’ behaviour .79 0.51 0.09
Moral responsibility .88 0.67 0.24

5 This resulted in a sample of 481 households living in single-family homes
(284 of which were PV-households). Of households that had not applied for a
permit for PVs, 184 confirmed not to have solar panels (thirteen answered to
have solar panels despite not appearing on municipal lists). Of the 284
households that had municipal permits for PVs, 276 replied to have them in-
stalled, eight did not.

6 The frequentist statistical approach, particularly ‘null hypothesis testing’, is
sometimes critiqued [42,65] because of lacking information on probabilities of
alternative hypotheses, compared to the null hypothesis. Bayesian inference
offers an alternative that allows the expression of evidence in favour of a hy-
pothesis or model compared to alternative hypotheses or models [66]. Bayesian
regression analyses and Analyses of Variance (BANOVA) combine prior pre-
dictions about parameters in a specific model (priors) with measured data,
resulting in updated beliefs concerning the probability of a set of parameters
(posteriors).
7 Note, the models compared here are not identical to the conceptual fra-

mework presented in Section 1.3. Models here denote configurations of the two
dependent variables (type of behaviour and PV-ownership) as predictors to
variance in the independent variable. Model 1 models only the effect of type-of-
behaviour, Model 2 only the effect of PV-ownership, and Model 3 and 4 re-
spectively model both effects, and both effects with an interaction.
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main effects but no interaction.8 This suggests that (1) in line with the
previous analysis, there is a difference between prosumers’ and con-
sumers’ intentions to perform pro-environmental behaviours, (2) there
are differences in intentions between different types of behaviours
(except for purchasing eco-labelled products compared to travelling by
train for domestic travel and turning off standby, see Fig. 2), and (3) the
difference in prosumers’ and consumers’ intentions is not contingent on
the type of behaviour.

3.1. Predicting pro-environmental intentions with motivations and PV-
ownership

The conceptual framework underlying the study (as presented in
Section 1.3) proposes that pro-environmental intentions (outcome
variable) are predicted by four behavioural belief predictors (impact of
behaviours on household economy, environment, comfort and life-
quality), two normative belief predictors (others’ behaviour and others’
expectations), one belief on moral responsibility and subjective elec-
tricity awareness (see Fig. 1). Model 1 considers these eight predictors,
while ignoring the possible impact of respondents’ status as prosumers.
That is, it models a situation where the eight predictors matter equally
in terms of predicting intentions, for both prosumers and consumers.
Subsequently, Model 2 includes a dummy predictor for PV-ownership
(1 = prosumer). It captures the situation where structural relations
between the eight predictors and intention are the same for consumers
and prosumers, but where the ninth factor on PV-ownership adds to the
prediction of intentions. Model 3 further includes interactions between
all predictors and PV-ownership. This corresponds to a situation where
being a prosumer versus consumer affects the correlations between the
predictors and intention to perform pro-environmental behaviours.
Support for model 3 suggests structural differences in the sense that the

relations between predictors and pro-environmental behaviours differ
systematically between consumers and the prosumers. Table 4 sum-
marises estimates for all parameters.

Comparing the Bayes Factors of these models against the intercept-
only model suggests that the data was more likely under all proposed
models compared to the intercept-only, BF model-x – intercept only > 1000.
Comparing Bayes Factors amongst models suggests that the data was
most likely under Model 1, as compared to the other models (see also
lowest BIC). Model 3, where interactions for all predictors and PV-
ownership were considered alongside main effects, performed worse
than the other two models. In other words, information concerning
whether respondents were PV-owners did not improve the model's
ability to account for the data compared to the other models. This
provides evidence that the structural relations between the beliefs and
intentions were similar for consumers and prosumers.

