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1. Abstract
Confirming the transferability of the results e.g. regarding acceptance in the Sim4Blocks
pilot sites could save the effort of studying each European country individually. The
comparison has been conducted in two ways: In a first approach, it was investigated whether
the acceptance of Demand Response Systems is comparable between countries. Here, results
from pilot sites in Germany and Spain were contrasted to a representative sample in France.
Unfortunately, this comparison of the pilot sites in Germany and Spain with a representative
sample of the French population shows that a transfer is not feasible. The differences
between countries are too large with regard to technology acceptance of Demand Response
Systems and the underlying reasons. In addition, the current status of the acceptance of
Demand Response Systems in France is shown, and measures to increase it are proposed.
The intention to use Demand Response Systems in France appears to be slightly positive.
Measures that could help increase it are User Experience Studies, namely the Kano-Analysis
and feedback systems. Furthermore, it turns out that it helps to address different target
groups of the population according to their experience with Demand Response Systems can
be advantageous. In a second approach, two countries (UK and Belgium) were compared
regarding the technical prerequisite in the respective markets. In addition to the differences
of the persons living in different countries, it seems that the general technical conditions
are also not comparable between countries. Thus, market entry and promotion of Demand
Response Systems should follow a country-specific strategy.

2. Introduction
2.1 Benefit for the overall project
In order to evaluate the potential impact of the Sim4Blocks project, one method is to
extrapolate the results obtained from the experiments at the Sim4Blocks pilot sites. This
could save a great deal of effort for this line of research in the EU. Country-specific surveys
would not be necessary, if transferability to other countries was confirmed. In addition, with
an insight into the current situation and significant factors for the acceptance of Demand
Response Systems in France, it would be possible to develop concepts to increase these and
to address target groups effectively in this market.
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2.2 Examination of the transferability of the results from the pilot sites
As stated in the overall summary of the Sim4Blocks Grant Agreement, "the pilot sites are
blocks of highly energy-efficient buildings with a wide range of renewable energy and
combined heat and power supply systems and with the necessary information and
communication infrastructure to enable direct testing of DR strategies." (European Union
2017)

As a result,
a) the pilot sites are not part of broad, all-encompassing smart grid demonstrators;
b) Sim4Blocks pilot sites are equipped with more energy management systems (Demand
Response + energy efficiency) than it is normally the case in other parts of Europe;
c) the pilot population may be more positive about the acceptance of Demand Response
Systems.
These three characteristics are very helpful for the experimental implementation during the
project, but it is unclear how these properties of the pilot sites influence the replicability
of the solutions for the total market. As the pilot sites are untypical for the total population,
it is expected that the results may not be fully transferable to other districts, cities and
countries.
According to Stern (2014), individual disciplines do not provide the necessary depth of
knowledge to understand the interaction between individuals and households with energy
systems. Consistent with that, it was planned within Sim4Blocks to test the transferability
of the pilot sites to representative populations from a psychological and technical point of
view. The consortium partner Wattgo would have offered this possibility with their own panel
Powermetrix. Here, the energy consumption and about 200 consumption-related behaviour
variables of 1,500 households are recorded (Insight Publishers 2018). However, since Wattgo
stopped working in the consortium in March 2018, it was not possible to fall back on the
Powermetrix panel for testing a Technology Acceptance Model. Thus, it was decided to
determine the transferability from a psychological point of view regarding acceptance in
comparison between the pilot sites and a representative sample in France. Technical
variables, such as the equipment of the households with heat pumps, cannot be recorded in
online surveys, because respondents often do not know which technology the house is
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equipped with. Therefore, their transferability is examined separately in cooperation with
the consortium partners Restore from Belgium and EDF Energy from Great Britain.

3. Determination of factors of psychological acceptance
from preliminary studies
3.1 Methodology of the preliminary study 1 in the pilot sites
A total of two preliminary studies was conducted to examine which factors influence the
acceptance of Demand Response Systems. One of the two preliminary studies was carried
out by the consortium partner AIT in the pilot sites in Germany, Spain and Switzerland.
The AIT survey is described in more detail in section 4.2.1 of document D1.1 S4B. As
explained in Section 4.2.1 of S4B-D1.1, "a quantitative online study and qualitative
interviews were conducted in the pilot sites in 2016. The main objective of the survey was
to complete the knowledge of user requirements with a special focus on attitudes and
behavioural potentials in demand management systems (such a focus seems to be fully in
line with the objectives of D7.1). The main objective of the online study was to determine
residents' attitudes to the acceptance of various demand growth measures considered for
implementation in the three pilot sites' use cases. Particular emphasis has been placed on
aspects that have not been addressed in previous studies on similar topics".
"The online study [.... ] consisted of 29 questions and including socio-demographic questions
(on age, gender, educational level, employment status and household income, number of
persons in the household and square metres of housing) as well as questions on various
aspects of technology acceptance. "With the exception of the questions on technology
openness, which came from a standardized questionnaire by Agarwal and Prasad (1998;
Personal Innovativeness in IT), all questions were developed specifically for this study. The
questionnaire was then translated into German and Spanish and distributed by e-mail to
current and future tenants at the pilot sites. "The invitations to participate in the study were
sent out by the site partners in Wüstenrot and St. Cugat in September. Due to data protection
issues in Switzerland, invitations to participate were delayed. A total of 102 participants
completed the online questionnaire (as of 24 November 2016). Of these, 53 lived in Germany,
46 in Spain and 3 in Switzerland. Data from Switzerland were not included in the analysis,
which is further reported here [.... ]."
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The questionnaire from the AIT studies is presented in the appendix in chapter 7.1.

3.2 Results of the preliminary study 1 in the pilot sites
Applying a factor analysis to the results of a survey is a standard approach. In this context,
the main objective is to define uncorrelated (also known as orthogonal) major components
that represent abstract or virtual questions which best describe the questionnaire. From
this, important factors for the acceptance of Demand Response Systems in the pilot sites
were extracted.
From the factor analysis in the pilot sites, the following resulted with regard to the explained
variance per main component for the factors one to six 25%, 17%, 12%, 9%, 6% and 5%. This
indicates a good explanatory power for the first 3-4 factors.
These were interpreted as follows:
1. General motivation for / against Demand Response Systems
2. Trust / mistrust of Demand Response Operators and Systems
3. Specific motivation / restraint due to the degree of automation of the Demand
Response System
4. Specific motivation through endangerment / maintenance of comfort when using
the system

3.3 Methodology of the preliminary study 2 with the Powermetrix panel
As already explained above it can be assumed that the pilot sites differ from representative
populations. Therefore, a second factor analysis was carried out on the Powermetrix survey
of the consortium partner Wattgo. The survey had a larger scope, but included fewer
questions directly related to the subject of Demand Response. Twelve questions regarding
Demand Response Systems of 750 participants were evaluated from the survey conducted in
France using a factor analysis.
The questionnaire from the Powermetrix panel is shown in the appendix in chapter 7.2.
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3.4 Results of preliminary study 2 with the Powermetrix panel
The amount of variance explained by the first six factors was 33%, 14%, 9%, 9%, 9%, 8% and
6% respectively. The same factors emerged as before, with the exception of Trust / Distrust
of Demand Response Operators and Systems, since there were no questions on this topic in
the survey. Table one summarises the factors found in the two preliminary studies.
Factor description
General information
motivation
Confidence in system
and operator
Motivation through degree of
automation
Motivation through comfort
maintenance

AIT (study 1)

Powermetrix (study 2)

Factor 1

Factor 1

Factor 2

Not found

Factor 3

Factor 2

Factor 4

Factor 3

Table 1: Factors for the acceptance of Demand Response Systems from the preliminary
studies.

4. Factors of Technology Acceptance among the French
Population
4.1 Factors from the Model of Huijts
A model that brings together all the factors from the preliminary studies and adds additional
ones was introduced by Huijts et al. (2012). It is depicted in figure 1. Originally, the model
was tested on the acceptance of environmentally friendly technologies such as wind turbines
or hydrogen cars and could therefore be adapted to the topic of Demand Response Systems
with little effort. Factor one (General Motivation towards using Demand Response Systems)
can be found in the variable Attitude. This has its origin in the Theory of Planned Behavior
by Ajzen (1985) and is influenced by expectations regarding the effects that the use of a
technology

would

entail

and

the

resulting

attitudes

towards

it.

