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Abstract
Energy efficiency has become one of the basic pillars with which to tackle climate change in the European Union where 
households accounted for 27% of final energy consumption in the year 2016, the second largest sector after transport. 
This paper describes and draws conclusions from a series of economic experiments developed with the objective of ana-
lyzing the effectiveness of various methods for improving energy efficiency in the domestic sector. A distinction is made 
between informational methods, consisting in providing continuous information to the consumer about their energy 
performance, and economic methods which are based on an economic incentive calculated on the basis of the energy 
savings achieved with respect to a known reference. The experiments have been carried out both in the experimental 
economics laboratory and in the field (real dwellings) and have also made it possible to evaluate the applicability of 
experimental economics to this type of analysis, in which the economic behavior of the subjects is influenced by psy-
chological and social aspects. Final results show that informational methods on their own are not sufficient to achieve 
and maintain substantial energy savings and should be accompanied by economic incentives.

Keywords Energy efficiency · Domestic sector · Experimental economics · Informational methods · Economic methods

1 Introduction

In the European Union, the improvement in energy effi-
ciency has become one of the basic pillars to mitigate the 
emission of greenhouse gases and reduce dependence 
on energy from abroad. In 2016, approximately 27% of 
end-use energy was consumed in the residential sector 
[1], which shows the importance of proposing specific 
measures to encourage savings in this sector. In contrast 
to other sectors, energy consumption in households is 
characterized to a large extent by individual habits and 
behaviors that are not always rational.

Energy-saving policies have been mainly focused on 
the improvement in thermal enclosures, air condition-
ing systems (cooling and heating), lighting systems and 

household appliances. For instance, in the European 
Union, the principal Directives aim at regulating the mini-
mum energy efficiency requirements for the construction 
or renovation of residential buildings, developing meth-
ods for calculating the energy label of buildings, stablish-
ing the minimum requirements applicable to energy-using 
products and labeling and classifying energy-related prod-
ucts [2–5].

Even though different studies show significant sav-
ings thanks to the adoption of these policies [1, 6, 7], 
their degree of effectiveness is in permanent discussion 
[8–10], partly because of the difficulty in developing a reli-
able measurement system, partly due to the difficulty of 
quantifying the influence of the human factor on energy 
consumption in the residential sector. Several studies 
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[11–15] show differences among the theoretical calcu-
lations and the real results of the savings obtained with 
these improvements and attribute this discrepancy to the 
behavior of the inhabitants, which does not conform to 
the predictions. Therefore, knowledge of the individuals’ 
behavior in the use of equipment consuming energy is 
fundamental to be able to establish the best policies of 
energetic saving in the house [12, 16].

In order to study the behavioral component of the 
energy consumption in the residential sector, household-
ing consumption is divided in this article into two main 
categories: an inherent consumption, depending on the 
type and quantity of equipment installed, and a variable 
consumption, depending on the use of the equipment 
made by the inhabitants. Inherent consumption is related 
to the useful floor area of the house, the number of electri-
cal appliances available, the number of household mem-
bers and the climate zone in which the dwelling is located. 
To reduce the inherent consumption of a home, it is nec-
essary to increase the energy efficiency of the equipment 
used, as well as the thermal envelopes of the dwellings 
themselves. Most of current energy efficiency policies aim 
at reducing this kind of consumption.

Variable consumption, on the other hand, is related to 
the lifestyle, consumption habits and values of the inhab-
itants. Two dwellings with the same inherent consump-
tion can differ substantially in the variable consumption, 
which does not imply a greater degree of satisfaction in 
the house with increased consumption; it may simply be 
an indicator of inefficiency in the use of equipment [17]. 
An improvement in the energy efficiency of equipment 
also affects this component although main reductions can 
be reached through behavioral changes.

This article focuses on the analysis of reduction in the 
variable consumption component through the develop-
ment of economic experiments related to three different 
methods: (1) methods based on information, (2) methods 
based on feedback and (3) methods based on economic 
incentives.

Information-based methods consist in providing users 
with information on how to use household equipment effi-
ciently or on what should be taken into account in their 
acquisition [18]. By themselves they are not very effective, 
or they are only so in the short term. Information cam-
paigns appear to be influential (reductions in around 3%) 
but the persistence of the effect has been found to be very 
limited [19, 20].