Concerning the posterior parameter estimates of Model 1, estimates
for environmental impact belief, household economy impact belief,
moral responsibility, life-quality belief and electricity awareness had
95% credible intervals that did not encompass zero, suggesting that,
conditional on Model 1, these parameters are positive (in case of
household economy belief, negative). A similar conclusion can be drawn
from Model 2. Conditional on Model 3, however, the 95% CI for the
household-economy impact belief encompassed zero, making clear con-
clusions concerning its direction (positive or negative) difficult.
Additionally, the 95% CI of the interaction between owning PV and
environmental impact belief is above 0, suggesting that there is a positive
interaction between these two variables; for prosumers, the relationship
between the environmental impact belief and pro-environmental inten-
tions is stronger than the estimated main effect (coefficient 0.39),
whereas for consumers this relationship is weaker (coefficient 0.09).

Concluding, the data supported Model 1, which was agnostic to
whether respondents were prosumers or consumers, over the other
models, which contained the predictor PV-ownership (Model 2) and
interactions between PV-ownership and motivations (Model 3). That said,
interaction Model 3 did suggest that the relation between belief in

Table 3
Results for selected model comparisons from a Bayesian ANOVA on intentions to enact pro-environmental behaviours, including different type of behaviour (within
subject) and PV-ownership (between subjects).

Models BF 10 error% BF1-best error%

M0: Intercept-only model 1.000 1.5 E−194 1.5%
M1: Type of behaviour 2.4 E190 0.5% 3.7 E−4 1.6%
M2: PV-ownership 2.2 E3 0.9% 3.4 E−191 1.8%
M3: Type of behaviour + PV-ownership 6.5 E193 0.9% 1.000
M4: Type of behaviour + PV-ownership + Type of behaviour ✻ PV-ownership 2.9 E191 1.4% 4.0 E−3 1.9%

Note. Error% denotes proportional error on the Bayes Factor using Monte Carlo integration (10.000 iterations).

Fig. 2. Means for intentions for both consumers and prosumers, with 95% credible intervals, based on post-hoc t-comparisons. Note that the y-axis is cut-off to ease
visual inspection. Intentions could range from 0 to 1.

8 To assess sensitivity to the prior, we ran the analysis for a wider respectively
narrower prior (r= 1 resp. r= 0.2 for fixed effects). Conclusions hold for both
prior specifications.
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environmental impact of one's behaviour and intention to perform that
behaviour could be stronger amongst prosumers than consumers.

3.2. Comparing means of prosumers’ and consumers’ motivations

The previous analysis did not reveal large differences in prosumers’
and consumers’ structural relationships between motivations and in-
tentions. But are there differences of magnitude? That is, are there
differences in degrees with which prosumers and consumers are moti-
vated by the beliefs or by electricity awareness?

Means of motivations were analysed as a factor of PV-ownership
(between-subject) and specific belief or motivation (within-subject)
using a Bayesian mixed ANOVA. Table 5 presents Bayes Factors for all
possible model configurations, as compared to the null model (BF10)
and to the model receiving most support (BF1-best). The data were most
likely under Model 4, containing both main effects and an interaction.9

Conditional on Model 4, the main effect of owning PV lies in higher
motivations towards pro-environmental behaviours amongst prosumers
as compared to consumers. Given that the motivations are conceptually
dissimilar, it is not a surprise that the data supported the assumption of
differences between the means of these motivations. More interestingly,
post hoc comparisons suggest that data supports differences between
prosumers and consumers concerning the belief of behaviour's effect on
life-quality, moral responsibility to perform these behaviours and elec-
tricity awareness; all were higher amongst prosumers, BF10 > 10
(Table 6-A, Fig. 3). There is moderate evidence in favour of assuming a
difference between prosumers and consumers in terms of beliefs con-
cerning behaviour's effect on the environment, and comfort BF10 > 4.

To investigate whether the above identified differences in beliefs
arose from a difference in belief expectancies or evaluations, from
which the beliefs were formed, we compared prosumers’ and con-
sumers’ confidence (expectancies) in their behaviours’ impact on the
environment, life-quality and comfort levels, averaged across beha-
viours, and their evaluation of these outcomes (see Table 6-B). The
results for expectancies supports the assumption that prosumers were
more confident that the behaviours would improve their life quality and
comfort than consumers, while there was no difference in the degree to

Table 5
Results for selected model comparisons from a Bayesian ANOVA on motivations to enact pro-environmental behaviours, including different motivations (within
subject) and PV-ownership (between subjects).