The trust in the Demand Response System and its operator (factor two) is reflected one-toone in the model. It contributes decisively to the formation of attitudes (Huijts et al. 2012).
Trust has an effect on the following variables: advantages, costs and risks as well as positive
and negative emotions, which in turn have a direct effect on the attitude towards the use
of the technology (Siegrist et al. 2007; Midden und Huijts 2009; Dorgelo 2015). It should be
8
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noted that especially for people who have little experience with a given technology, trust in
the operator is used as the basis for overall trust (Midden und Huijts 2009; Siegrist et al.
2007). This could play a particularly important role with a novel technology such as a Demand
Response System. Here the trust in the energy supplier will have an impact on the trust
regarding the Demand Response System. A factor found in the preliminary studies under the
term degree of automation of the Demand Response System (factor 3) is called procedural
justice in the model. It affects trust in technology and trust, conversely, affects procedural
justice. Procedural justice is particularly influenced by the extent to which users have a say
in the process (Terwel et al. 2010). In the context of Demand Response Systems, this is
reflected in topics such as whether the system asks the user for permission before changing
settings.
Factor four, the motivation through comfort maintenance is integrated in the model of
Huijts et al. (2012) as perceived benefits, costs and risks. This includes, for example, how
much effort will be required to use the new technology, and how much effort will be required
to learn how to use it.
All these variables are related to the usage intention in Huijts' model via the attitude towards
the new technology. In the Huijts model, motivation through comfort maintenance can also
be classified in the perceived behaviour control. It includes users' assessment of whether
they could use the technology with the available resources (Huijts et al. 2012). The
perceived control of behaviour directly influences the intention of use.
Another variable from Ajzen's Theory of Planned Behavior, which was not found in the
preliminary studies but could nevertheless provide insights into the acceptance of Demand
Response Systems, is the social norm. This is assumed to have a direct influence on the
intention of use. It is formed by the actual behaviour of the social environment and how the
person thinks the social environment (i.e. relevant people in their social environment)
evaluates their own behaviour.
The personal norm is also assumed to have a direct connection with the intention of use in
the model of Huijts et al. (2012). Originally derived from the Norm-Aktivations-Modell by
Schwartz (1968), it is suggested here that the personal norm implies a sense of moral
obligation to a particular prosocial behaviour. This norm is activated when the individual is
aware of the consequences of not realising the prosocial behaviour and also thinks that he
or she can counter these consequences personally and effectively.
The intention of use is in turn assumed to be related to the acceptance of the new
technology. Acceptance refers to the actual usage of a Demand Response System.
9
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Two variables related to all other aspects of the model are experience and knowledge about
the technology. As there are already several Demand Response Systems on the market in
France, such as Tempo-Programm or Plüm-Energie, the two variables were also included in
the survey.

4.2 Methodology of the HFT population representative survey in France
Based on the model Huijts et al. (2012) a fifteen-minute online survey was designed by the
consortium partner Hochschule für Technik Stuttgart and distributed via a panel provider to
a representative sample of 2,020 test subjects in France. Quota drawing took place in terms
of gender, age, household income, education and region. The variables for quota drawing
have been classified as follows: Low levels of education were found in subjects who had
obtained the degrees "BEPC", "BEP", "CAP" or no qualification at all. A secondary education
was assigned to the degrees "BAC" and "BAC+2/DUT/BTS". BAC+3" and "BAC+5" were counted
as high educational attainment levels. Île-de-France was classified as Greater Paris. The
North-West region included Haute Normandie, Centre, Basse Normandie, Pays de la Loire,
Bretagne and Poitou-Charentes. Nord-Pas de Calais, Lorraine, Alsace, Franche Comte,
Champagne Ardennes, Picardie and Bourgogne were grouped under north-east, Aquitaine,
Midi-Pyrénées, Limousin under south-west. The southeast region was formed by RhôneAlpes, Auvergne, Languedoc-Roussillon, Provence-Alpes-Cote D'azur and Corse. The targeted
quota are shown in table 2 in section 4.3.1.
The four factors were taken from the preliminary studies and additional aspects from the
Huijts model were integrated. Uncertainty items were adjusted from Sleesman und Conlon
(2017). The Computing Control Scale, on the other hand, was integrated from Charlton
(2005). From the questionnaire of Huijts et al. (2014) a total of six items on positive and
negative emotions were used. Trust was measured with adjusted items from the scale of
Oldham und Cummings (1996), Procedural justice with items from Masterson et al. (2000).
Questions on the social norm were partly integrated from Biel und Thøgersen (2007) and
Huijts et al. (2014). The variable knowledge about Demand Response Systems was based on
the items from Huijts et al. (2013). In the appendix in chapter 7.3 the questionnaire used
in the survey is presented. The panel provider cleaned up the data set with regard to
respondents answering too fast or in an overly consistent pattern. On the basis of the data
from the population representative sample, descriptive statistics were compiled to gain an
insight into the current state of acceptance of Demand Response Systems among the
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French population. The technology acceptance model described above by Huijts et al.
(2012) was then validated with a Partial-Least-Square Structural Equation Model. Structural
Equation Models allow the testing of relationships between latent constructs and Partial
Least Square Models are a kind of structural equation model that work on a regressionbased method (Joe F. Hair Jr Marko Sarstedt Lucas Hopkins Volker G. Kuppelwieser
2014).
This gives an insight on which aspects have to be focused on in the context of the French
population in order to increase acceptance for Demand Response Systems. In addition to
these analyses, a target group oriented approach was applied. As fairly large groups of
people with experience were found in the sample and differences in these from respondents
without experience were expected, three target groups were deduced:
People who...


have previously used a Demand Response System but no longer use it today: Former
users



currently use a Demand Response System: Current users



have never used a Demand Response System before: Non users

Figure

1

shows

the

technology

acceptance

model

used

here

as

a

whole.

Figure 1: Schematic representation of the technology acceptance model according to Huijts
et al. (2012)
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4.3 Results of the HFT population representative survey in France
4.3.1 Random sample
All statistical tests were performed on a significance level of α=.05. A population
representative sample in France was used as the basis for the following analyses by means
of quota drawing with regard to gender, age, household income, education and region.
Table 2 shows the distribution of the variables mentioned.
Gender

Age in years

49 % m

21.7 % 18-29 y.

51 % f

Income per month

Education

Region

30 % < 1500

57 % low

19 % Greater Paris

20.7 % 30-39 y.

45 % 1500 - < 3000

32 % medium

23 % North-West

-

21.1 % 40-49 y.

18 % 3000 - < 4500

12 % high

24 % North-East

-

20.8 % 50-59 y.

6 % > 4500

-

10 % south-west

-

15.7 % 60-69 y.

-

-

24 % south-east

in €

Table 2: Distribution in the quoted demographic variables
The age of participants ranged from 18 to 69 years (M=43.4, SD=13.9). 49% were male, 51%
were female. The largest part of the sample with 45 % indicated a monthly income in the
range of 1500 to under 3000 €. In addition, more than half of the participants were rated
the level of educational attainment as low.

4.3.2 Current state of acceptance of Demand Response Systems in France
In response to the question as to how high the participants estimate the probability of using
a Demand Response themselves in the future, a rather high value of M=5.9 (on a scale from
1=very low probability to 10=very high probability) was found.
Figure 2 shows the results of the intention.
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Figure 2: Results of the intention DR systems to use.
The scenario in which most subjects could imagine adapting their energy consumption to
energy demand was to wash clothes or dishes with M=3.9 (on a scale from 1=very unlikely to
5=very likely). Showering or bathing at times when energy is cheap was assessed with a
moderate probability M=3.0. All other scenarios were classified as rather unlikely.
The results regarding the intention to use Demand Response Systems in certain scenarios are
shown in figure 3.

Figure 3: Intention to use Demand Response Systems (DR) based on scenarios
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With regard to the predictors of the intention to use Demand Response Systems, the average
value of M=3.2 is slightly positive in the general attitude.
Figure 4 shows the results of the general attitude towards Demand Response Systems.

Figure 4: Attitude on Demand Response Systems
In the variable social norm, the values were consistently rather low across the different
groups of reference persons in the environment of the test subjects. When asked whether
people in their environment would want them to use Demand Response Systems, participants
responded with an average score of M=2.2. The reference group family showed a value of
M=2.2 and friends M=2.1. This tendency is reflected in the assessment of whether
respondents already know people in their environment who continue to use Demand
Response Systems with a value of M=1.7. For family and friends average values of M=1.7
were also found.
Figure 5 summarizes the results of the social norm in the context of Demand Response
Systems.
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Figure 5: Social norm versus Demand Response Systems
The perceived behavioral control (PBC) of the test subjects consistently shows mixed results
values across the devices. The device on which most respondents could imagine to use a
Demand Response System was the personal computer (PC) with a value of M=3.3. In addition,
there was a rather high value of M=3.2 for use on a smartphone and a moderate value of
M=3.0 on a tablet. Rather low values resulted with regard to the use of a Demand Response
System on a control unit, as known from the operation of air conditioning systems with M=2.9
and on a Smart TV with M=2.7.
Figure 6 summarizes the values for the Perceived Action Control on different devices.

Figure 6: Perceived action control on different devices
15
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The variable Personal Standard resulted in rather high values of M=3.4 for the interest in
environmental protection and M=3.4 for energy saving. A rather low value of M=2.6 resulted
specifically for Demand Response Systems.
Figure 7 summarizes the values for the personal norm.

Figure 7: Personal Norm for Demand Response Systems
With regard to the perceived effectiveness of the results, the values were consistently rather
high. Respondents estimated the impact on the environment at an average high value of
M=3.6. The values for the impact on energy savings and the spread of the use of sustainable
energies showed also rather high values of M=3.6 and M=3.5.
Figure 8 summarizes the results of the perceived outcome effectiveness.

