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A B S T R A C T   

Conventionally, demand response functions by communicating to electricity users through price signals 
embedded in their tariffs. These signals are intended to encourage a change in behavior, which hinges on the 
ability of users to understand their tariff and link it to the appropriate curtailment actions. This study focuses on 
demand-based tariffs, evaluating user’s understanding of these tariffs and the conceptual grasp of power (rate of 
energy consumption) that they implicitly require. It also explores whether users exposed to these tariffs for 
extended periods develop a better understanding of them. Using a survey, the following points are sequentially 
evaluated: (1) Respondents’ abilities to intuitively distinguish between energy/power (2) Their understanding of 
the different effects of curtailment actions under four distinct tariffs (3) Whether those subject to demand-based 
pricing outperform those subject to energy-based pricing. Despite a weaker conceptual understanding of power 
compared to energy, there were no significant differences between respondents’ understanding of energy and 
demand-based tariffs. Comparing those subject to energy and demand-based pricing reveals that a majority were 
unaware of their own tariff (and hence which group they fall into), but for the minority of users who correctly 
identified their own tariffs, those subject to demand-based pricing outperform their energy-based counterparts. 
When presented with clear and instructive tariffs, respondents are largely able to deduce the consequences of 
curtailment actions, despite a weak conceptual understanding of power. A deeper problem is that the price signal 
may be entirely disregarded by an apathetic majority, reaching only an inquisitive minority.   

1. Introduction 

1.1. Background 

Navigating the energy transition is a project that has largely been 
viewed through the prism of supply. A warranted perspective, given the 
fact that decarbonizing the energy sector will inevitably require carbon- 
emitting energy sources to be replaced with renewable ones. An 
increasing uptake of renewable energy presents a problem however, 
with the intermittency of these energy sources coupled with a lack of 
storage capacity exacerbating the challenge of managing the electricity 
grid. Central to this challenge and crucial to the energy transition, is the 
capacity to balance supply and demand, also known as grid flexibility 
[1]. Challenging constraints to grid flexibility on the supply side have 
shifted attention to the flexibility potential of the demand side, with a 
larger role being delegated to end-users. One instrument that has been 
subject to a growing level of interest to this end is demand response 
(DR). DR broadly refers to changes in the power consumption of an 

electricity user in response to certain conditions in the electricity mar-
ket, typically communicated through a price or incentive-based signal 
[2]. Described as a potential “catalyst” in meeting the EU’s energy goals, 
DR touts benefits that range from postponing network investments 
through reductions in peak demand, alleviating grid congestion, 
improving system reliability and facilitating a higher uptake of inter-
mittent renewable electricity generation [3,4]. A study of four European 
countries estimates that between 2 and 18% of electricity in the resi-
dential sector could be shifted through DR, yielding annual emissions 
reductions that range from 10 to 24MtCO2e [5] while also alleviating 
(or preventing) capacity shortages. 

Seizing this potential presents a considerable challenge that requires 
consumers to “actively participate in the energy system”, supposedly 
guided by “new tariff options” that would “incentivize customers to 
change their consumption behavior” [6]. Virtually the sole point of 
contact between a consumer and the electricity market, tariffs present a 
natural medium for delivering the “signals” necessary for demand-side 
participation. When price-based, these signals require that costs vary 
either with the time of use (ToU), the level of demand (in kW), or both. 
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More volatile variants fall into the “dynamic pricing” classification, 
where electricity prices track changes on the spot market and commu-
nicate real-time conditions of supply and demand [7,8]. In pilot studies, 
some forms of time-variant pricing have been shown to have an effect in 
reducing peak electricity demand [9,10]. Pricing schemes more targeted 
towards peak reductions and load management include demand-based 
tariffs, which typically charge electricity users based on their 
maximum monthly demand (or an average of a certain number of in-
stances), usually through a demand charge [11]. Given that peak de-
mand is the main determinant of a distribution network’s costs, 
demand-based tariffs are therefore intended to “better align the price 
that consumers pay with the costs that they are imposing on the system”, 
potentially allowing consumers to make “informed decisions about how 
much power to consume” and when [12]. Comprehensive reviews of a 
large number of studies point to wide disparities in the effects of these 
price-based incentives, which range from 0 to 58%, although the authors 
of these reviews reason that this discrepancy disappears “when DR is 
expressed as a function of the peak to off-peak price ratio”, with 
“stronger” price signals delivering larger reductions in peak electricity 
usage [13,14]. 

Considering that most of these studies are based on pilots where 
participants have opted in and are therefore not representative of the 
“average” electricity user, caution should be practiced in interpreting 
and generalizing these results. Despite instances where a response is 
detected on an aggregate level, one review points to a “surprisingly high 
fraction of households” being entirely unresponsive to price, either due 
to what the authors describe as a lack of competence, a lack of interest or 
a lack of ability to respond [15]. Another study suggests that a majority 
of people “have very little practical knowledge about the functioning of 
electricity markets”, noting that “relatively few people know what a 
kilo-Watt hour is, much less how many kWhs of electricity they use” 
[16]. Beyond these difficulties, more complicated tariffs inevitably 
require a more sophisticated, conceptual grasp of electricity. Even if 
users lack knowledge regarding the quantity of energy they use (in kWh) 
and the relative contribution of different appliances, the principle 
behind traditional energy-based pricing is rather intuitive - one pays 
according to how much energy they use and more usage leads to higher 
costs. Forms like demand-based pricing introduce an additional level of 
complexity. Aside from keeping track of how much energy they are 
using, users must instead (or also) consider the level of power their 
consumption requires, a task which involves thinking about the rate of 
energy consumption. This may become quite taxing for users who, ac-
cording to a study commissioned by the Swedish Energy Market 
Inspectorate, are “generally not interested in their electricity use” [17], 
a finding further complicated by the prospect of people not being 
particularly fond of dynamic pricing plans [18]. 

A lack of knowledge and/or interest on the consumer side should be a 
major concern to policymakers who rely on the idea of “active user 
participation” and promote a vision of DR “largely disconnected from 
the practices” it requires [19]. Potential knowledge gaps should be 
especially concerning given that DR hinges on the ability of consumers 
to “translate” tariffs into actions. In addition to a basic intuition of 
concepts like energy and power, users also need to link their consump-
tion to their behavior, decipher their tariffs and identify the 

“appropriate” curtailment actions (power-reduction actions taken were 
one theoretically interested in reducing their costs). Given previous 
studies that suggest users struggle with “mapping data patterns to their 
everyday actions” [20] and lack awareness regarding both the “range of 
curtailment behaviors” and the effect of “different conservation behav-
iors” [21], it becomes important to question whether users have the 
appropriate tools and/or the motivation needed for DR participation. 

1.2. Aim 

If the aim of a demand-based tariff is to encourage users to shift loads 
and/or reduce peaks, then users must first understand what causes peaks 
and second, how they can be reduced. This study employs a survey to 
explore this understanding, shed light on the capacity of users to link 
cause and effect in electricity consumption and assess whether users 
exposed to demand-based tariffs exhibit higher levels of understanding 
than those exposed to energy-based tariffs. Beginning with an evaluation 
of users’ conceptual understanding of the distinction between energy 
and power, the study then examines users’ ability to interpret different 
tariffs and understand the effects of various curtailment actions. The 
study focuses on the divide between energy-based and demand-based 
tariffs, presenting them in time-differentiated and time-invariant 
forms to also assess whether time-differentiation aids or hinders 
comprehension. Specifically, the study considers demand-based tariffs 
which include a per-kW demand charge that applies to a user’s single 
highest monthly peak (measured on an hourly basis) in comparison to 
energy-based tariffs which only charge users according to their total 
monthly energy consumption (in kWh). 