Models BF 10 error% BF1-best error%

M0: Intercept-only model 1.00 1.8 E−296 1.3%
M1: Motivations 9.8 E270 0.7% 1.8 E−25 1.3%
M2: PV-ownership 3.1 E4 1.0% 5.8 E−292 1.7%
M3: Motivations + PV-ownership 3.9 E275 1.4% 7.1 E−21 1.7%
M4: Motivations + PV-ownership + Motivations ✻ PV-ownership 5.4 E295 1.4% 1.000

Note. Error% denotes proportional error on the Bayes Factor using Monte Carlo integration (10.000 iterations).

Table 4
Posterior summary for parameters in the models. Grey cells indicate parameters whose 95% credible interval did not encompass zero. Iterations = 10.000.

Model 1 Model 2 Model 3
Coefficients Mean SD 95% CI Mean SD 95% CI Mean SD 95% CI

Intercept 0.69 0.01 0.68: 0.70 0.69 0.01 0.67: 0.70 0.69 0.01 0.67: 0.70
Environment 0.28 0.06 0.16: 0.39 0.28 0.06 0.16: 0.39 0.24 0.06 0.12: 0.36
Household economy −0.13 0.06 −0.24: −0.02 −0.13 0.06 −0.24: −0.02 −0.13 0.06 −0.25: −0.01
Moral resp. 0.23 0.03 0.17: 0.29 0.23 0.03 0.17: 0.29 0.23 0.03 0.16: 0.29
Comfort 0.10 0.07 −0.04: 0.23 0.09 0.07 −0.04: 0.23 0.10 0.08 −0.05: 0.25
Life quality 0.25 0.06 0.13: 0.36 0.25 0.06 0.13: 0.37 0.27 0.07 0.14: 0.41
Injunctive SN 0.03 0.05 −0.07: 0.13 0.03 0.05 −0.07: 0.13 0.04 0.05 −0.07: 0.14
Descriptive SN 0.12 0.08 −0.05: 0.29 0.12 0.08 −0.04: 0.28 0.13 0.09 −0.04: 0.30
E. awareness 0.07 0.02 0.03: 0.12 0.07 0.02 0.02: 0.12 0.07 0.02 0.02: 0.12
No-PV 0.00 0.01 −0.02: 0.01 0.00 0.01 −0.01: 0.01
PV 0.00 0.01 −0.01: 0.02 0.00 0.01 −0.01: 0.01
PV x environment 0.15 0.06 0.03: 0.27
PV x economy 0.03 0.06 −0.09: 0.16
PV x moral resp. 0.01 0.03 −0.05: 0.07
PV x comfort −0.02 0.08 −0.17: 0.13
PV x life-quality −0.08 0.07 −0.22: 0.05
PV x injunct. SN −0.07 0.05 −0.17: 0.03
PV x descr.SN −0.03 0.08 −0.20: 0.13
PV x e. awareness −0.01 0.02 −0.05: 0.04
sig2 0.01 0.00 0.01: 0.01 0.01 0.00 0.01: 0.01 0.01 0.00 0.01: 0.01
g-PV-ownership 0.96 7.77 0.04: 5.13 2.03 76.82 0.04: 5.73
g-continuous 0.26 0.17 0.09: 0.71 0.26 0.16 0.09: 0.71 0.12 0.05 0.06: 0.26
BF model x – intercept only 1.03E 64 1.62E 63 7.1 E 58

BF model x – best model 1 0.16 6.9 E−6

BIC −531.3 −525.6 −491.6

Note. Mean = Posterior mean; SD = Standard deviation of Posterior mean; 95% CI = 95% credible interval, BIC = Bayesian Information Criterion.
Model 1. Main effects without PV: including main effects of all seven beliefs and energy-awareness.
Model 2. Main effects with PV: including Model 1 parameters and binary variable on PV-ownership.
Model 3. Main effects with interaction-PV: including Model 1 parameters, and interaction between all parameters and PV-ownership.
Interaction terms are symmetrical; that is, parameter estimates for Motivation X No-PV mirror the parameter estimates for Motivation x PV, as presented above.
Extended table is available in Supplementary Appendix D.