Figure 8: Perceived impact of DR on the environment, energy savings and the spread of
sustainable energy use
16
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The respondents gave the following assessments on the predictors of the attitude towards a
technology: perceived effects, emotions, trust in a technology and its operators and fairness
of the process for calculating energy costs.
With regard to emotions, the average values were consistently rather low. The two highest
values were M=2.8 for enthusiasm and M=2.8 for well-being. Values of M=2.7 resulted for
surprise, M=2.6 for joy, M=2.3 for fear and M=1.9 for anger.
Figure 9 shows a summary of the emotions triggered by the thought of using a Demand
Response System.

Figure 9: Triggered emotions when thinking about the use of Demand Response Systems
The confidence in the technology behind the Demand Response System and its operator
resulted in consistently slightly positive values. Only the result on whether the technology
and the operator would prove useful is moderate.
Figure 10 summarises the results for the two aspects.
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Figure 10: Trust in the technology behind the Demand Response System and its operator.
With regard to the expected fairness of the process in the calculation of energy costs in a
Demand Response System, rather high average values resulted. The subjects' assessment of
whether the process would be appropriate showed a value of M=4.8. Values of M=4.7 resulted
from the expectation that the process would be fair and just.

Figure 11 summarises the results of the expected fairness.

Figure 11: Assessment whether the process behind the Demand Response System would be
fair, appropriate and just
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Knowledge about Demand Response Systems still seems to be relatively low in France. Low
average values for the advantages M=2.3, disadvantages M=2.2 and the technology behind
the systems M=2.2 were consistently given.
Figure 12 summarizes the results for knowledge about Demand Response Systems.

Figure 12: Knowledge about Demand Response Systems
The aspects for the design of Demand Response Systems were rated on average across all
individual aspects as important. The most important aspect was that even if the operator of
the system can change settings, the users remain in control of the system with M=4.3. Also
to be informed about changes of settings by the operator and to be asked for permission to
do so were highlighted with M=4.2 and M=4.1 as particularly important.
The lowest value resulted from the statement to accept a loss of comfort with M=3.2 for the
willingness of the test persons.
Figure 13 shows the results on user requirements for Demand Response Systems.
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Figure 13: User requirements for Demand Response Systems.

4.3.3 Importance of factors for DR acceptance in France
As described above, all variables of the Huijts model were tested by using a Partial-LeastSquare Structural Equation Model. The outcome variables used in the model were acceptance
and intention to use.
Overall, the model predicted 25.2 % of the variance in acceptance and 51.9 % in intention
to use. This shows a good fit of the model. Different to the model of Huijts et al. (2012), the
influence of emotions as well as perceived benefits, costs and risks directly affects the
intention to use. An influence of the attitude on the intention to use the software was not
significant (ß=.015; p=.353).
Weak regression coefficients were found across all variables to directly predict the intention
to use them. The variables with the highest significance were positive emotions (ß=.234
;p=.000), perceived behavioural control (ß=.214 ;p=.000), perceived benefits, costs and risks
(ß=.198 ;p=.000), personal norm (ß=.167 ;p=.000) and negative emotions (ß=-.140 ;p=.000).
The social norm also proved to be an influencing factor on the intention to use Demand
Response Systems with a smaller but nevertheless significant regression coefficient (ß=.058
;p=.004).
Of all the factors in the model that influence the intention to use, the best predictors were
found for trust. There are strong values for positive emotions (ß=.587 ;p=.000) and perceived
20
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benefits, costs and risks (ß=.561 ;p=.000). For negative emotions there a weak value was
found (ß=-.219 ;p=.000). Procedural fairness again proved to be a strong predictor for trust
(ß=.637 ;p=.000). Knowledge (ß=.217 ;p=.000) and the experience of current users (ß=.039
;p=.002) were weak predictors. The regression coefficient of the experience of former users
(ß=.022 ;p=.084) was not significant. However, this shows a weak, significant regression
coefficient with knowledge (ß=.171 ;p=.000) as well as the experience of current users
(ß=.151 ;p=.000). Another strong regression coefficient was found for outcome efficacy as a
predictor for the personal norm (ß=.547 ;p=.000).
This means in order to increase the intention to use Demand Response Systems it should be
focused invoking positive emotions and avoiding negative emotions in people when they are
using the system. Also benefits of the usage ought to be promoted and ways to avoid or
reduce costs and risks illustrated. To gain the trust of users the process of calculating costs
should continuously be improved by using their opinions on how fair, appropriate and just it
is. Also knowledge about Demand Response Systems ought to be spread in order to strengthen
peoples trust in it. In addition, outcome efficacy should be made clear by showing the impact
of using the Demand Response System on the environment.
Figure 14 shows the summarized technology acceptance model for the acceptance of
Demand Response Systems in France.
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Figure 14: Importance of technology acceptance factors. Remark: The values on the paths between the latent variables (green circles) describe the
regression coefficients in the model. On the paths from the latent to the manifest variables (gray boxes), the values indicate factor loadings. Values shown
inside the latent variables (green circles) stand for the variance explained for these by their predictors in the model.
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4.3.4 The sample divided by target groups
Overall, 9% of the sample already had experience with Demand Response Systems (current
users). Of these, 4% had used a Demand Response System in the past, but no longer use it
today (former users). 5% currently use a Demand Response System and 91% have never used
one. 8 people indicated to currently use EJP, 5 people Tempo and again 5 people Aucun. 17
former users stated to have used Tempo, 5 of them Aucun and 3 Bien. Figure 15 summarizes
the results and shows a word cloud with the most used systems.

Figure 15: Frequencies in the experience groups and DR systems used
With regard to demographic variables, users differ in that there are significantly more
women among former users and significantly more men among non-users. In addition, there
are significantly more former and current users in the age group between 18 and 29 years.
Among the age groups between 40 and 49 years, as well as 50 and 59 years, there are
significantly more people who have never used a Demand Response System before.
Furthermore, there are significantly more people with a low level of education among the
non-users. The demographic variables of the three groups are presented in tables 3 and 4.
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Gender
FN

Education

Age in years

AN

NN

FN

AN

NN

FN

AN

NN

33 %

41 %

53 %

42 %

35%

20%

41 %

42 %

58 %

male

male

male

18-29

18-29

18-29

low

low

low

67 %

59 %

47 %

female

female

female

-

-

-

-

-

-

-

-

-

24 %
30-39

29%

20%

37 %

38 %

31 %

30-39

30-39

medium

medium

medium

12 %

12%

22%

22 %

21 %

11 %

40-49

40-49

40-49

high

high

high

-

-

-

-

-

-

14 %

11%

22%

50-59

50-59

50-59

9%

14%

16%

60-69

60-69.

60-69

Table 3: Gender, age and education by target group

budgetary

region

income in €
FN

AN

NN

FN

AN

NN

33 %

26 %

30 %

26 %

20 %

18 %

<1500

<1500

<1500

Greater Paris

Greater Paris

Greater Paris

42 %

52 %

45 %

15 %

25 %

23 %

1500 - <3000

1500 - <3000

1500 - <3000

North West

North West

North West

20 %

21 %

18 %

17 %

18 %

25 %

3000 - <4500

3000 - <4500

3000 - <4500

North East

North East

North East

5%

2%

7%

10 %

10 %

10 %

>4500

>4500

>4500

South West

South West

South West

-

-

-

32 %

28 %

24 %

South East

South East

South East

Table 4: Household income and region by target group

Looking at the usage frequency of past and current users, it turns out that the majority of
both groups used the Demand Response System at least several times, often even once or
several times a day. Only among former users there is a second large group that used the
system less than once a month. Figure 16 summarises the results of the frequency of use.
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Figure 16: Frequency of use according to target groups
The evaluation of the previous experience with Demand Response Systems shows a slightly
positive result for both groups. Former users, however, report a singularly worse experience
in usage than current users. Figure 17 shows the results for evaluating the experience with
Demand Response Systems.

Figure 17: Previous experience of target groups with DR systems
Former users give a significantly higher estimate of being able to operate a Demand Response
System on a smartphone, smart TV or control unit than current users. In addition, current
users give a significantly higher assessment than non-users of the Demand Response System
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of being able to use it on a Smart TV or a control unit. Significantly lower is the assessment
of current users compared to former and non-users to be able to use a DR system on a
smartphone or PC. The results of the perceived behaviour control of the user groups are
shown in Figure 18.

Figure 18: Results on perceived behavioral control
Knowledge about Demand Response Systems is more available among former users than in
the other two user groups according to their self-assessment. Current users also report more
knowledge than non-users.
A summary of the results to the knowledge about DR systems is given in figure 19.

Figure 19: Knowledge about DR systems by target groups
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Regarding the intention to use DR systems in the future, a current user states a significantly
higher assessment than the other user groups. Figure 20 summarises the results of this.

Figure 20: Intended use according to target groups
Both groups, former and current users, state a significantly higher probability to shift the
preparation of food and home entertainment to times when energy is cheaper than nonusers. Showering and bathing are more likely to be shifted in the group of current users than
in the group of non-users. The preparation of food and the shift of working hours shows
significantly higher values than in both other groups. Figure 21 shows the results for the
probability

of

moving

certain

scenarios

by

target

groups.