Considering a finding that is suggestive of electricity users becoming 
“increasingly familiar” and improving their understanding of compli-
cated tariffs over time [22], the above aspects are evaluated across two 
different groups, one of which has been subject to energy-based tariffs, 
and another which has been subject to demand-based tariffs for many 
years. If users consistently read their electricity bills and reflect on their 
usage, then the users subject to demand-based tariffs should be better 
able to understand the energy/power distinction and the effects of 
curtailment actions. 

Accordingly, the study’s aims can be broken down into the following 
parts: 

I: The energy/power distinction:  

• To what extent do users intuitively understand the conceptual 
distinction between energy and power? 

II: Tariff Comprehension:  

• To what extent are users able to understand the effects of curtailment 
actions under different tariffs?  

• How does this ability compare across time-differentiated/time- 
invariant versions of energy/demand-based tariffs?  

• What is the correlation between this ability and an understanding of 
the energy/power distinction? 

III: The exposure effects of demand-based tariffs:  

• Do electricity users subject to demand-based pricing demonstrate a 
better understanding of the energy/power distinction and appro-
priate curtailment actions relative to those subject to energy-based 
pricing? 

2. Data and methods 

2.1. Study design 

To address the questions raised above, a survey was designed and 
distributed to a set of panel respondents from a variety of municipalities 

List of abbreviations 

ANOVA Analysis of Variance 
CI Confidence Interval 
DR Demand Response 
DSO Distribution System Operator 
TD Time-differentiation 
TOU Time-of-use  
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in Sweden. One of the aims was to test whether users who have been 
exposed to demand-based tariffs have different levels of understanding 
compared to users exposed to energy-based tariffs. In order to be able to 
make such a comparison, users exposed to the former of these two tariffs 
should be as similar as possible to users exposed to the latter. It is 
important to note that while respondents may have made an active 
decision to participate in the survey, they had no choice regarding their 
tariff. Distribution tariffs (which are the subject of this study) are 
determined by a user’s place of residence and are mandatorily set by 
their respective distribution system operator (DSO).1 

Two municipalities in Sweden have DSOs which have used demand- 
based tariffs for extended periods of time: Sala (since 2009) and Sol-
lentuna (since 2001) which are referred to as the treated municipalities. 
Sala is a smaller, fairly rural municipality in central Sweden with around 
23,000 inhabitants, whereas Sollentuna is a larger municipality (around 
75,000 inhabitants) and part of the Stockholm metropolitan area. Given 
an interest in investigating whether having a demand-based (rather than 
energy-based) tariff affects people’s understanding of energy and power, 
it was the aim to distribute the survey to individuals in other munici-
palities with energy-based tariffs as similar as possible to those in Sala 
and Sollentuna. To do so, three municipalities similar to Sala (Hede-
mora, Ragunda and Enköping) and four municipalities similar to Sol-
lentuna (Nacka, Partille, Täby and Sundbyberg) were selected. The 
methodology for selecting these municipalities is elaborated on in detail 
in Appendix A. 

The survey was sent out to individuals in these nine municipalities 
through the use of a web panel maintained by the company Norstat. The 
survey was open between the 26th of January and February 14, 2021. 
The full survey is provided as supplemental material. A total of 1393 
people fully responded to the survey, 331 of which lived in Sala and 
Sollentuna. 

Preceding the distribution of the survey, some users in Nacka were 
switched from their energy-based tariffs to new demand-based tariffs 
(January 1st, 2021). Unfortunately, it is not possible to identify which 
users experience this change in our data and Nacka is therefore removed. 
Similarly, only apartments in Partille are included in the final sample, 
because some of the villas also had a demand-based tariff. The six mu-
nicipalities chosen to be similar to Sala and Sollentuna (after Nacka was 
removed) are referred to as the control municipalities and in total there 
were 638 respondents in these control municipalities, giving 969 re-
spondents in total. All respondents in Sala and Sollentuna were subject 
to a time-differentiated demand-based tariff, whereas respondents in the 
other municipalities were subject to energy-based tariffs, which 
included both time-differentiated and time-invariant versions. 

In general, because these six control municipalities were chosen to be 
similar to the two treated municipalities, it should be expected that re-
spondents in the two groups are similar to each other, other than the fact 
that they have been exposed to different tariffs. If that is the case, any 
observed differences in their understanding of energy and power could 
plausibly be considered due to the fact that they have had different 
tariffs. Nevertheless, because only a limited set of variables were used in 
the selection of municipalities, and response rates between the two 
groups may not be identical, there may still be remaining differences 
between the groups. The sample is therefore reweighted such that 
observed background characteristics are exactly balanced (i.e., have the 
same mean) in the treatment and control groups. To do so, the entropy 
balancing technique [23] is used. Appendix A elaborates on why this 
method of reweighting was chosen and shows some descriptive statistics 
of the balance between the treated and control municipalities. 

2.2. Survey design 

The survey consisted of four sections, the first of which gathered 
background variables concerning socio-demographic characteristics 
(gender, age, level of education, etc.). The second section asked re-
spondents how often they read their electricity bills and tried to assess 
their familiarity with their own tariff and DSO. Specifically, a re-
spondent’s municipality (which was provided) allows one to identify the 
set of DSOs operating in that area (typically 2–3 DSOs). Respondents 
were represented by a total of 14 different DSOs. They were first asked to 
identify their DSO (from a list of the total 14) after which they were 
asked to select their tariff type from a list and indicate whether or not it 
is time-differentiated. Their responses were then compared to the tariff 
used by the DSO they selected. If a respondent’s choice correctly 
matches the tariff employed by the selected DSO, their response was 
marked as correct, and they would be considered aware of their tariff 
type. The same procedure was repeated with time-differentiation. A 
table containing the different DSOs and their respective tariffs can be 
found in Appendix B. Given that part of this study is concerned with 
comparing users subject to demand-based tariffs with those subject to 
energy-based tariffs, it is important to confirm whether or not the re-
spondents themselves are aware of this division and their respective 
classification, as it is unlikely that knowledge differences would emerge 
between users who are unaware of their tariffs. 

The third section evaluates respondents’ conceptual understanding 
of energy and power. The questions were designed so that this under-
standing need not be technical or focused on the jargon (the words 
“energy” and “power” themselves) as the aim was not to determine 
whether users understood what a kWh was or how many kWhs different 
appliances used. Rather, the intent was to gauge whether respondents 
could intuitively distinguish the difference between energy and power. 
In the context of the electricity market and in its simplest form, this 
distinction amounts to the basic principle that using the same amount of 
energy in a shorter period of time demands higher power2. Accordingly, 
this section consisted of four “scenario” questions, each of which pose 
two cases which the respondent compares before answering whether 
energy/power is higher or lower in one or the other, or whether they are 
equivalent. The questions were divided such that the first two concern 
an abstract example while the second two concern a more applied case 
comparing appliances with given power ratings and times of use (see 
Fig. 1). As stated, to answer these questions, respondents need no 
technical understanding or any detailed knowledge regarding the con-
sumption of appliances. Answering correctly requires only that one 
understands the time-varying aspect of the principle described above. 
The motivation for adopting this criterion is that it captures the minimal 
level of understanding required for a behavioral response to a demand- 
based tariff. A respondent that does not understand the fact that using 
more appliances at the same time increases their maximum demand 
cannot be expected to respond to a demand-based tariff with any 
precision. 