9 To assess sensitivity to the prior, we ran the same analysis with wider and
narrower prior (r = 1 resp. r = 0.2 for fixed effects). The conclusions hold for
both alternative priors.
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which the two groups expected the pro-environmental behaviours to
have a positive effect on the environment (both groups had positive
expectations). As concerns belief evaluation, the results are reversed,
prosumers ascribed higher value (importance) to exerting a positive
impact on the environment compared to consumers, whereas there
were no differences in regard to the assessed importance of improved
comfort levels of life-quality levels.

3.3. Comparing means in motivations of consumers, early-, middle- and late
prosumers

For those motivators where a difference in means arose between
prosumers and consumers, as well as for intentions, we analysed dif-
ferences between early prosumers (invested in PV in the years
2010–2011), middle prosumers (invested in 2012–13) and late prosu-
mers (invested in 2014–2015). Using BANOVAs with timing of invest-
ment as factor (featuring the three aforementioned levels of prosumers,
plus consumers), we compared models explaining variance in intentions,
beliefs concerning behaviours’ impact on the environment, comfort, life-
quality, moral responsibility and electricity awareness.

Overall, the models predicting intentions and motivations with the
factor timing of investment were better than the intercept-only models
(intentions: BF10 = 3.8E4; impact on the environment: BF10 = 10;
impact on comfort: BF10 = 13; impact on life-quality: BF10 = 7.4E2;
moral responsibility: BF10 = 7.0; electricity awareness: BF10 = 7.1E11,
see also Fig. 4). For pro-environmental intentions, the beliefs

concerning behaviour's impact on the environment, comfort, life-
quality, and moral responsibility, there was a sloping trend where early
prosumers’ means were higher than consumers’ means and sometimes
late prosumer’ means, while middle prosumers’ means sometimes were
higher than consumers’ means too. For self-assessed electricity aware-
ness, there was little difference between early, middle and late prosu-
mers’ means, while consumers’ means were lower than any of the
prosumer groups.

In other words, earlier investment in PV/longer experience as a PV-
owner was continuously (dose-response) related to higher intention to
perform pro-environmental behaviours, stronger motivation by en-
vironmental, life-quality, and comfort concerns, and by a larger per-
ceived moral responsibility to perform them. The exception was elec-
tricity awareness, where prosumers were consistently higher than
consumers regardless of the time that had passed since they invested in
PV.

4. Discussion

Various studies suggest that solar prosumers are inclined to reduce
their energy consumption [e.g., 14,15] (though not [e.g., 17,18]), have
increased awareness of their electricity use and savings [e.g.,
12,14,17,20] and engage more in other pro-environmental behaviours
after PV-investment [22, though not 24], even though reducing elec-
tricity use at home, becoming more aware of one's electricity con-
sumption, or engaging in a broader set of pro-environmental behaviours

Fig. 3. Means for beliefs for consumers (cons) and prosumers (pros) with 95% credible intervals, based on post hoc comparisons. Note that the y-axis is cut-off to ease
visual inspection. Motivations could range from 0 to 1.

Table 6
Post-Hoc comparisons between prosumers’ and consumers’ beliefs (motivations).

Consumers (N = 128) Prosumers (N = 226) Post Hoc comparison
Mean 95% Cred. Interval Mean 95% Cred. Interval BF₁₀ error%