Figure 21: Use scenarios subdivided according to target groups
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The washing of clothes and dishes among current and former users has really been shifted
most often. In total former users shifted activities slightly less frequently. Figure 22 shows
which of the usage scenarios were implemented under current and past ones.

Figure 22: Implementation of usage scenarios according to target groups
With regard to the social norm, former users and current users indicate significantly higher
values on all variables than non-users. Figure 23 summarises the results of the social norm
in the different target groups.

Figure 23: Results for the social norm by target groups.
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Also, with regard to the personal norm, significantly higher values are noticeable among
current and former users. Figure 24 shows the collected results on the personal norm
according to target groups.

Figure 24: Results on the personal norm according to target groups.
4.3.5 Discussion of the results on technology acceptance in France
Regarding the strongest predictors of the intention to use Demand Response Systems,
positive emotions, there seems to be potential because of the low mean values in the total
population. Although trust in the technology and its operator, as well as the expectation of
procedural fairness, is already rather high, measures should be pursued to further improve
them. Trust in Demand Response Systems could possibly be increased if more knowledge
about them were disseminated. Quality management for current customers and the
retention of former users could also have positive effects on trust. Furthermore, according
to Lin et al. (2007), it is no longer enough to offer efficient and effective products today.
They must also generate emotional satisfaction with the customer. A model that could help
to find out which features these are in Demand Response Systems is the Kano analysis
according to Kano et al. (1984). This tool can be used, for example, to determine elevation
factors that positively surprise users and thus reinforce positive emotions. Care should be
taken to ensure that users never have the feeling of losing control of the Demand Response
System and that they are asked when changes are made and that they are fully informed.
Even though automation may have the potential to reduce the cost of a system for the
customer and positively surprise with sophisticated functions, it is still important to find the
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right degree of automation. This ensures that the feeling of control, depicted as perceived
behavior control in the model of Huijts et al. (2012), is preserved in the users.
The comfort maintenance factor already emerged in the preliminary studies. This could be
strongly influenced by the simplicity of using a software for a PC or an app for the
smartphone. Usability studies could help here, because already with 15 respondents the
biggest problems of a software or app can be uncovered (Nielsen und Landauer 1993). The
expectation of the respondents to be able to operate a Demand Response System on the two
devices addressed tends to be rather high, but not far from medium. Here it is important to
show at an early stage with marketing measures how easy it can be to operate the system
on such a device. An example for such a marketing measure could be a promotion of the
system in hardware stores that gives people the chance to try it out. According to Kujala et
al. (2017) expectations are related to product ratings and referrals of the product if they
are met. In the event of non-fulfilment, expectations are related to the extent of the
deviation.
Another way to increase the acceptance of Demand Response Systems in France could be to
strengthen the personal norm by demonstrating the effectiveness of the results. Here, the
respondents already have rather positive assessments. Nevertheless, these assessments
could be strengthened by demonstrating the effects of one's own actions with feedback
systems, as proposed in work package 6.1.
With regard to the target group-based approach, there is potential in all three groups.
Former users seem to have had a worse user experience than current users. It is to find out
the main reason why they stopped using the system and find a solution for that in further
studies. Already noticeable in this survey is that the group seems to estimate themselves
very highly in their ability to operate DR systems on different media. Addressing former users
with an expert mode could be a way to win back the target group.
In addition, it is noticeable that the three groups show a different affinity to the media in
which Demand Response Systems are offered. To do justice to this, affinity could also
increase acceptance in the individual groups.
With regard to knowledge about Demand Response systems, particular attention should be
paid to non-users. Of the three groups, they indicate by far the least knowledge. Thus the
personal norm group could also be increased by improving that.
In addition, the low mean values for the social norm show that low social pressure is
perceived in this group. As the influence of the social norm on the intention to use Demand
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Response systems is low though, not much potential can be deduced from this. It is expected
that this is due to the low visibility of the behaviour regarding the acceptance of Demand
Response systems. This specific behaviour happens at the homes of people, so the number
of people seeing the behaviour is probably lower than in other contexts.
The activities that users could imagine shifting should also be targeted. For non-users, care
should be taken to persuade them first to engage in activities that probably mean relatively
little sacrifice of comfort, e.g. washing clothes or dishes.

5. Checking the transferability of the results from the pilot
sites regarding psychological variables
5.1 Methodology for testing transferability
Based on the variables collected in the preliminary studies from Germany with n=67 and
Spain with n=46, simplified models of technology acceptance were developed and replicated
with the sample from France. From this, a comparison of the factors for technology
acceptance should provide information as to whether these are similarly pronounced in the
pilot sites as in population representative samples of European countries. If this was the
case, the results of the pilot sites could be transferred to larger populations / other
countries.

5.2 Importance of factors for DR acceptance in pilot site Germany
The PLS model in Germany predicted 24.3 % of the variance in the acceptance of Demand
Response Systems. The most important factor proved to be the personal norm (ß=.435). Less
important in this context seemed to be the social norm (ß=.164) and trust (ß=.100).
Figure 25 summarises the results from Germany.
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Figure 25: PLS-Modell in Geman Pilot Site

5.3 Significance of factors for DR acceptance in the pilot site Spain
In the pilot site Spain, the model predicted 20.9% of the variance in the acceptance of
Demand Response Systems. The most important factor here too was the personal norm
(ß=.395). Trust (ß=.140) and the social norm (ß=.138) were also less important factors in this
context.

5.4 Importance of factors for DR acceptance in France
In France, the PLS model predicted 32.5% of the variance in the acceptance of Demand
Response Systems. In this context, the social norm (ß=.302) were most important. Trust
(ß=.216) and the personal norm (ß=.199) were less important. The PLS model for France is
depicted in Figure 26.
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Figure 26: Short version of the PLS model in France.

5.5 Discussion of transferability results
The results show that the personal norm seems to play a greater role in the pilot sites than
in the population representative sample from France. The moral sense of commitment to
environmental protection has a higher influence on whether Demand Response systems are
used or not. In the population representative sample, however, the motivation seems to
come more from the perception of the social environment. It may therefore be more
important how many people in a user's environment are already using Demand Response
systems and whether the user thinks they are worth using them as well. This could be due
to the fact that people in the pilot sites are more aware of the reason why they use Demand
Response Systems. They have been asked whether they wanted to participate before the
project started and thus reflected on pros and cons of using Demand Response System. In
the general population on the other hand, the scenario of using Demand Response System
only has been described in the online survey, which makes it harder to evaluate the own
motivation. This result distorts the variables for the acceptance of Demand Response
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Systems in the pilot sites. Based on these findings, it is recommended to conduct countryspecific, population-representative surveys with regard to psychological acceptance of
Demand Response Systems.

6. Checking the transferability of the results from the pilot
sites regarding technical variables
6.1 Domestic Heat market in the UK
Over the last 15 years, overall final domestic energy consumption has been falling (17%
between 2002 and 2017), while the population and number of households have been
increasing respectively by 11% and by 13%. These savings can be explained by the
development of new buildings and products‘ standards, the application of energy efficient
measures, the deployment of more efficient products (like boilers), and by a greater
consumer awareness of energy savings‘ opportunities.

Figure 27: Annual Domestic Fuel Consumption
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Within both the domestic and non-domestic sectors, heating is one of the largest source of
energy consumption in the UK, and therefore, a large source of CO2. Most of the energy
consumed for heating comes from space heating.

Figure 28: Fuel Consumption for Heat in 2017 (Twh)
Nowadays, in the UK, gas boiler and condensed gas boiler still largely dominates the domestic
heat market. Actually, gas represents a huge share of the UK Domestic market (between 85%
in 2016). Gas has become the predominant source of heating, with the vast majority of
customers connected to the GB gas grid. The availability of large reserves of North Sea
natural gas has resulted in the UK having a relatively high dependency on natural gas for
heating. In 2013, gas covered 90% of the UK Domestic heat market, but overall demand for
heat and for gas in homes is falling as a result of increasing energy efficiency and the
deployment of smart heat control (smart thermostats).
The number of households in the UK is projected to rise from 28 million to 31 million between
today and 2037. However, new homes are supposed to be more and more energy efficient
than older buildings. Moreover, energy efficiency measures across buildings are deployed via
the Clean Growth Strategy to decrease the amount of energy needed for heating per home.
Furthermore, despite the dominance of natural gas, many buildings use other forms of heat:
~15% of households (3.5 million) in England are not connected to the gas grid and make use
of a range of different energy sources. Around half of these use electricity as their main
source of heating. They typically rely on electric storage heaters, although heat pumps are
more and more installed. 1.1 million households use heating oil; the remainder rely on a
combination of liquid petroleum gas (LPG), solid fuels (including biomass) and heat
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networks, which supply heating or cooling from a central source to multiple buildings or
sites.

Figure 29: Heating Appliances in Homes (%)

UK housing stock & Distribution of the heating technologies ( in 2013)

Electric heating installed base: ~ 4.2 million
90% installed base (~3.7 million) are storage heaters
10% are other electric heating, predominately electric ‘combi‘
boilers used in combinaison with leectri panel radiotors.
Oil/LPG boiler installed base: ~ 1.1 million
~ 75% installed base are oil boilers (~ 825,000)
~ 25% LPG boilers
Both use wet distribution systems and require a slightly larger idoor
unit, and storage space outside. Typically, a hot water tank is also
required.
Gas boiler installed base ~ 21.6 million
~ 50% gas combi boilers (can generate direct hot water without a
water tank)
~ 50% condensing gas boilers (require space for a hot water tank)
Both use wet distribution system.