The fourth and final section evaluates the ability of respondents to 
recognize the effects of curtailment actions, with a specific focus on 
load-shifting. Respondents are all presented with four different tariffs, 
two of which are energy-based and two of which are demand-based. 
Each of these categories are further subdivided into time- 
differentiated and time-invariant versions, resulting in a 2 × 2 within- 
subjects factorial design. 

Prior to the introduction of the tariffs, respondents were presented 
with a hypothetical daily load curve. This was done in order to ensure 
that the answers to the questions that follow reflect a respondent’s 
knowledge and understanding of a hypothetical situation, not their 
personal preference or willingness to engage in a behavior. Each of the 
tariffs was then explained through a brief text with a short set of in-
structions, similar to what would actually be communicated by a DSO. 
All but the time-invariant energy-based tariff (since it is entirely static) 
were accompanied by a diagram that provides a visual representation 

1 The Swedish electricity market is designed such that electricity users 
receive two bills, one from a retailer that covers the purchase and procurement 
of electricity, and a second one from the DSO, which covers the cost of trans-
mission and distribution. The tariffs which are the subject of this study are 
distribution tariffs, and so are set by the DSO. 
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(see Fig. 2). Each tariff was accompanied by a set of four identical 
questions, the answers to which differed under each tariff. For 
simplicity, the respondent was asked to assume the same load curve 

every day, and that the exact same appliances are run at the same exact 
time daily. The first question asked if there is anything that can be done 
(binary choice of yes/no) to reduce the hypothetical electricity bill, 

Fig. 1. Examples of questions used to test a concept understanding of energy/power (translated into English).  

Fig. 2. One of the four tariff explanations provided to respondents (translated).  
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given that same activities must be carried out every day. In other words, 
the question essentially asked if loads could be shifted to reduce the 
electricity bill without a reduction in total energy usage. The next three 
questions presented three different “acts” of load-shifting along with a 
visual representation of the effect (see Fig. 3), and asked respondents to 
decide whether the electricity bill would increase, decrease or stay the 
same (multiple choice questions). While the load-shifting acts were 
identical under all four tariffs, the correct answers were different in each 
case, depending on the tariff. This design allowed for an evaluation of a 
respondent’s overall performance on the questions (and hence measured 
their individual ability), but also a comparison of the aggregated scores 
for each tariff (which could be used as a metric of tariff difficulty). To 
mitigate the effects of priming respondents for certain tariffs over others 
and prevent possible bias through respondents gradually improving 
their comprehension as they’re exposed to more tariffs, the order in 
which respondents received the four tariffs was randomized. 

2.3. Analysis plan 

The fact that respondents were presented with multiple choice 
questions with 2–3 levels posed a problem. Namely, that for each of 
these questions the chance that a respondent would randomly select the 
correct answer by chance was either 1/3 or 1/2. This would make it 
difficult to distinguish those who perfectly understand and answer 
correctly from those who are unsure and coincidentally guess correctly. 
To mitigate this issue, each multiple-choice question was followed by a 
confidence scale that respondents were asked to rate. After answering 
each question, respondents were asked how sure they were of their 
choice, and could make a selection from a 6-point Likert scale that 
ranged from “not at all sure” to “entirely sure”. A respondent’s answer to 
each multiple-choice question would then be combined with their con-
fidence rating to generate a score that ranged from 0 to 100 points. 
Respondents that answer correctly with absolute confidence would 
receive a score of 100, while those who answer incorrectly but also with 
absolute confidence would receive a score of 0. The conversion therefore 
transforms an originally binary outcome variable (correct vs. incorrect) 
on each question into a more informative pseudo-continuous scale with 
11 possible steps that helps to disambiguate correct answers selected by 
accident from correct answers that are confident beliefs. A respondent 
who selects the lowest possible confidence rating on a two-level (three- 
level) question would receive a score of 100/2 (100/3) points regardless 
of whether they were correct or not, reflective of a random guess (1/2 
chance when question has 2 options, 1/3 chance when question has 3 
options). The details of the confidence scales and the conversion to 

points can be found in Appendix E. 
Averaging a respondent’s score on the four conceptual questions 

concerning the energy/power distinction yields an “energy/power 
comprehension score”. Averaging a respondent’s score on the four 
questions associated with each tariff yields an average score for that 
particular tariff, and averaging the four tariff scores yields an overall 
“tariff comprehension score” that reflects a given respondent’s ability to 
process the tariff and identify the effect of curtailment actions. 
Reviewing and comparing these scores allows for a general assessment 
of respondents’ understanding of the energy/power distinction along-
side their abilities to comprehend the tariffs and the respective effects of 
curtailment actions. Aggregating the average score for each tariff gives 
an indication regarding which of the tariffs was the easiest to understand 
(highest average score) and which was the most difficult to understand 
(lowest average score). The correlation between a respondent’s energy/ 
power score and tariff translation score is explored to shed light on the 
strength of the relationship. A two-way repeated-measures ANOVA is 
used to determine whether the respondents i) perform differently in 
their understanding of the demand-based tariffs compared to energy- 
based tariffs ii) perform differently when the tariff is time- 
differentiated iii) if there is in an interaction effect between time- 
differentiation and the energy/demand tariff distinction. 

In addition to the above, weighted t-tests are used to compare the 
performance of respondents subject to demand-based tariffs with those 
subject to energy-based tariffs, in both their energy/power and tariff 
comprehension scores. The analysis is then repeated retaining only re-
spondents from both groups who were aware of their own tariff (i.e were 
able to recognize which group they fall into). 

3. Results 

3.1. The energy/power distinction 

Respondents’ answers on the four conceptual energy/power ques-
tions provide a clear indication that energy is perceived as more intui-
tive than power (Fig. 4). The abstract questions (see Appendix C) had 
three possible answers, where respondents got a score from 0 to 100 
based on their answer together with the confidence scale. Those who 
were completely unsure of the answer got a score of 100/3 (marked with 
a red line, called the “failure threshold”). For the applied questions, 
there were two possible answers, meaning that an unsure respondent got 
a score of 100/2. The figure shows the distribution of scores for the 
respondents, where the average score on each question is indicated with 
a solid black line, with 95% confidence intervals around the average 

Fig. 3. Example of load-shifting diagram (translated to English) showing the dishwasher being load-shifted from 17 to 18 to 18–19 and its effect on the load profile. 
Respondents would then be asked if monthly costs would increase, decrease or remain the same considering this action and given the tariff in question. 
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indicated by dashed black lines. 
Respondents perform reasonably well on the energy questions, with 

67% and 75% able to correctly answer the abstract and applied ques-
tions respectively (with average point scores of 58 and 69). These av-
erages considerably drop on the power questions, with 49% and 64% of 
respondents able to correctly answer the abstract and applied questions 
respectively (with average point scores of 43 and 60). The average mean 
difference between the energy and power questions was 12.5 points 
(95% CI [10.2,14.8], p < .001). 

3.2. Tariff comprehension 

Despite the disparity in a conceptual understanding between energy 
and power, differences in respondents’ scores between energy-based and 
demand-based tariffs are considerably smaller, as seen in Fig. 5. The 
score is the average over four questions, three of which have three op-
tions and one of which has two options (see Section 2.3 and Appendix 
D). Average scores range from a minimum of 50 points to a maximum of 
63 points, which overall corresponds to correct answers with low- 
moderate certainty. The time-differentiated energy-based tariff 
received the highest score, while its time-invariant equivalent received 
the lowest score despite being the “simplest” tariff. In between these two 
boundaries were the average scores for the demand-based tariffs, with 
virtually no difference between the time-differentiated and time- 
invariant versions. 