A
Household economy 0.62 0.59 0.65 0.63 0.61 0.65 0.19 2.93E−5

Environment 0.73 0.71 0.76 0.78 0.76 0.79 4.29 7.37E −7

Comfort 0.57 0.54 0.59 0.61 0.59 0.63 4.61 6.75E −7

Life-Quality 0.62 0.59 0.65 0.68 0.66 0.71 22.5 9.33E−8

Descriptive SN 0.50 0.49 0.52 0.51 0.50 0.52 0.16 4.34E−5

Injunctive SN 0.46 0.44 0.49 0.50 0.48 0.52 1.69 2.28E−6

Moral responsibility 0.61 0.57 0.66 0.70 0.67 0.73 21.0 1.02E−7

Electricity awareness 0.70 0.65 0.76 0.92 0.89 0.94 1.01E +12 6.19E −18

B
Env. impact expectancy 5.55 5.39 5.70 5.70 5.60 5.81 0.49 9.7 E−6

Comfort impact expectancy 4.54 4.36 4.72 4.87 4.73 5.01 6.69 4.3 E−7

Life-quality impact expectancy 4.81 4.63 4.98 5.19 5.05 5.33 20.6 1.0 E−7

Env. impact evaluation 5.88 5.68 6.07 6.35 6.22 6.47 607 1.45E−9

Comfort impact evaluation 5.39 5.16 5.62 5.28 5.12 5.45 0.16 3.45E−5

Life-quality impact eval. 6.27 6.08 6.45 6.28 6.15 6.41 0.12 4.70E−5

Note. Variables are in italics when data supports the hypothesis of means being different over the hypothesis of means being the same by more than three times.
SN = subjective norms. Env. = Environmental.
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are not direct effects of having PV. The current study aimed to con-
tribute to this body of knowledge by investigating the differences be-
tween consumers’ and prosumers’ electricity awareness, motivations
and intentions towards pro-environmental behaviours beyond direct
electricity-shifting, in terms of (i) structural relationships between mo-
tivations (including awareness) and pro-environmental intentions and
(ii) magnitude, that is, how strong their intentions are and how strongly
they are driven by the different motivations.

We found that prosumers in this study had stronger pro-environ-
mental intentions compared to consumers. Yet, both groups intended to
engage in pro-environmental behaviours for the same basic reasons; the
structural relationships between motivators and intentions were si-
milar. In terms of magnitude, prosumers held, on average, stronger
beliefs on the impact of their behaviours on the environment, comfort
and life-quality, moral responsibility, as well as having higher self-rated
electricity awareness. More precisely, prosumers ascribed more im-
portance to having a positive impact on the environment, compared to
consumers, while they also expected their pro-environmental beha-
viours to have a more positive impact on their life-quality and comfort
levels, though not more positive impact on the environment.
Differences between prosumers’ and consumers’ pro-environmental
intentions could thus be construed as due to a difference in the strength
of motivations, rather than differences in relationships between moti-
vations and intentions, between prosumers and consumers.

In short, prosumers attach more importance to behaving in ways
that benefit the environment, and have higher confidence that such
behaviours will improve their life quality and comfort. They also ex-
perience a stronger moral obligation to perform such behaviours and
report a higher electricity awareness.

4.1. Associations between pro-environmental intentions, motivations and
PV-ownership

Respondents’ intentions to perform pro-environmental behaviours
were positively related to beliefs about benefits for the environment,
positive effects on life quality and comfort, moral obligation, and
electricity awareness. Contrarily, respondents who assessed the impacts
of their behaviours on household economy to be high were those less
inclined to perform pro-environmental behaviours, perhaps indicating
that those respondents who were more economy-orientated were those
less inclined to perform pro-environmental behaviours. Regardless, the
lack of evidence favouring the model differentiating between prosu-
mers’ and consumers’ motivations towards pro-environmental inten-
tions suggests that both prosumers and consumers are motivated by
largely the same set of motivations.

Though performing worse than the other models, the model

differentiating between prosumers’ and consumers’ motivations re-
vealed two interesting dynamics: (i) the relationship between en-
vironmental belief and intentions was stronger amongst prosumers
compared to consumers. That is, the belief that one's behaviour con-
tributes to the environment was related to intention to engage in such
behaviour amongst prosumers, but less so amongst consumers. And (ii)
this was not the case for any of the other motivations, not even elec-
tricity awareness, which has received attention in previous literature as
a catalyser for the relationship between micro-generation and energy
conservation [19,20].