Figure 30: Current installed base
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In 2012, around 1.7 million heating appliances were sold. Gas boilers
dominated the market, while microgeneration lightly penetrated the
social housing and new-build markets.
- For owners-occupiers, the annual sales amounted to ~900,000
replacements. Between 700,000 & 800,000 were gas boilers. Then, it
was mainly off gas sales (electric and oil). Very low penetration of
microgeneration.
- For social housing properties, the annual sales amounted to
~400,000 replacements. Between 300,000 & 350,000 were gas boilers.
Then, it was mainly off gas sales (electric and oil). Low penetration
of microgeneration.
- For private rental, the annual sales amounted to ~300,000
replacements. Between 200,000 & 250,000 were gas boilers. Then, it
was mainly off gas sales (majority electric). no penetration of
microgeneration.
- For new-build, the annual sales amounted to ~140,000 replacements.
Between 75,000 & 125,000 were gas boilers. Then, it was mainly off
gas sales (electric and oil). Low penetration of microgeneration.

Figure 31: Annual Market Sales of heating appliances

Figure 32: GB Housing stock
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6.2 Additional information
Heat pump
There is a range of technologies that can be used to convert electricity to heat. Heat pumps
transfer heat from a low temperature source such as ambient air, water, the ground or waste
heat, and raise it to a higher useful temperature. They represent an efficient use of energy.
Efficiency depends on outside air temperature, but with correct system design, installation
and operation, higher efficiencies are possible.
In part due to their efficient use of energy, the Committee on Climate Change has focused
on heat pumps as the primary low carbon option for most buildings off the gas grid in the
UK.
Heat pumps can also be combined with other technologies, usually a gas boiler, to create a
hybrid heat pump. Hybrid heat pumps allow buildings to generate heat from either
electricity or gas rather than relying solely on electricity.

Hydrogen
In the last five years increasing attention has been given to the role, hydrogen could play in
decarbonising heat. The combustion of hydrogen produces no direct greenhouse gas
emissions; however, as with other fuels, the potential for eliminating carbon emissions may
vary depending on the methods of production.

Biomass
Bioenergy currently plays a role in providing low carbon energy from organic compounds
(biomass) for transport, electricity and heat. When used for heat, biomass can be used as a
fuel for biomass boilers, heat networks, process heating in industry and in the production of
biogas.

Heat network
In tandem with these different low carbon heat sources, heat networks also have the
potential to play a key role in decarbonising heat.
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Heat networks are distribution systems of pipes that take heating or cooling from a central
source and deliver it to multiple customers such as in public sector buildings, shops and
offices, sport facilities, universities and domestic buildings. Some of the cheaper forms of
low carbon heat only come at scale (e.g. recovering heat from industry, energy from waste)
and a heat network is required to make them viable. Well designed and operated heat
networks can mean lower bills for consumers, and they are particularly well-suited to denser
urban areas where heat networks are generally more cost effective
There are now around 14,000 heat networks across the UK, which supply around 2% of all
heat demanded from UK homes, businesses and industry. The Clean Growth Strategy
presented an illustrative scenario which suggested heat networks could, by 2050, meet 17%
of heat demand in homes and up to 24% of heat demand in business and public-sector
buildings.
Once built, heat networks are not automatically low-carbon but they are a form of
technology agnostic infrastructure to which lower carbon heat generation sources can later
be readily plugged in with minimal disruption to consumers. While heat networks have a
demonstrated ability to use biomass and heat pumps, as well as being the only demonstrated
way to exploit at scale other low-carbon sources like waste-heat and energy-from-waste.
There is little evidence on how hydrogen could be used in heat networks, whether combined
heat and power conversions would be possible, and to what extent the current market for
hydrogen-fuelled systems could grow in future.
Whilst currently 91% of heat networks are powered by gas, we envisage that more low-carbon
fuel sources, like heat pumps and waste heat recovery, will be developed in the future and
are seeking to encourage this through the design of the Heat Networks Investment Project
and the future market framework for heat networks.

6.3 Domestic heat market in Belgium
In the field trials in Germany and Switzerland there is a focus on using the flexibility of heat
pumps for demand response using amongst others, the domain specific language considered
in WP 7.
The results of these trials will be used to assess the potential for heat pumps in other
countries, one being Belgium. More specifically, the goal of the work in the field trial is to
understand:
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-

What is the flexibility potential, response time, min on off time, etc.?

-

What is the fidelity of a heat pump as a source for flexibility?

-

How pragmatic can we model the flexibility of a heat pump coupled to a building?

-

What is the availability of flexibility for a heat pump?

The answers to these questions will allow us to make an accurate description of the value of
heat pumps in Belgium.
In the graph below one can see the rapid increase of heat pumps in Flanders. In 2015 there
were 17154 heat pumps installed with a total thermal power of 200 MW of about 50 MW of
electric potential.

Figure 33: Number of extra heat pumps/year (Vision in Technology (vito) n.d.)
A forecast of the potential for the coming years is given in the graph below.
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Figure 34: Expected thermal power potential of heat pumps in Flanders (Belgium).
From this one can see that in 2025 one expects over 400 (COP = 4) MW of electric power to
be available making it a possible very important source of flexibility, hence the results of
the field trials are essential to understand how much potential there really is in the table.
Next to the heat pump itself as a source of flexibility, there is typically also a resistor
available that can be used for boosting the heat in the hot water tank. The flexibility
potential of such a system has already been explored. The results of which are depicted
below.
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Figure 34: Flexibility potential of a hot water heater which is representative for the flex of
the DHW use related to a heat pump.

Figure 35: Annual sales of Gas boiler, oil boiler and electric heating
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6.4 The Belgian and British Heat Pump’s market in comparison
Although not radically different, it is not an easy task to compare and find similarities or
common trends in the Belgian and British energy market, and especially about the heat
market. While the part of nuclear in primary energy consumption is higher in Belgium than
in the UK, unlike the part of natural gas which is taking a more significant role in the UK,
that could favour the heat pump market in Belgium, the UK heat market is quite more
important than the Belgian one. Indeed, with a more than 5 times numerous population and
4 times more dwellings than in Belgium, the UK is one of Europe’s largest heating markets
(cf. comparison with the German market below, also leading in annual heating systems sales
in Europe).
Although there were 17,154 heat pumps operating in Flanders in 2015, the UK saw between
15,000 and 20,000 heat pumps being installed each year, between 2009 and 2013. In 2013,
more than 100,000 heat pumps were already operating in the UK, against less than 35,000
in Belgium. However, considering the difference markets‘ size and these last year’s trends,
the penetration of heat pumps in the Belgian heating market seems to grow more
significantly than in the UK, which is still highly dependent on gas-based heating systems.
Incentives and regulations for heat pump’s deployment in the new-build sector in Belgium,
especially in Flanders, drive the heat pump market. Moreover, Belgian citizens are more and
more aware and have a better understanding of these technologies. In Belgium, heat pumps
are used for both space heating and domestic hot water, while they are almost exclusively
used for space heating in the UK. Finally, Belgium expects for the current and coming years
a quite diversified set of heat pumps and hybrid systems. In the UK, the predominance of
natural gas, the cost of electricity, the difference of upfront costs between technologies
and the lack of awareness of users and installers slow the heat pump’s deployment down.
Although Air Source Heat Pump (ASHP) is the HP product the most present in the UK, some
expectations lie in the development of hybrid heat pumps (gas boiler + heat pumps) to make
the most of the advantages of gas while starting to electrify heating as a larger scale,
accompanied with the development of smart controllers to switch between the two energy
sources depending on the costs, the CO2 emissions, and flexibility.
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Figure 36: The UK HP-market size & forecasts (Delta-ee)

Figure 37: Forecast of Hybrid Heat Pumps annual sales in Europe (Delta-ee)

7. Conclusion
This report has shown that results from the pilot sites in Sim4Blocks cannot be transferred
to European populations from a psychological or technical point of view. People in the pilot
sites use Demand Response Systems for different reasons than the total population. They
feel a moral obligation to use technical systems to protect the environment. The specific
characteristics of each European country in which Demand Response Systems are to be
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introduced must be analysed individually. The example of the French population shows that
people react more strongly to their social environment than in the pilot sites. A comparison
of Belgium and Great Britain showed, that the technical requirements in the European
countries must also be analysed individually. Given the current state of acceptance of
Demand Response Systems in France, there is still potential to increase them. Methods such
as usability studies and Kano analysis could help, as well as feedback systems. It also shows
that a targeted approach to the experience of users in France could be worthwhile. In order
to implement this effectively, however, the individual target groups would have to be
examined more closely.
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8. Appendix
8.1 AIT questionnaire
Dear participant,
The AIT - Austrian Institute of Technology invites you to take part in a survey on your personal
views and needs regarding household energy consumption. This survey is part of a larger
European study conducted at test sites in Germany, Switzerland, and Spain. With your
participation, you are supporting research at a European level.
We invite people above the age of 18 to invest 15-20 minutes to filling in this questionnaire.
Among all participants, amazon vouchers (3x50€, 3x20€, and 6x10€) will be raffled.
Your participation is voluntary and you have the right to withdraw from the study at any
time. You also have the right to request that any data collected from you be deleted as you
are completing the study. We ensure the confidentiality of your data; your contact
information will be stored separately from your responses. Any personal data will be treated
anonymously and it will not be possible to identify you later based on your answers. We do
not expect any risks associated with your participation in the survey.
In case of questions, please contact us: kathrin.roederer@ait.ac.at
Thank you for your participation – it is greatly appreciated!