One may speculate why what was intended to be the simplest tariff 
received the lowest score, but one possibility could be that respondents 
were confused by a tariff under which load-shifting actions consistently 
had no effect, contrary to the other tariffs where load-shifting actions 
mostly either increased or decreased costs. Checking to see whether 

respondents who had the time-invariant energy-based tariff first per-
formed better or worse than the others reveal no substantial difference. 
The order in which a respondent received the tariffs did not seem to 
affect their performance on the time-invariant energy-based tariff. The 
above results are formalized by running a two-way repeated measures 
ANOVA, confirming that there is no statistically significant difference 
between respondents’ score on the energy-based and demand-based 
tariffs (See Table 1). The effect of time-differentiation (represented by 
“TD”) is statistically significant, but so is the interaction effect between 
time-differentiation and whether the tariff is energy or demand-based. 
From Fig. 5, it can be seen that the interaction effect comes from the 
fact that there is virtually no difference in respondents’ scores for the 
demand-based tariffs depending on whether the tariff is time- 
differentiated or not, but that the respondents score better on the 
time-differentiated tariff, as compared to the time-invariant tariff, when 
the tariff is energy-based. 

The descriptions given with each tariff provided respondents with a 
sufficient amount of guidance needed to answer the questions, dimin-
ishing the importance of understanding the energy/power distinction as 
a prerequisite. Nevertheless, it is interesting to explore whether those 
who do demonstrate a better understanding of this distinction achieve 
higher tariff comprehension scores. The correlation between re-
spondents’ energy/power comprehension score and their tariff 
comprehension score is presented in Fig. 6, which shows a clear positive 
relationship (R = 0.52, p < .001). 

3.3. Exposure effects of demand-based tariffs 

No strong evidence is found that the respondents’ performance on 
the energy/power comprehension questions (left side of Fig. 7), nor their 

Fig. 4. Bar chart of respondent scores for each of the four conceptual questions, with the failure threshold marked in red and the average score represented with a 
solid black line. Dashed black lines represent 95% CI around the mean. Entropy balancing weights are used. 
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performance on the tariff comprehension questions (right side of Fig. 7), 
differ between the two groups. Respondents subject to demand-based 
tariffs (treatment group) had an average score of 57.8 on energy/ 
power comprehension, while those subject to energy-based tariffs 
(control group) had a score of 57.1, a negligible difference of 0.7 with a 
95% CI [− 1.97,3,.9] and p = .603. For tariff comprehension, the cor-
responding numbers were 57.2 and 56.0 with a difference of 1.2 (95% 
CI: [− 1.36, 3,77], p = .357). There is no clear evidence that exposure to 
demand-based tariffs lead to a discernible improvement in under-
standing the distinction of energy and power nor the appropriate 
curtailment actions for these tariffs. An analysis of whether there is a 
difference in comprehension between the two groups for low and high 
education groups respectively was also carried out. Overall, there was 
no or weak evidence of such heterogeneous effects. The interested 
reader is referred to Appendix F, for results from this analysis. 

To examine the findings of no discernible difference between the two 
groups, Fig. 8 shows the proportion of respondents in the two groups 
who were aware of the type of tariff that they had. Respondents could 
choose between a fixed-price tariff, energy-based tariff, demand-based 
tariff and a “don’t know” option. It is noteworthy that in both groups, 
a plurality of respondents stated that they had an energy-based tariff, 

despite this only being true for the control group. Only slightly less than 
20% of respondents in the treatment group correctly stated that they had 
a demand-based tariff. In light of this result, it is perhaps not surprising 
that respondents in the treatment group are not more knowledgeable of 
the energy/power distinction compared to respondents in the control 
group as they do not even know that they have a demand-based tariff. 

Aside from the question displayed in Fig. 8, respondents were also 
asked to identify whether their tariff was time-differentiated or not. The 
share of respondents correctly answering both these questions correctly 
were only 13.3% in the control group and 13.7% in the treatment group. 

The same analysis as in Fig. 7 is performed again in Fig. 9, but 
restricted only to the individuals who correctly identified their tariff (i. 
e., who answered both questions correctly). In this restricted sample, the 
average score is higher as expected, and is 72/61 for energy/power 
comprehension and 64/59 for tariff comprehension for the treatment 
and control group, respectively. The differences between the groups are 
now 11.3 (95% CI: [3.3, 19.3], p = .006) for energy/power compre-
hension and 4.7 (95% CI: [− 1.7, 11.2], p = .151) for tariff 
comprehension. 

The results indicate that individuals who have a demand-based tariff, 
and who also know their tariff, are more knowledgeable about the en-
ergy/power distinction compared to individuals who have an energy 
tariff (and know their tariff). This result should be interpreted with 
caution as the sample is selected, and that the selection is made under 
the assumption that respondents correctly identify their DSO (see Sec-
tion 2.2). Furthermore, it is based on a small sample with only 88 re-
spondents in the control group and 45 respondents in the treatment 
group. 

Fig. 5. Histogram of average respondent scores for each of the four tariffs, with the failure threshold marked in red and the average score represented with a solid 
black line. “TD” indicates time-differentiation. Dashed black lines represent 95% CI around the mean. Entropy balancing weights are used. 

Table 1 
Results from two-way repeated measure ANOVA comparing the relative effects 
of demand/energy-based tariffs and time-differentiation/time-invariance.  

Effect DF F p 

Energy/Demand 878 0.036 0.849 
Time-Differentiation 878 57.689 <.001 
ED x TD 878 104.922 <.001  
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Fig. 6. Scatterplot showing score on energy/power questions (x-axis) and tariff comprehension questions (y-axis). A weighted least squares fitted line is shown in 
blue, with 95% confidence interval shown as shaded area. Small jitter is added. 

Fig. 7. Distribution of performance on energy/power comprehension and tariff comprehension questions for respondents living in areas subjects to energy-based 
pricing (control group) and demand-based pricing (treatment group). Entropy balancing weights are used. 
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4. Discussion 

4.1. The energy/power distinction 

The results of the first section indicate that energy is conceptually 
more intuitive than power. Respondents were mostly able to distinguish 
between scenarios with higher, lower or identical energy usage but 
encountered more difficulty in extending this intuition to power. It is 
crucial to emphasize the importance of these types of questions in 

evaluating users’ readiness for demand-based tariffs. Respondents faced 
conceptual difficulties with a notion that is implicitly required to 
respond to a demand-based tariff. If users are given a new tariff 
explaining that they will now be charged according to their maximum 
monthly demand, the price signal then becomes “reduce maximum 
monthly demand to reduce costs”, which in turn requires a basic 
conception of power. To reiterate the principle being assessed by the 
energy/power questions, responding to a demand charge requires a user 
understand that higher demand (in kW) is not necessarily associated 

Fig. 8. Respondents guess of their own tariff in control group (energy is correct) and treatment group (demand is correct). Entropy balancing weights are used.  