Thus, apart from an indication that prosumers’ environmental be-
liefs were more strongly associated to intentions, we found no support
for the assumption that prosumers’ and consumers’ motivations are
differently associated to their pro-environmental behaviours. The fact
that prosumers had stronger pro-environmental intentions compared to
consumers cannot be explained satisfactorily by prosumers and con-
sumers having different motivational structures (as measured in this
survey).

4.2. Comparing means of prosumers’ and consumers’ motivations

Prosumers assessed themselves to be more strongly motivated to
perform pro-environmental behaviours by expected beneficial en-
vironmental effects, positive influence on comfort and life-quality, and
reported stronger moral responsibility towards these behaviours as well
as higher electricity awareness. Given that the beliefs concerning be-
haviours’ impact on the environment, life-quality, moral responsibility
and electricity awareness were positively related to respondents’ in-
tentions (outcome of previous analysis), the difference in the means of
these predictors goes some way to explain the difference between
prosumers’ and consumers’ intention. That is, the fact that on average
prosumers scored higher on these motivators can explain why they also
scored higher on intentions; prosumers judged themselves to be more
aware of their electricity consumption, felt more moral responsibility
and expected their behaviour to have stronger impacts on the en-
vironment and life-quality, which corresponded to having stronger in-
tentions to engage in pro-environmental behaviour.

A potential explanation for this finding is that prosumers may have
been higher in self-efficacy, that is, they held stronger beliefs con-
cerning their ability to achieve certain goals or outcomes. Self-efficacy
has been linked to pro-environmental behaviour [e.g., 45,46]. An in-
teresting follow-up question is whether self-efficacy towards energy-
related or more general pro-environmental behaviour is higher amongst
prosumers, and if so, whether this is a cause or consequence (or both) of
investing in PV.

Another aspect of the means comparison begs mentioning: the

Fig. 4. Means for intentions and motivations, with 95% credible intervals, comparing between prosumers who installed during different time-periods (pros) and
consumers (cons). Note that the y-axis is cut-off to ease visual inspection. Intentions could range from 0 to 1.
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absence of a difference in the belief concerning behaviours’ impact on
household economy. Tentatively, it seems that prosumers were not
more convinced than consumers that their environmental actions would
result in financial gains (or losses). Given that prior literature suggested
that prosumers invest because of (anticipated) financial gains
[21,33,34,47,48], one could expect prosumers to be more interested in
financial gains. At least in the current study, this did not translate in
measurable differences in beliefs concerning the effects of other pro-
environmental behaviours on one's household economy. Future studies
could focus on investigating whether this finding is an artefact of the
behaviours chosen for this survey (perhaps these behaviours do not
elicit economic/financial considerations), or whether intentions of
Swedish citizens are less driven by economic thinking.

Last, but not least, the finding that prosumers scored markedly
higher, compared to consumers, in self-reported electricity awareness is
in line with previous studies that suggested that prosumers (in some
cases) became more aware of their own electricity consumption and
how to save electricity [14,17,20, see 19 for an overview]. Yet, for both
prosumers and consumers, self-assessed electricity awareness was re-
lated to intentions to engage in other pro-environmental behaviours,
the difference was only one of magnitude.

With a self-assessment variable, we are naturally not measuring
‘objective’ electricity awareness. A prior study [40] found that objec-
tively measured electricity awareness was unrelated to four pro-en-
vironmental behaviours, however. Subjectively assessed electricity
awareness may well have covered aspects like self-efficacy or general
interest in technology. Future studies could compare subjective elec-
tricity awareness with objectively measured indicators, as well as other
indicators for self-efficacy, general interest in technology and other
related concepts, while testing whether electricity awareness is a (ne-
cessary) mediator between large energy-efficiency investments, such as
PV-investment, and other behaviour or attitude changes.

4.3. Comparing means in motivations of consumers, early-, middle- and late
prosumers

There was an upward sloping trend in intentions, beliefs concerning
behaviour's impact on the environment, comfort, life-quality, and moral
responsibility; prosumers who owned PV for longer scored higher in
these variables than consumers, while those who recently invested were
comparable to consumers. Electricity awareness on the other hand did
not differ between those who invested early compared to those who
invested late, whereas all prosumers scored higher than consumers, that
is, there was no trend in the awareness as time of ownership increased;
all prosumers considered themselves more aware of their electricity
consumption compared to consumers.