Socio-demographics
What is your gender:
o

Female

o

Male

o

Other

Please state your age:

_______ years

What is the highest degree or level of education you have completed?
o

No schooling completed
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o

High school graduate or the equivalent

o

Trade/technical/vocational training

o

Bachelor’s degree

o

Master’s degree

o

Doctorate degree

Are you currently…?
o

Employed full time

o

Employed part time

o

Self-employed

o

Not employed

o

A homemaker

o

A student

o

Retired

o

Unable to work

Please give an estimate your total monthly household net income:
o

Below 1000€

o

1001-2000€

o

2001-3000€

o

3001-4000€

o

4001-5000€

o

Above 5000€

o

Would rather not say
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Including yourself, how many people live within your household?
o

Aged less than 14 years:

_____ persons

o

Aged 14 to 24 years:

_____ persons

o

Aged 25 to 39 years:

_____ persons

o

Aged 40 to 54 years:

_____ persons

o

Aged 55 years or more:

_____ persons

How many square meters is your apartment/dwelling/house?

______

square

meters

Technology openness/Personal innovativeness in IT (Agarwal & Prasad, 1998)
1.

To what extent do you agree with the following statements? (from 1 = totally disagree

to 5 = totally agree)
o

If I heard about a new information technology, I would look for ways to experiment

with it.
o

Among my peers, I am usually the first to explore new information technologies.

o

I like to experiment with new information technologies.

o

In general, I am hesitant to try out new information technologies.

General acceptance of energy savings
2.

To what extend do you agree with the following statements? (from 1 = strongly

disagree to 5 = strongly agree)
o

I consider it important that energy is produced in an environmentally friendly way.

o

When buying new appliances and/or light bulbs, I pay attention to their energy

efficiency.
o

I try to use as little energy as possible. / I try not to waste any energy.

Acceptance of demand response measures (control, incentives)
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3.

How important are the following energy use aspects to you? (from 1 = not important

at all to 5 = very important)
o

To understand my energy consumption better.

o

To purposefully control my energy consumption.

o

To reduce my monthly energy costs.

o

To have the possibility to save energy costs by shifting my energy use to times when

there is a lot of energy available.
o

To monitor and control my household energy use in a convenient and energy-

conscious manner.
o

To produce and use my own energy (e.g. by using photovoltaics or a heat pump).

o

To protect the environment.

o

To retain control over my energy use data.

o

To receive all the important information regarding my energy use.

o

To gain benefits by providing my energy use data.

o

To use energy whenever I want to.

Acceptance of demand response measures (flexibility)
4.

The future energy system will be able to adapt energy prices to levels of demand. In

such a system, energy is cheap at off-peak times and expensive at peak times. As a result,
it is possible to save on energy costs by shifting energy use to off-peak times (e.g. at night,
on weekends). How likely are the following scenarios to you? (from 1 = very unlikely to 5 =
very likely)
o

I shift the preparation of meals to off-peak times.

o

I shift washing (clothes/dishes) to off-peak times.

o

I shift using home entertainment (e.g. watching TV, playing video games) to off-peak

times.
o

I shift taking a shower/a bath to off-peak times.
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o

Is there any (additional) energy use behavior you could imagine shifting?

___________________________________________
IF one of the answers = 1: Why is this scenario very unlikely to you?

Aspects of potential use and user interaction with a DR system (devices, information,
control, invasiveness, integration)
5.

Imagine a system, which allows you to monitor and control your household’s energy

use, also from a distance. What would be the most important aspects of such a system to
you?

6.

Which devices would you personally prefer for operating such a system? (Multiple

choice)
o

Dedicated device (compared to a remote control for the TV)

o

Smartphone

o

Smart TV

o

In-home display

o

Tablet

o

Personal Computer

o

Something else: _______________________

7.

With regard to such a system, how important are the following aspects to you? (from

1 = not important at all to 5 = very important)
o

To know about everything that is going on regarding energy in my household.

o

To be informed in cases of noticeable problems.

o

To be able to operate the system from a distance.

o

To be able to adjust settings without the help of a professional.
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o

To be informed about energy consumption of certain tasks (e.g. cooking, opening the

fridge, heat up after opening the window).
o

To get information about time shifting possibilities and estimated costs.

o

To be able to compare own household consumption with others.

o

To be able to track which data is stored where and can be accessed by whom.

8.

How often would you want to interact with this system (e.g. to set the room

temperature, to operate heating/cooling, shutters, or other appliances from a distance, to
get alerts in case of noticeable problems, monitor household’s energy use)?
o

Daily

o

Several times per week

o

Once per week

o

Several times per month

o

Once per month

o

Less than once per month

o

I don’t want to interact with such a system at all

9.

If you had to chose, which way of accessing system information would you prefer?

(single choice)
a.

Getting Push notifications with information about your household’s energy status

b.

Looking for the information about your household’s energy status by yourself

Automation

Experience:

Acceptance

of

automated

energy

management

(motivation/incentives, flexibility, practicability, control, informational aspects, trust)
10.

Imagine a fully automated energy system, where you do not have to monitor or

control anything. In this system, your energy provider takes care of everything. In cases of
increased energy demand somewhere, the energy provider could access your household’s
energy-related settings (e.g. boiler, heating, air conditioning system) from a distance and
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change the settings to state of lower energy use. Through this, energy shortages elsewhere
can be attenuated.
To what extent do you agree with the following statements? (from 1 = strongly disagree to 5
= strongly agree)
o

If the energy provider would access my household’s energy-related settings, I would

immediately want to be informed.
o

Each time a setting change is required, I want to give my consent explicitly.

o

I want to be informed about energy-related setting changes.

o

I want to be able to set conditions concerning energy-related setting changes.

o

Even if my energy provider can change settings, I want to remain in control.

o

I would trust my energy provider to manage my energy system to my benefit.

o

A fully automated energy system would help me save energy.

o

A fully automated energy system would make my life easier.

o

I am willing to accept energy-related setting changes, as long as my comfort is

sustained.
o

I would be willing to accept comfort reduction for the benefit of energy cost savings.

Acceptance of social comparison and group-related aspects of energy consumption and
feedback, Social norms
11.

To what extent do you agree with the following statements? (from 1 = strongly

disagree to 5 = strongly agree)
o

I like to compare myself to other people.

o

Before I do something, I want to know how other people have done it, so I can feel

more confident about my decisions.
o

It is important to me to know what other people are doing.

o

I adapt my behavior to the way my friends and relatives behave.
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o

I am very interested in what others think of our residential area.

o

By changing our behavior, residents like me can reduce the area’s energy use.

o

The residential area should do more to save energy.

o

I am concerned about the amount of energy that the residential area uses.

12.

What do you think, how many people in your residential area… (from 1 = very few to

5 = nearly everyone)
o

…turn off the lights when they leave home?

o

…turn off the shower while using shampoo?

o

…take a short shower instead of a bath?

o

…use a dryer instead of hanging the laundry?

13.

If other people in your residential area knew… (from 1 = strongly disapprove to 5 =

strongly approve)
o

…that the lights were left on if the tenants were not at home, they would…

o

…that the shower was left on while using shampoo, they would…

o

…that someone took a bath instead of a short shower, they would…

o

…that someone used a dryer, they would…

14.

How relevant would you rate the following comparisons of consumption as useful

feedback to you? (from 1 = not relevant at all to 5 = very relevant)
o

Comparison with neighborhood

o

Comparison with friends and family

o

Comparison with total strangers

o

Comparison with own behavior across time
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15.

Which data would you consider interesting for a comparison with your neighbors?

o

Energy consumption:

o interesting o not interesting

o

Heat consumption:

o interesting o not interesting

o

Water consumption:

o interesting o not interesting

o

Degree of flexibility in energy consumption:

o interesting o not interesting

8.2 Powermetrix Questionnaire
“When the electrical demand is expected to overshoot the supply, would you accept to…”
(five levels of agreement, from ‘surely’ to ‘surely not’)
1. ok_efft_sms: “… receive SMS (instant messages) requesting you to not switch on electrical
appliances for a few hours?”
2. ok_efft_ch: “… reduce heating at home for a few hours””
3. ok_efft_ecs: “… shut off your DHW for a few hours?”
4. ok_efft_tarif: “… pay a high price for electricity during those peaks, at the condition that
its price would be lower for the rest of the time”
“At your home, would you accept to have an automated/remote control for…” (yes/no)
5. ok_efft_auto_chaud: “… your central heating?”
6. ok_efft_auto_ecs: “… your DHW system?”
7. ok_efft_auto_rad_fixe: “… your static electric heaters?”
8. ok_efft_auto_plaq: “… your cooktop?”
9. ok_efft_auto_four: “… your oven?”
10. ok_efft_auto_ll: “… your washing machine?”
11. ok_efft_auto_lv: “… your dish washer?”
12. ok_efft_auto_rien: “… none of the above”
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8.3 Questionnaire HFT

Introduction
Dear participant,
thank you for showing interest in our survey. It will take up a maximum of 15 minutes of
your time.