Fig. 9. Distribution of performance on energy/power comprehension and tariff comprehension questions for respondents living in areas subjects to energy-based 
pricing (control group) and demand-based pricing (treatment group). Sample is restricted only to the 133 respondents who correctly could identify their tariff. 
Entropy balancing weights are used. 
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with more energy use, but specifically with more energy use during the 
same period of time, with time being the crucial element. The signal is 
therefore not intended to induce a general reduction in energy usage, 
but to encourage load-shifting or peak shaving (which is an energy 
reduction but only under very specific circumstances). This important 
difference is likely to be missed by respondents who fail to understand 
power. It is entirely possible, and perhaps likely, that users exposed to a 
demand-based tariff may inadvertently reduce their maximum monthly 
demand through a crude reduction in their overall energy usage. This 
outcome may be sufficient to satisfy DSOs and policy makers but should 
be recognized as problematic for two reasons. Firstly, if the motivation 
behind demand-based tariffs is in fact to provide “signals” and serve as a 
guide for behavioral change, then users’ failure to understand power 
would mean that these tariffs offer no signal improvement over regular 
energy-based tariffs. If users respond to demand-based tariffs the same 
way they respond to energy-based tariffs, through a reduction in average 
energy usage, then there is no justification to adopt demand-based tariffs 
as instruments of behavioral change (though of course there may still be 
other reasons for adoption, like cost recovery). Secondly, if demand- 
based tariffs are being embraced to resolve issues such as peak de-
mand, capacity shortages and load management, then an indiscriminate 
reduction in energy use is an imprecise response that will yield subop-
timal results, even in the ideal but unlikely scenario where all users are 
responsive. Empirical outcomes may considerably improve if users were 
to conceptually understand power and how to target peaks instead of 
reducing their overall energy usage. 

4.2. Tariff comprehension 

Respondents exhibited reasonable levels of tariff comprehension, 
with a moderate score on the curtailment action questions, despite their 
(relatively) poor conceptual understanding of power. An aspect of crit-
ical importance is the set of verbal and visual explanations that 
accompanied the tariff descriptions, without which an understanding of 
power would likely have played a much more substantial role. These 
descriptions were intended to mirror the ones given by DSOs on their 
website, so as not to give respondents additional aid that a regular 
electricity consumer would not receive. There is considerable variation 
in tariff presentations and explanations however, ranging from the 
elaborate and descriptive variant adopted in the survey, to much more 
rudimentary short texts with no instruction, tips or visual aid. The 
variants adopted in the survey were selected so as to represent a best- 
case scenario where respondents would receive the most pedagogic 
versions of information currently in use, focusing the study on gaps in 
comprehension and understanding, rather than the efficacy of commu-
nication strategies adopted by DSOs. These elaborate descriptions and 
visual aids may have compensated for an inadequate understanding of 
power. A second factor to consider is the regularity and consistency at 
which this information is provided to electricity users. If it is exclusively 
accessible through a DSO’s website, only the exceptionally inquisitive 
respondents may be receiving the signal. Accordingly, the tariff 
comprehension scores are a reflection of what users are able to under-
stand provided appropriate guidance, not an indication of what they 
actually retain from their own tariffs. 

Respondents’ average scores largely correspond to correct answers 
with moderate degrees of confidence. The reason behind the simplest 
tariff (time-invariant energy-based) having the lowest score is likely 
related to some confusion caused by the tariff having the same correct 
answer for all the questions, no matter which load is shifted (no effect on 
costs since the total energy consumption remains the same). The first 
question asked if there is something that could be done to reduce costs, 
to which almost half of the respondents incorrectly answered “yes” to 
this particular tariff, perhaps also reflecting a misunderstanding 
regarding the fixed and repeating daily load curve. But even with this 
minor anomaly, the ability of respondents to identify the effects of 
various curtailment actions does not substantially differ under the 

various tariffs - the gap between scores on the energy-based tariffs and 
the demand-based tariffs considerably smaller than the gap between the 
conceptual energy/power questions. The visual aids and informative 
descriptions offered were likely sufficient offsets to a weak conceptual 
understanding of power, and show that when tariffs are adequately 
presented respondents are equally capable at comprehending their 
various forms. 

4.3. Exposure effects of demand-based tariffs 

Comparing the full sample of respondents, there was no difference in 
performance between those subject to energy-based tariffs and those 
subject to demand-based tariffs. Further inspection revealed that the 
absence of an overall difference may stem from the fact that a vast 
majority of respondents either failed to correctly identify the type of 
tariff, whether it was time-differentiated, or both. For the minority that 
did answer these questions correctly, there does seem to be a consid-
erable difference between the two groups. Those subject to demand- 
based tariffs outperform their energy counterparts in a conceptual un-
derstanding of energy/power with suggestive evidence that they also 
perform better on the tariff comprehension questions. It may then be the 
case that exposure to demand-based tariffs does actually lead to im-
provements in a conceptual understanding and tariff comprehension, 
though only among a minority of users who recognize their tariff. 

The more fundamental issue then becomes the low awareness levels 
of the majority. Whether this stems from the apathy of electricity con-
sumers, the ineptitude of DSOs in communication, or some combination 
of both, tariffs that are unrecognized by their subjects cannot be ex-
pected to have any effect on knowledge or behavior. Given that re-
spondents were represented by 14 different DSOs and that there were no 
substantial differences in these groups, the problem may stem from 
consumer apathy and a lack of interest. It may also be the case that DSOs 
are ineffective in communicating their own tariffs. To further explore 
this, we contacted one of the two DSOs which have adopted demand- 
based tariffs (in Sala) and asked them to provide us with a list of the 
attempts they made to communicate their tariffs to their users. Ac-
cording to the DSO, they provided an information letter before the 
rollout (2009) and a second one the following year asking for their 
customers’ views and whether they had any questions (2010). Over the 
next decade, they regularly distributed reports on the demand-based 
tariff in what they described as a “customer magazine” (during the 
years 2010, 2013, 2015, 2018 and 2019). People that newly moved into 
the area and became new customers were provided with a brochure 
where the demand-based tariff was described. In addition to these re-
ports, the DSO also hosted various “open house” events where customers 
were invited to attend, learn about the tariff and ask questions (no in-
formation was given about the number of attendees). 

Refraining from making a judgement on the efficacy of the 
communication efforts outlined above, two points should be taken into 
consideration. First, these efforts do represent a basic attempt at sus-
taining the signal over time and therefore suggest that the problem of 
low awareness levels is unlikely to entirely stem from a DSO’s failure to 
communicate, or from respondents moving into an area past the rollout 
date. Second, while no information concerning the rollouts carried out 
by the other DSO (in Sollentuna) was provided, it is clear that subjects of 
the DSO that did provide information did not exhibit levels of tariff 
awareness that were exceptionally higher or lower than the other 
groups. Accordingly, there is little reason to suppose that there were 
extreme differences in how the different DSOs chose to communicate 
their tariffs. While communication remains crucial to awareness, the 
findings above suggest that user apathy is also playing a substantial role 
in the low level of awareness that were measured. 

5. Conclusion 

If the purpose of a demand-based tariff is to encourage a reduction of 
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peaks, then a substantial amount of effort needs to be made in moti-
vating users to thoroughly read their bills and the provided information, 
and to ensure that they are able to understand their respective tariffs 
with their associated consequences. It is important not to mistake the 
moderate performance of respondents in the tariff comprehension 
questions as an indication of their comprehension regarding their own 
tariffs, or how prepared they are to respond to demand-based tariffs. 
Only a minority of respondents were conscious of their own tariff and its 
features. Furthermore, the tariff comprehension questions prime re-
spondents by introducing them to the concept of load-shifting, which 
may be entirely new to them. The questions are helpful in illuminating 
the extent to which respondents can recognize and understand the ef-
fects of curtailment actions, but these curtailment actions may never 
have crossed their minds otherwise. Unless explicitly suggested during a 
rollout or in an electricity bill, it may never occur to a user reading the 
features of a demand-based tariff that they could reduce costs by load- 
shifting their appliances. The results only demonstrate that, given hy-
pothetical scenarios, respondents are able to recognize the effects of 
curtailment actions on monthly costs when presented with compre-
hensive information and visual aids. Provided these conditions, users 
may meet the knowledge requirements for demand response, despite 
their poor conceptual understanding of power. 