There are (at least) two ways of interpreting these results, de-
pendant on the causal mechanism behind differences amongst prosu-
mers’ and consumers’ behaviours (intentions, motivations). For ease of
referencing, we label these explanations the selection- and spill-over
hypothesis, respectively. The selection hypothesis suggests that dissim-
ilarities between prosumers and consumers arise due to self-selection.
That is, prosumers are a subset of individuals who already had di-
vergent pro-environmental intentions and behaviours before investing
in PV. There is a wide range of reasons why people might decide to
invest in PV, even beyond socio-economic, geographical or structural
factors (for a review, see [49], for example, social/psychological factors
like (anticipated) financial gains or support [21,33,34,39,47,48,50],
environmental concerns [21,33,48,51], self-sufficiency goals [34,47],
affinity with new technologies [39,51,52], perceived status as early
adopter [34] and peer effects [53,54]. If these factors contributed to
prosumers’ choice of investment, while also being linked to engagement
in other pro-environmental intentions and behaviours, it would cause a
difference between prosumers and demographically similar consumers
from the start. Prosumers’ and consumers’ dissimilar intentions and
behaviours, in other words, are part of the ‘selection criteria’ for

becoming prosumers. The spill-over hypothesis, on the other hand, sug-
gests that differences between prosumers and consumers can arise as a
positive side-effect of becoming a prosumer, a ‘soft benefit’ [5]. Pro-
sumers could have gradually changed their pro-environmental beha-
viours (intentions, motivations) after PV-investment. Few studies have
looked into causal effects of a spill-over from owning PV to other pro-
environmental behaviours (but see [24] for an exception), but the
general notion of pro-environmental behaviours spilling over to others
has found support (for reviews, see [55,56]).

If intention (or a motivator) shows a growing trend over time of PV-
ownership, this could suggest that respondents who have owned PV for
longer have had time to grow in that specific variable (tentatively
supporting the spill-over hypothesis). For example, in case of pro-en-
vironmental intentions, prosumers who invested in 2010 would have
had five years longer than those investing in 2015 to experience the soft
benefits of being a prosumer, which has led them to become more pro-
environmental. An alternative interpretation, however, is that those
who invested in PV in the early years, that is, 2010, simply had different
intentions, compared to those investing later (a similar conclusion as in
[23]). Likewise, those who invested in 2010 may have had stronger
beliefs regarding their behaviour's impact on the environment, comfort,
life-quality and moral responsibility, compared to consumers and late
prosumers, whereas those who invested in 2015 were in these regards
more similar to consumers (the selection hypothesis). Indeed, the Diffu-
sion of Innovations Theory (DIT) by Rogers [57] suggests that those
individuals who adopt an innovative behaviour or technology early
often have different characteristics compared to later adopters. ‘Early
prosumers’ in our study, however, do not equate to early adopters of PV
in Sweden; the first PV installations became commercially available
much earlier than the ‘early prosumers’ here. Nevertheless, the notion
that innovations are adopted by different kinds of people at different
times could help explain the results of this study, without resorting to a
spill-over explanation.

4.4. Limitations and future studies

There are two limitations to the current study that merit further
discussion, as they lead to interesting future study-suggestions: (a) the
cross-sectional nature of the research design, (b) reliance on self-report,
as opposed to observed measures.