We assure you that your data will be recorded and analysed anonymously. Accordingly the
answers you give in this survey, will not be traceable to you personally.

Our survey is about the topic "Demand Response Systems". Please read the explanation about
it on the next page, so you know, what it is about.

Thank you for your support!

First, we would like to give you a short introduction about the concept of Demand Response
Systems (DR-Systems):

As the European Union set the target to generate 20 % of its energy from renewable sources
until the year 2020, new methods to reach this goal are needed. Storing electricity is still
complicated, especially when created with sustainable sources, since the energy production
of these sources is subject to fluctuations: For example if the demand is low when the wind
is blowing or the sun is shining, the electricity produced from these sources can go to waste.

Please click on “continue” to get to the second page of the introduction.
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A solution for this problem could be DR-Systems. These are designed to enable users to take
more control over their use of electricity. In other words, using power when the wind is
blowing or the sun is shining. Doing so can reduce energy production costs for the energy
supplier and these savings can be passed on to the user. However, it also means that users
would have to change their energy usage behavior. DR-Systems will tell users the costs of
using energy during certain times of the day / the week. User can then decide whether they
want to shift some of their tasks (e.g. using their washing machine) in order to save costs.

We would like to know your opinion on the idea of DR-Systems. Please answer all questions
to the best of your knowledge, as this is very important for the success of our research
project. Please don't think about the questions in too much detail and indicate what comes
to your mind at first. If you do not know the exact answer to a question, please guess. There
are no right or wrong answers.

We will start with some data about you as a person and your knowledge as well as your
opinion on technology in general and with DR-Systems.

Please click on the button "continue" to start the survey.

Are you...?
Female

1

Male

2

What is your age?

56

www.sim4blocks.eu

I come from the region of...
Alsace

1

Aquitaine

2

Auvergne

3

Basse Normandie

4

Bourgogne

5

Bretagne

6

Centre

7

Centre-Val de Loire

8

Corse

9

Champagne Ardennes

10

Franche Comte

11

Grand Est

12

Hauts-de-France

13

Haute Normandie

14

Ile de France

15

Languedoc - Roussillon

16

Limousin

17

Lorraine

18

Midi - Pyrénées

19

Normandie

20

Nouvelle-Aquitaine

21

Nord - Pas de Calais

22

Occitaine

23

Pays de la Loire

24
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Picardie

25

Poitou - Charentes

26

Provence-Alpes-Côte d'Azur 27
Rhône-Alpes

28

My level of education is...
Lower Education (BEPC-BEP-CAP; no qualification (yet)) 1
Middle Education (BAC-BAC+2/DUT/BTS)

2

Higher Education (BAC+3-License-Bac+5-Master) 3

The rough income of my household is...
Less than 750 € a month

1

750 € - less than 1500 € a month

2

1500 € - less than 2250 € a month 3
2250 € - less than 3000 € a month 4
3000 € - less than 4500 € a month 5
4500 € a month or more

7

To what extent do you agree with the following statements?

I know how to use a...

totally disagree

totally agree

Smartphone

1

2

3

4

5

Smart TV

1

2

3

4

5

Tablet

1

2

3

4

5

Personal Computer

1

2

3

4

5
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5

Control unit

(like used in air conditioning)

1

2

3

4

5

Please rate your knowledge on the following aspects:
I know about …

nothing

very much

...the benefits of DR systems.

1

2

3

4

5

…the drawbacks of DR systems.

1

2

3

4

5

…the technology of DR systems.

1

2

3

4

5

In the following you will find some statements concerning (the usage of) new technologies
(e.g. Apps, smartphones).

Please rate each of the following statements in the given scale.
-3 strongly disagree -2 moderately disagree -1 slightly disagree +1

slightly

agree

+2

moderately agree +3 strongly agree

I feel powerless in situations where I use new technologies.
Few of the things that happen when I am using new technologies are beyond my control.
I would not start to use a new software package without having had some information about
it first.

On the following pages we would like you to imagine that you have a DR-system available in
your dwelling. Please click on the button "continue" and answer the questions.

Please indicate how much you agree or disagree with the following statements about DR
technology.
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The term DR technology refers to all the devices needed to adopt the DR-system e.g. a
smartphone app to communicate with the system or a smart meter to provide the
information needed to calculate the energy rates.
1 - strongly disagree; 7 - strongly agree
I am confident that I would enjoy the DR technology.
I am certain DR technology is a good technology.
I have a feeling DR technology will be convenient.
I am uncertain whether DR technology will be valuable to me.

Please indicate how much you agree or disagree with the following statements about the DR
operator.

The term DR operator refers to the energy supplier that offers you the DR-system.
1 - strongly disagree; 7 - strongly agree
I am confident that I would enjoy the service of the DR operator.
I am certain the service of the DR operator will be good.
I have a feeling the service the DR operator will be convenient.
I am uncertain whether the service of the DR operator will be valuable to me.

Imagine you had a DR-System installed in your dwelling. What would your expectations be?

Please indicate how much you agree or disagree with the following statements.

The process of calculating energy costs due to the availability of energy would be fair.
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The process of calculating energy costs due to the availability of energy would be
appropriate.
The process of calculating energy costs due to the availability of energy would be just.

Imagine you had a DR-system installed in your dwelling. What would your expectations be
regarding the installed DR technology?

Please indicate how much you agree or disagree with the following statements about DR
technology.
1 - strongly disagree; 7 - strongly agree
The DR technology would be competent in doing its job.
The DR technology would have the ability to accomplish what it says it will do.
The DR technology would do an efficient job.
The DR technology could be relied on to keep its promises.
I would be very willing to let the DR technology make decisions for users like me.
I think that the DR technology would not mislead me.

And what would your expectations be regarding the DR operator installing and supervising
the DR-system?
Please indicate how much you agree or disagree with the following statements about the DR
operator.
1 - strongly disagree; 7 - strongly agree
The DR operator would be competent in its job.
The DR operator would have the ability to accomplish what they say they will do.
The DR operator would do an efficient job.
My needs would be very important to the DR operator.
The DR operator could be relied on to keep its promises.
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I would be very willing to let the DR operator make decisions for users like me.
The DR operator would treat users like me appropriately.
I think that the DR operator would not mislead me.

How high do you estimate the probability, that you would use a DR-system in the future?

Note: Using a DR-system refers to the action of checking the time at which electricity would
be cheap or expensive and adjusting the time of conducting an activity that uses up
electricity accordingly.
1 - very low probability; 10 - very high probability

If you think about shifting activities due to different prices offered by the DR-system to you.
How likely are the following scenarios to you?
Please rate each scenario on the given scale.
1 - Very unlikely; 5 - Very likely
I shift the preparation of meals to times where energy costs are lower.
I shift washing (clothes/dishes) to times where energy costs are lower.
I shift using home entertainment (e.g. watching TV, playing video games) to times where
energy costs are lower.
I shift taking a shower/a bath to times where energy costs are lower.
I shift my hours at work to times where energy costs are lower.
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How high do you estimate the probability, that you would be able to use the service of a DRsystem if it was offered on a...
1 - very low probability; 5 - very high probability
Smartphone
Smart TV

1

2

3

4

5

3

Tablet 1

2

3

4

5

4

Personal Computer

1

2

3

4

5

Control unit
2

3

4

5

(as used in air conditioning) 1

5

P.20
TOPIC Matrix question
FILTER All
QUESTION

Imagine you would use a DR-system in your dwelling. What feelings would this

invoke in you?
PROG RANDOMIZE STATEMENTS
VARIABLE

Affect

ANSWERS
not at all

a little to some extent

1

Anger 1

2

3

4

5

2

Enthusiasm

1

2

3

4

3

Fear

2

3

4

5

4

Happiness

1

2

3

4

5

5

Surprise

1

2

3

4

5

6

Well-being

1

2

3

4

5

1

63

a lot

extremely

5

www.sim4blocks.eu

P.21
TOPIC Matrix question
FILTER All
QUESTION

What do people around you think about DR-systems?

Please rate the following statements on the given scale.
PROG RANDOMIZE STATEMENTS
VARIABLE

Social norm 1

ANSWERS
Strongly disagree

Strongly agree

1

People around me think that I should use a DR-system.

1

2

3

4

5

2

My family want me to use a DR-system.

1

2

3

4

5

3

My friends want me to use a DR-system.

1

2

3

4

5

P.22
TOPIC Matrix question
FILTER All
QUESTION

And do the people around you already use such DR-systems?

Please rate the following statements on the given scale.
PROG RANDOMIZE STATEMENTS
VARIABLE

Social norm 2

ANSWERS
Strongly disagree

Strongly agree
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1

I know many people around me who use DR-systems.