Beyond knowledge, there are also the questions of motivation and 
willingness to load-shift, which are not touched upon in this study. Both 
are irrelevant however, if users are not even aware of the “offer” put 
forth by the DSO (requesting flexibility in exchange for cost savings) as 
well as the curtailment actions this offer implies. This awareness is a 
crucial prerequisite for demand response, and so should be a priority for 
DSOs and policymakers. The lack of research on some of the points 
raised above is likely the other side of the coin of an abundance of 
research looking at pilots, where by virtue of opting in, participants have 
already made themselves aware and circumvented what may be the 
largest barrier to behavioral change. The minority of respondents aware 
of their tariffs in this survey are likely mirrored in the minority of re-
spondents who opt-in or participate in pilot studies. If this awareness 
issue is left unchecked, promising results in pilot studies may lead to 
disappointing outcomes when rolled out at larger scales. 

If users are made aware of their tariffs and confronted with the need 
to think about curtailment actions, the survey results show that when 

properly informed and guided users are able to identify the effects of 
curtailment actions and should therefore be able to deduce how they 
could reduce costs under a demand-based tariff, without needing to lean 
on a comprehensive conceptual understanding of power. This re-
sponsibility to properly inform and guide then falls on DSOs, which need 
to focus their efforts on crafting strong engagement strategies and 
reducing the cognitive load required for users to determine how to 
respond to tariffs. The initial rollout of a tariff is a good opportunity to 
instruct, inform and raise awareness, yet this is also unlikely to be suf-
ficient in itself. The literature has shown, and this study has reaffirmed, 
that electricity users may demonstrate a concerning degree of apathy. 
Overcoming this requires going further than raising awareness and 
providing guidance, and may require more general information cam-
paigns that raise awareness not only about the mechanics of tariffs, but 
the general problems at the source – alleviating capacity shortages, 
reducing peak demand and the importance of these tasks to the energy 
transition. 
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Appendix A. Details on study design 

In this section, a more detailed overview of the study design is given. The starting point of the design was that there were two municipalities which 
were known to have demand-based tariffs: Sala and Sollentuna (treated municipalities). In the first step of the design, we wanted to select munici-
palities who did not have demand-based tariffs that were as similar as possible to serve as control municipalities. Second, a sample of individuals were 
selected from both the treated and control municipalities. Third, the resulting sample was then reweighted to ensure that respondents in the treated 
municipalities were as similar as possible to respondents in control municipalities. Fig. 10 shows an overview of this process and the text below gives 
some technical details of this process for the interested reader. 

F. El Gohary et al.                                                                                                                                                                                                                              



Renewable and Sustainable Energy Reviews 155 (2022) 111956

12

Fig. 10. Flowchart of study design  

To perform step 1 of selecting a small subset of municipalities to serve as controls, a set of ten municipality variables for population size, per capita 
income, tax rate, age, three education levels, share born in Sweden and share voting for left-wing and right-wing parties was used, with the idea that 
the control municipalities should be as similar to Sala or Sollentuna as possible in these variables. Let xj be a 10 × 1 vector with values for these ten 
variables for municipality j and let X be a 290 × 10 matrix of these variables for all municipalities. The Mahalanobis distance for Sala is defined as 

Msala,j =
(
xsala − xj

)T ( XT X
)− 1( xsala − xj

)
,

with the Mahalanobis distance for Sollentuna being defined in the same way. The Mahalanobis distance is similar to the Euclidean distance, but has the 
advantage of being unit invariant and taking the correlation structure of the data into account. Table 2 shows the variables and the Mahalanobis 
distance for the ten municipalities with the smallest Mahalanobis distance to Sala (i.e., the municipalities most similar to Sala, with Table 3 showing 
the corresponding table for Sollentuna).  
Table 2 
Mahalanobis distance to Sala.  

Municip. Pop. Inc. Tax SL SR ES HS HE BS Age M 

Sala 22,894 185,647 22.31 0.36 0.40 0.22 0.51 0.25 0.86 43.8 0 
Hedemora 15,491 185,212 22.17 0.37 0.37 0.25 0.50 0.23 0.85 44.7 1.53 
Ragunda 5284 172,746 23.22 0.40 0.36 0.25 0.55 0.18 0.88 46.8 1.67 
Enköping 45,287 202,151 21.34 0.33 0.41 0.21 0.49 0.28 0.85 41.6 1.70 
Mora 20,470 194,197 22.34 0.32 0.44 0.22 0.49 0.27 0.92 45.4 1.99 
Uddevalla 56,703 194,257 22.16 0.38 0.34 0.21 0.46 0.32 0.83 41.8 2.25 
Lindesberg 23,588 185,706 22.3 0.40 0.38 0.25 0.50 0.23 0.84 43.8 2.30 
Tranås 19,003 182,029 22.01 0.39 0.41 0.25 0.49 0.24 0.84 43.2 2.40 
Arboga 14,087 184,729 22.41 0.41 0.41 0.23 0.50 0.25 0.85 44.6 2.51 
Ljungby 28,521 191,829 21.07 0.33 0.47 0.22 0.50 0.25 0.81 43.7 2.54 
Gagnef 10,304 187,483 22.54 0.29 0.51 0.21 0.52 0.26 0.92 43.7 2.63 

Note: Pop.: population size, Inc.: Avg. taxable income in 2018, Tax: Municipal tax rate in 2019, SL: Share who voted for left-wing parties (v + s + mp) in 2018, SR: Share 
who voted for right-wing parties (c + l + kd + m) in 2018, ES: Share with elementary school education, HS: Share with high school education, HE: Share with tertiary 
education, BS: Share of population born in Sweden, Age: Average age of population, M: Mahalanobis distance to Sala.  
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Table 3 
Mahalanobis distance to Sollentuna.  

Municip. Pop. Inc. Tax SL SR ES HS HE BS Age M 

Sollentuna 73,857 266,638 18.12 0.33 0.56 0.15 0.33 0.49 0.74 39.1 0.00 
Nacka 105,189 273,582 18.43 0.30 0.54 0.13 0.34 0.50 0.80 39.1 3.30 
Partille 39,289 231,773 19.96 0.39 0.47 0.17 0.39 0.42 0.81 39.6 5.73 
Täby 71,874 291,350 17.55 0.18 0.74 0.12 0.33 0.53 0.82 40.9 5.98 
Sundbyberg 52,414 234,174 18.9 0.44 0.46 0.14 0.36 0.46 0.69 37.5 6.67 
Järfälla 79,990 217,854 19.15 0.43 0.44 0.18 0.40 0.39 0.69 39.1 7.48 
Mölndal 69,364 232,445 20.26 0.39 0.48 0.15 0.37 0.45 0.82 39.1 7.87 
Solna 82,429 258,565 17.12 0.43 0.49 0.11 0.29 0.56 0.69 39.2 8.77 
Salem 16,750 226,005 19.67 0.29 0.52 0.18 0.43 0.36 0.79 39.2 8.82 
Tyresö 48,333 234,741 19.95 0.41 0.47 0.17 0.44 0.36 0.83 39.8 9.00 
Strängnäs 36,544 213,741 21.67 0.35 0.49 0.21 0.45 0.32 0.85 42.6 10.66 

Note: Pop.: population size, Inc.: Avg. taxable income in 2018, Tax: Municipal tax rate in 2019, SL: Share who voted for left-wing parties (v + s + mp) in 2018, SR: Share 
who voted for right-wing parties (c + l + kd + m) in 2018, ES: Share with elementary school education, HS: Share with high school education, HE: Share with tertiary 
education, BS: Share of population born in Sweden, Age: Average age of population, M: Mahalanobis distance to Sollentuna. 