The data of this cross-sectional survey permitted conclusions to be
drawn as to whether, and how, prosumers and demographically similar
consumers in Sweden were different in terms of pro-environmental
intentions and motivations. The finding that prosumers and consumers
are indeed dissimilar (‘different folks’) provides support for both the
above-described selection-hypothesis as well as the spill-over hypoth-
esis, over the hypothesis that prosumers are ‘just like’ consumers, in
terms of other pro-environmental behaviours. However, the current
study design does not allow differentiation between these two inter-
pretations; we cannot state whether this difference emerged from a
spill-over effect of becoming a prosumer, or whether it arose from the
fact that those who become prosumers simply are ‘different folks’ from
the start. Finding causal relationships between becoming a prosumer
and other pro-environmental behaviours requires experimental designs,
where one randomly ‘treats’ some households to become prosumers,
and not others, and then measures the difference between these
households. For example, Öhrlund and colleagues (2019) have causally
investigated the effect of becoming (aware of being) a prosumer on the
frequency of a target behaviour (shifting electricity use to daytime) and
other pro-environmental behaviours [24]; they found no spill-over ef-
fects, though the type of prosumers in their study was dissimilar from
the current study. More experimental studies are needed to a) test if
‘becoming a prosumer’ spills over to other pro-environmental beha-
viours, and b) whether factors like locus-of-control, self-efficacy, own-
ership of PV and autonomy in investment decisions affect such a pro-
cess.
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The survey for this study relied on self-reported measures of in-
tention, and cognitive motivators. The theories underlying the con-
ceptual model (TPB and NAM) aim to explain behaviour, and naturally,
in terms of real impact on the environment, it is more important that we
look at observed behaviour rather than self-reported behaviour; it is
after all important that we do act pro-environmentally, not just that we
think we do. Aware of this limit, the current study focused only on self-
reported intention, and its cognitive motivators, constructs which are
difficult to measure in any way other than by means of self-report.

How much of a limitation is this? When compared, self-reported and
observed pro-environmental behaviour measures are often found to be
dissimilar, though related [58–60] . In general, behavioural theories like
the TPB can account for variance both in self-reported and observed
behaviour, though the latter is often less strongly associated with cog-
nitive predictors [61]. As Kormos and Gifford [58] suggest in a meta-
analysis on self-reported and observed measures of pro-environmental
behaviour, it is important to focus on research that links self-reports to
actual behaviour, particularly since our real interest lies in actual be-
haviour. In line with this, we propose that future studies, besides looking
into causal mechanisms behind what happens to pro-environmental be-
haviour/intentions of individuals when they become prosumers, also
investigate self-reported-, as compared to observed-, behaviour. Com-
bined with experimental designs, a research design that includes both
self-reported measures on cognitive motivators as well as observations of
actual behaviour would allow research to conclusively answer questions
like “Do people increase their pro-environmental behaviour as a result of
becoming a prosumer?” and “What motivators to pro-environmental
behaviours change as a result of becoming a prosumer?”

5. Conclusion

In this study we confirm the existence – and map the nature – of
systematic differences between prosumers and consumers in their in-
tention and motivation to engage in pro-environmental behaviours. The
results demonstrate that both prosumers and consumers are motivated
by the same considerations. Prosumers, however, express a generally
higher intention to engage in pro-environmental behaviours, attach
more importance to behaving in ways that benefit the environment, are
more confident that such behaviours will improve their life-quality and
comfort, experience a stronger moral obligation to perform the beha-
viours, and report a higher electricity awareness. Although the current
design cannot distinguish between the two, results suggests that either
there are strong initial selection effects or strong spill-over effects, or,
perhaps most likely, a combination of these.
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APPENDIX B. Example questions (translated from Swedish)

Intention

Please indicate for the following behaviours how often you intend to
perform these in the future. [travelling by train instead of by air for
domestic distances]. [1: never (when travelling) to 7: always (when
travelling)]

Belief evaluation

To contribute to a better environment is, to me… [1: very unim-
portant to 7: very important]

Behavioural belief expectancy

To [travel by train instead of by air for domestic distances] has a…
[−3: very negative environmental impact to 3: very positive environ-
mental impact]

Normative belief expectancy

[travelling by train instead of by air for domestic distances] is
something friends, family and neighbours expect of me. [−3: totally
disagree to 3: totally agree]

Moral responsibility

I have a moral responsibility to [travel by train instead of by air for
domestic distances]. [−3: totally disagree to 3: totally agree]

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.erss.2020.101552.
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