1

2

3

4

5

2

I know many family members using DR-systems.

1

2

3

4

I know many friends using DR-systems.

2

3

4

5

5
3

1

P.23
Explanation
In the next section of this questionnaire, we would like to know about your
experiences with DR-systems. Please click on the button "continue" and answer the
questions.

P.24
TOPIC Multiple Answer
FILTER All
QUESTION

Do you have experience with a DR-system (e.g. Tempo-Programm, Plüm-

Energy)?
VARIABLE
ANSWERS

DR experience 1
Code

I have used one before, but do not use it anymore.

1

I currently use one. 2
No, I have never used one. 3

P.25
TOPIC Open question
FILTER DR experience 1 (P.24 - Code 1)
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INT
QUESTION

Which DR-system have you used before?

(If you don't remember the name you can find it in this databank of all DR-systems offered
in France: http://www.smartgrids-cre.fr/index.php?p=france)
ANSWERS

OPEN ENDED QUESTION / INLUCDE LINK

P.26
TOPIC Open question
FILTER DR experience 1 (P.24 - Code 2)
INT
QUESTION

Which DR-system are you currently using?

(If you don't remember the name you can find it in this databank of all DR-systems offered
in France: http://www.smartgrids-cre.fr/index.php?p=france)
ANSWERS

OPEN ENDED QUESTION / INLUCDE LINK

P.27
TOPIC Multiple Answer
FILTER DR experience 1 (P.24 - Code 1)
QUESTION

How often did you use the DR-System?
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Note: Using a DR-system refers to the action of checking the time at which electricity would
be cheap or expensive and adjusting the time of conducting an activity that uses up
electricity accordingly.
VARIABLE

DR frequency 1

ANSWERS

Code

Multiple times a day 1
Once a day

2

Multiple times a week

3

Once a week 4
Multiple times a month

5

Once a month 6
Less than the above mentioned

7

P.28
TOPIC Multiple Answer
FILTER DR experience 1 (P.24 - Code 2)
QUESTION

How often do you use the DR-System?

Note: Using a DR-system refers to the action of checking the time at which electricity would
be cheap or expensive and adjusting the time of conducting an activity that uses up
electricity accordingly.
VARIABLE

DR frequency 2

ANSWERS

Code

Multiple times a day 1
Once a day

2
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Mulitple times a week

3

Once a week 4
Multiple times a month

5

Once a month 6
Less than the above mentioned

7

P.29
TOPIC Scale
FILTER DR experience 1 (P.24 - Code 1 OR Code 2)
QUESTION

How was your experience with the DR-System you have used so far?

VARIABLE

DR rating

1 - very negative

2

3

4

5 - very positive

P.30
TOPIC Matrix question
FILTER DR experience 1 (P.24 - Code 1)
QUESTION

What activities did you shift to off-peak times because of the DR-system you

have used?

Note: Off-Peak times are times, when the costs for energy are comparably lower.
PROG RANDOMIZE STATEMENTS
VARIABLE

DR-use scenarios
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ANSWERS
Very infrequently

Very frequently

1

I shifted the preparation of meals to off-peak times.

4

5

2

I shifted washing (clothes/dishes) to off-peak times.

4

5

3

I shifted using home entertainment (e.g. watching TV, playing video games)

to off-peak times.

1

2

3

4

1

2

3

1

2

3

5

4

I shifted taking a shower/a bath to off-peak times.

4

5

5

I shifted my hours at work to off-peak times.

1

1

2

3

2

3

4

5

P.31
TOPIC Matrix question
FILTER DR experience 1 (P.24 - Code 2)
QUESTION

What activities do you shift to off-peak times because of the DR-system you

are using?

Note: Off-Peak times are times, when the costs for energy are comparably lower.
PROG RANDOMIZE STATEMENTS
VARIABLE

DR-use scenarios

ANSWERS
Very infrequently

Very frequently
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1

I shift the preparation of meals to off-peak times. 1

2

3

4

I shift washing (clothes/dishes) to off-peak times. 1

2

3

4

5
2
5
3

I shift using home entertainment (e.g. watching TV, playing video games) to

off-peak times.
4

1

2

3

4

5

I shift taking a shower/a bath to off-peak times. 1

2

3

4

I shift my hours at work to off-peak times. 1

3

4

5

5
5

2

P.32
TOPIC Matrix question
FILTER All
QUESTION

What are your expectations with respect to demand response systems?

Pleas rate the following statements on the given scale
PROG RANDOMIZE STATEMENTS
VARIABLE

Perceived effects

ANSWERS
very negative

very positive

1

The effect on the environment would be… 1

2

3

4

5

2

The effect on energy savings would be…

2

3

4

5

3

The effect on overall energy-cost savings would be…

1

2

3

4

5
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4

The effect on my comfort would be…

5

The effect on the usage /expansion of renewable energy would be...

2

3

4

1

2

3

4

5
1

5

P.33
TOPIC Matrix question
FILTER All
QUESTION

To what extent do you agree with the following statements?

PROG RANDOMIZE STATEMENTS
VARIABLE

Personal norm

ANSWERS
I am interested in... totally disagree

totally agree

1

the topic of environmental protection.

1

2

3

2

the topic of saving energy. 1

2

3

4

5

3

the topic of DR-systems.

2

3

4

5

1

4

5

P.34
TOPIC Scale
FILTER All
QUESTION

How do you rate the general idea of a DR-system?

VARIABLE

DR attitude 1

1 - very negative

2

3

4

71

5 - very positive

www.sim4blocks.eu

P.35
Explanation
In the last part of our survey we would like to ask you about your opinion on how a
DR-system should be designed and some details on you as a person. Please click on the button
"next" and answer the questions.

P.36
TOPIC Matrix question
FILTER All
QUESTION

With regard to such a DR-system, how important are the following aspects to

you?
PROG RANDOMIZE STATEMENTS
VARIABLE

DR requirements 1

ANSWERS
not important at all

very important

1

To know about everything that is going on regarding energy in my household.

1

2

2

To be informed in cases of noticeable problems. 1

2

3

4

3

To be able to operate the system from a distance.

1

2

3

4

5

4

To be able to adjust settings without the help of a professional. 1

2

3

4

5

To be informed about energy consumption of certain tasks (e.g. cooking,

3

4

5

5

5

opening the fridge, heat up after opening the window). 1
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6

To get information about time shifting possibilities and estimated costs.

1

2

7

To be able to compare own household consumption with others. 1

3

4

8

To be able to track which data is stored where and can be accessed by whom.

1

2

10

To have the possibility to save energy costs by shifting my energy use to times

3

4

5

5

3

4

5

when there is a lot of energy available.
11

2

1

2

3

4

5

To retain control over my energy use data.1

2

3

4

5

P.37
TOPIC Matrix question
FILTER All
QUESTION

Here are some more aspects of a DR-system, focusing n the energy provide

operating the system in the background.

To what extent do you agree with the following statements?
PROG RANDOMIZE STATEMENTS
VARIABLE

DR requirements 1

ANSWERS
strongly disagree
1

strongly agree

If the energy provider would access my household’s energy-related settings, I

would immediately want to be informed. 1

2

3

4

5

2

Each time a setting change is required, I want to give my consent explicitly.

1

2

3

I want to be informed about energy-related setting changes.

3

4

3

4

5
1

2

5
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4

I want to be able to set conditions concerning energy-related setting changes.

1

2

5

Even if my energy provider can change settings, I want to remain in control.

1

2

6

A fully automated energy system would help me save energy.

3

4

7

A fully automated energy system would make my life easier.

3

4

8

I am willing to accept energy-related setting changes, as long as my comfort

is sustained. 1
9
savings.

3

3

4

4

5

5
1

2

1

2

5

5

2

3

4

5

I would be willing to accept comfort reduction for the benefit of energy cost
1

2

3

4

5

P.38
TOPIC Multiple choice
FILTER ALLE
QUESTION

My highest professional education is...

ANSWERS

Code

Apprenticeship
Foreman

2

Bachelor

3

1

Master 4
Diploma

5

P.hD. 6
Other namely: ___________ 7
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P.39
TOPIC Multiple choice
FILTER ALLE
QUESTION

Are you employed?

ANSWERS

Code

Yes, ...
Self-Employed (own business etc.) 1
Independent profession (doctor of medicine, real estate agent) 2
Manager; public official

3

Other type of employee; public official
Worker; technician; craftsman
Apprentice

6

Freelancer

7

4

5

No,...
Housemaker 8
Pupil 9
Student

10

Seeking work 11
Retired

12

P.40
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TOPIC Multiple choice
FILTER ALLE
QUESTION

Do kids under 18 years live in your household?

ANSWERS

Code

Yes

1

No

2

P.41
TOPIC Open question
FILTER P.40 Code 1
QUESTION

How many kids under 18 live in your household?

ANSWERS

P.42
TOPIC Open question
FILTER All
QUESTION

How high do you estimate the surface of your dwelling in square meters?

ANSWERS

OPEN ENDED QUESTION

P.43
Explanation
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Thanks a lot for participating!
Your input is highly appreciated.
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