Based on these results, the three municipalities of Hedemora, Ragunda and Enköping were chosen to be similar to Sala, whereas the four mu-
nicipalities of Nacka, Partille, Täby and Sundbyberg were chosen to be similar to Sollentuna. The survey was therefore distributed to inhabitants in 
Sala and Sollentuna, as well as to people living in these seven control municipalities. In total, 1393 individuals completed the survey, 331 of which 
lived in Sala (62) or Sollentuna (269). 

Preceding the distribution of the survey, some users in Nacka were switched from their energy-based tariffs to new demand-based tariffs (January 
1st, 2021). Unfortunately, it is not possible to identify which users experience this change in our data and Nacka is therefore removed. Similarly, only 
apartments in Partille are included in the final sample, because some of the villas also had a demand-based tariff. The number of individuals in control 
municipalities was therefore reduced to 638, out of which 210 were controls to Sala and 428 controls to Sollentuna. 

In general, because the control municipalities were chosen to be similar to the two treated municipalities, it should be expected that respondents in 
the two groups are similar to each other, other than the fact that they have been exposed to different tariffs. Nevertheless, there are a couple of reasons 
for why there may still be differences between the two groups: i) Because the observations in Nacka, and some in Partille were lost, the share treated in 
Sollentuna out of all treated (269/331) differs from the share of controls to Sollentuna out of all controls (428/638), ii) Response rates could differ 
systematically between municipalities, iii) Even with no systematic differences in response rates, there is no guarantee that a random sample is similar 
to the target population for small sample sizes. 

Because respondents were also asked a number of background questions in the survey, it is possible to investigate the extent to which respondents 
differ between the groups. Table 4 shows the share of respondents belonging to different demographic and socioeconomic groups in the treated and 
control municipalities, as well as the difference between them. The table shows that, in general, the difference between the groups is relatively small, 
but there are some differences. Perhaps most noteworthy is that there are almost five percentage points more individuals with tertiary education, 
while there are seven percentage points fewer individuals living in houses, in the control group compared to the treatment group.  

Table 4 
Background characteristics or respondents in treated and control municipalities   

No weights Weighted 

Treated Control Difference Treated Control Difference 

Female 0.492 0.517 − 0.025 0.491 0.491 − 0.000 
(0.028) (0.020) (0.034) (0.028) (0.021) (0.035) 

Male 0.495 0.478 0.017 0.497 0.504 − 0.007 
(0.028) (0.020) (0.034) (0.028) (0.021) (0.035) 

Age 18–29 0.148 0.144 0.004 0.144 0.144 − 0.000 
(0.020) (0.014) (0.024) (0.019) (0.015) (0.025) 

Age 30–39 0.130 0.160 − 0.030 0.126 0.126 − 0.000 
(0.019) (0.015) (0.024) (0.018) (0.013) (0.022) 

Age 40–49 0.178 0.132 0.047 0.178 0.178 0.000 
(0.021) (0.013) (0.024) (0.021) (0.018) (0.028) 

Age 50–59 0.208 0.193 0.016 0.209 0.208 0.000 
(0.022) (0.016) (0.027) (0.023) (0.018) (0.029) 

Age 60–69 0.130 0.155 − 0.025 0.135 0.135 − 0.000 
(0.019) (0.014) (0.024) (0.019) (0.014) (0.024) 

Age 70+ 0.205 0.213 − 0.008 0.208 0.205 0.003 
(0.022) (0.016) (0.028) (0.023) (0.017) (0.028) 

Elementary school 0.051 0.055 − 0.003 0.057 0.060 − 0.003 
(0.012) (0.009) (0.015) (0.014) (0.010) (0.017) 

High school 0.311 0.263 0.048 0.322 0.321 0.000 
(0.025) (0.017) (0.030) (0.026) (0.021) (0.034) 

Tertiary educ 0.634 0.680 − 0.046 0.617 0.618 − 0.000 
(0.027) (0.018) (0.032) (0.027) (0.021) (0.035) 

Living in house 0.523 0.448 0.074* 0.523 0.523 0.000 
(0.027) (0.020) (0.034) (0.028) (0.021) (0.035) 

Own apartment 0.296 0.353 − 0.057 0.283 0.283 − 0.000 
(0.025) (0.019) (0.032) (0.025) (0.018) (0.030) 

Renting apartment 0.172 0.180 − 0.008 0.184 0.177 0.007 
(0.021) (0.015) (0.026) (0.022) (0.016) (0.027) 

hhld size = 1 0.175 0.215 − 0.040 0.179 0.179 − 0.000 

(continued on next page) 

F. El Gohary et al.                                                                                                                                                                                                                              



Renewable and Sustainable Energy Reviews 155 (2022) 111956

14

Table 4 (continued )  

No weights Weighted 

Treated Control Difference Treated Control Difference 

(0.021) (0.016) (0.027) (0.022) (0.015) (0.026) 
hhld size = 2 0.405 0.481 − 0.076* 0.413 0.413 − 0.000 

(0.027) (0.020) (0.034) (0.028) (0.021) (0.034) 
hhld size = 3 0.169 0.130 0.039 0.169 0.169 0.000 

(0.021) (0.013) (0.024) (0.021) (0.018) (0.027) 
hhld size = 4+ 0.251 0.174 0.077* 0.239 0.239 0.000 

(0.024) (0.015) (0.027) (0.023) (0.020) (0.031) 
Working 0.583 0.552 0.031 0.581 0.580 0.000 

(0.027) (0.020) (0.034) (0.028) (0.021) (0.035) 
Retired 0.278 0.277 0.001 0.281 0.281 0.000 

(0.025) (0.018) (0.030) (0.025) (0.019) (0.032) 
Not working 0.048 0.055 − 0.007 0.050 0.050 − 0.000 

(0.012) (0.009) (0.015) (0.012) (0.009) (0.015) 
Student 0.060 0.061 − 0.001 0.061 0.061 0.000 

(0.013) (0.009) (0.016) (0.013) (0.010) (0.017) 

N 331 638 969 331 638 969 

Note: The first two columns show the share of surveyed individuals belonging to each group in the treatment (Sala and Sollentuna) and control (Hedemora, Ragunda 
Enköping, Partille, Täby and Sundbyberg) groups, with standard errors in parentheses. The third column shows the mean difference between the groups with asso-
ciated standard errors in parentheses. The last three columns show the same results, but where the entropy balancing weights have been used. * denote statistically 
significant difference at the 5% level. 

To account for these remaining differences, there are a number of different methods that are possible. The simplest is perhaps to controls for 
variables using linear regression. However, this method has the disadvantage of relying on a specified functional form. Another alternative that is 
common to use is different matching techniques such as propensity score matching. In that case only a subset of control observations may be used. The 
disadvantage is that there is no guarantee that there is balance between treated and control group even after matching. 

Instead, the sample of respondents is re-weighted using the entropy balancing technique [23]. This technique ensures exact balance by reweighting 
the sample such that the mean difference in characteristics between the two groups are zero, while deviating as little as possible from some specified 
base weight. In this case, base weights that are proportional to the relative share of all adults in Sala and Sollentuna are used (with base weights for the 
control municipalities for the three municipalities matched to Sala having the same share relative to the three municipalities matched to Sollentuna). 
The weights are constructed such that sum of the weights are the same in the treated and control municipalities. 

It is useful to check that there are no outliers in the distribution of the resulting weights for at least two reasons: i) Outliers indicate that it is difficult 
to balance the two groups which would indicate that respondents differ substantially between treatment and control, ii) With large outliers in the 
weights, the methods will be more sensitive and resulting in larger variances of the estimators used. As shown in Fig.11, however, there are no outliers 
which indicate that the two groups are fairly similar to each other. The two spikes belong to respondents in Sala (the smaller spike) and Sollentuna (the 
larger spike), who all have the same weights.

Fig. 11. Distribution of entropy balancing weights. Spikes at 0.93 are for Sollentuna and 1.32 for Sala.  

The final three columns of Table 4 show the reweighted means of the background variables of the treated and control municipalities as well as the 
difference between them. The table shows that the differences have been completely eliminated, making the treatment and control municipalities 
identical with respect to the background variables. The difference for male, age 70+, elementary school and renting apartment are not exactly zero as 
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they were used as reference categories together with missing values in the entropy balancing. However, these remaining differences are very small. 
Appendix B. DSO list  

Table 5 
List of DSOs with corresponding tariff types and time-differentiation  

DSO Tariff Time-Differentiation 

Boo Energi Energy-based No 
Dala Energi Energy-based No 
E.ON Stockholm Energy-based No 
E.ON Energy-based No 
Ellevio Energy-based Yes 
Göteborg Energi Energy-based No 
Hedemora Energy-based No 
Härjeåns Energy-based No 
Mälarenergi Energy-based No 
Nacka Energi Energy-based Yes 
Partille Energi Energy-based No 
SalaHeby Demand-based Yes 
SEOM Demand-based Yes 
Vattenfall Energy-based Yes  

Appendix C. Raw data on energy/power questions 

This section contains the four questions used to evaluate a respondent’s understanding of the energy power distinction as well as the raw results. 
The correct answers are marked in green. 

Abstract Energy Question:

Fig. 12Abstract energy question. Respondents were told that each lightbulb was rated at 1W, which means that 3 Wh are consumed in both these scenarios.  

Abstract Power Question: 
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Fig. 13. Abstract power question. Despite using the same amount of energy (3 Wh), scenario A requires 3W of power whereas scenario B only requires 1W.  

Applied Energy Question:

Fig. 14. Applied energy question. The fridge/freezer unit uses 2400 Wh whereas the oven uses 2000 Wh  

Abstract Power Question:

Fig. 15. Applied power question. The fridge/freezer only requires 100W whereas the oven requires 1000W.  

Raw Results (unweighted): 
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Fig. 16. Respondents results on energy/power questions  

Appendix D. Raw data on tariff questions 

Four knowledge questions were repeatedly asked under four different tariffs, leading to a total of 16 tariff questions. The full set of tariff questions 
are provided as supplemental material but the responses are shown below. The results below are unweighted. 

Q1: Is there something that can be done to minimize costs?
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Fig. 17. Respondents’ answers on the first question. Correct answer marked in green.  

Q2: How are costs affected when the dishwasher is shifted to 18–19 instead of 19–20?

Fig. 18. Respondents’ answers on the second question. Correct answer marked in green.  

Q3: How are costs affected when the washing machine is shifted to 19–20 instead of 18–19? 
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Fig. 19. Respondents’ answers on the third question. Correct answer marked in green.  

Q4: How are costs affected when the oven is shifted to 18–19 instead of 17–18? 
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Fig. 20. Respondents’ answers on the fourth question. Correct answer marked in green.  

Appendix E. Point Conversion 

This section outlines how the confidence scales are incorporated with a respondent’s answer to generate a score on a point scale. For questions with 
2 possible answers the following equations were used to convert the response and confidence level (C) to a score. 

Correct Answer → Score = 40 + 10C  

Incorrect Answer → Score = 60 − 10C   
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Fig. 21. Converting 2-level responses to a score that ranges from 0 to 100  

For questions with 3 possible answers the following equations were used to convert the response and confidence level (C) to a score. 

Correct Answer → Score = 20 +
40
3

C  

Incorrect Answer → Score = 40 −
20
3

C  

Fig. 22. Converting 3-level responses to a score that ranges from 0 to 100  

Appendix F. Heterogeneous effects depending on education 

In general, it would be expected that highly educated individuals would score higher on knowledge questions compared to less educated in-
dividuals, but one may also be interested in whether the effect of living in an area subject to a demand-based (relative to an energy-based) tariff 
depends on education level. For instance, it could be the case that only highly educated individuals observe their tariff and therefore are the ones 
affected by it. 

To investigate whether such heterogeneous effects are present, the same analysis as in Fig. 7 is carried out, but separately for highly educated 
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respondents (at least some university education) relative to less educated respondents (no university education). As expected, high-educated re-
spondents generally score better than low-educated respondents: for energy/power comprehension the estimated increase in the score for high- 
educated relative to low-educated individuals is 5.0 (95% CI: [1.8, 8.2], p = .002) for the control group and 4.6 (95% CI: [− 0.1, 9.3], p = .054) 
for the treatment group, whereas for tariff comprehension the estimated increase in the score is 12.3 (95% CI: [9.2, 15.4], p < .001) for the control 
group and 7.4 (95% CI: [3.2, 11.6], p = .001) for the treatment group. 

The treatment group generally scores about the same as the control group: In the high-education group, the difference for the treatment group 
relative to the control group for energy/power comprehension is 0.4 (95% CI: [− 3.4, 4.1], p = .851) and for tariff comprehension − 1.8 (95% CI: 
[− 5.4, 1.9], p = .347), whereas for the low-education group, the difference is 0.8 (95% CI: [− 3.1, 4.6], p = .696) for energy/power comprehension 
and 3.1 (95% CI: [− 0.2, 6.4], p = .062) for tariff comprehension. That is, at most there is suggestive evidence that the low-educated individuals in the 
treatment group score better than the low-educated individuals in the control group. However, it is not statistically significant on the 5% level and it is 
one of four different tests, so this difference should be interpreted cautiously. 

Finally, for the interaction between education and treatment group (i.e., where the education and treatment indicators are included by themselves 
as well as interacted in a regression model), the interaction estimate is − 0.4 (95% CI: [− 5.8,4.9], p = .883) for energy/power and − 4.9 (95% CI: 
[− 9.9,0.1], p = .053) for tariff comprehension. I.e., there are some weak evidence that low-educated individuals perform better on tariff compre-
hension if they are treated (relative to being in the control group) relative to high-educated individuals. However, there is no such evidence for 
energy/power comprehension.

Fig. 23. Distribution of performance on energy/power comprehension and tariff comprehension questions for respondents living in areas subjects to energy-based 
pricing (control group) and demand-based pricing (treatment group). The sample is restricted only to high-educated repondents. Entropy balancing weights are used.  
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Fig. 24. Distribution of performance on energy/power comprehension and tariff comprehension questions for respondents living in areas subjects to energy-based 
pricing (control group) and demand-based pricing (treatment group). The sample is restricted only to low-educated repondents. Entropy balancing weights are used. 

Appendix G. Supplementary data 

Supplementary data to this article can be found online at https://doi.org/10.1016/j.rser.2021.111956. 
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