One of the main issues that the users face when it 
comes to reducing their energy consumption in hous-
ing is the lack of information about their instantaneous 
and daily consumption of each piece of the equipment 
that they use. Of all the actions carried out over a month, 
the only information they receive is a value in kWh and 

its associated cost, which is the sum of the set of all the 
energy decisions taken over 30 days.

Feedback-based methods consist in providing the user 
with information about their consumption, as instantane-
ously as possible, so that they can change their behavior 
and see how this change is reflected in consumption. The 
types of feedback that are considered today are direct, 
indirect and disaggregated feedback.

Direct feedback consists in immediate feedback, 
obtained through a real-time meter. According to experi-
ments, savings of between 5 and 15% are obtained. Infor-
mation on the persistence of changes is variable, but in 
general it seems that, even with a certain downward trend, 
the effect is persistent. The most used systems are smart 
meters, which offer precise information about instantane-
ous consumption [21–24] and alarms. The latter do not 
show values but rather alert to certain events, such as 
excessive consumption or changes in the pricing period 
[25].

Indirect Feedback is feedback in which information has 
been processed in some way. It may consist in increasing 
the amount of information delivered with the bill, in the 
form of consumption histories, comparisons with other 
similar households or other means [20, 26–28]. In gen-
eral, it is much less immediate than the previous one, and 
so smaller achievements are expected. The results of the 
experiments yield savings values of 0–10%.

Disaggregated feedback consists in using an independ-
ent meter per appliance or group of them [29, 30]. It is an 
expensive method and its installation is complex. A more 
feasible version is the use of software capable of distin-
guishing the consumption of each household appliance 
[31, 32]. Despite the technical difficulties involved in its 
application, it is clearly a method with a great potential.

European policies related to feedback consist basically 
in the replacement of traditional meters by electronic 
ones, with instantaneous measurement of the consumed 
energy. However, these meters are located out of view of 
users with an uncomfortable access to their instant meas-
ures (through the websites of the supply companies). Due 
to this, the informative and instantaneous feedback poten-
tial of these meters is partly wasted. In addition, electricity 
bills must contain historical consumption information: a 
type of indirect feedback that is inefficient in its results. 
Faruqi shows in [33] savings of approx 1.55–1.73% in an 
advanced metering infrastructure experiment involving 
50,000 and 175,000 residential customers.

Finally, methods based on economic incentives consist in 
offering some kind of economic reward to the most effi-
cient users. This reward would be added to the savings 
obtained thanks to the decrease in consumption, which in 
most cases is small. The feed-in-tariff concept is described 
in [34]. It consists in establishing an economic reward 
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relative to the kWh saved. This concept is inspired by the 
system of the same name used in many countries of the 
European Union, including Spain, to promote renewable 
energies.

Boardmand proposes [35] to give each citizen a card 
with a certain number of tons of  CO2. Every time a citizen 
buys electricity, gas, gasoline or any other type of energy 
source, this is subtracted from the card. When the card is 
finished, the owner may continue buying but at a more 
expensive price; likewise, the person who has excess 
amounts of  CO2 can sell them. A similar idea is suggested 
in [36].

Economic incentives are widely used today in energy 
efficiency policies, and are considered to have a positive 
impact on savings [37, 38], but are currently focused exclu-
sively on improving the energy efficiency of buildings and 
appliances.

In this paper three experiments will be described, the 
first one being a laboratory experiment and the remaining 
two, field experiments. The general objective is to study 
different methods of reducing the consumption in hous-
ing based on varying the habits of its inhabitants.

Throughout the experiments, the premises and meth-
odology of experimental economics have been respected. 
Experimental economics has been used in the field of 
energy for approximately the last 40 years. Some reviews 
of field experiments related to electrical energy follow-
ing the bases of experimental economics can be found in 
[33, 39, 40]. Additionally, Frederiks et al. [41] highlighted 
the utility of applying key principles from psychology and 
behavioral economics in order to explain consumer deci-
sion making on household energy saving. In this vein, 
Hahn and Metcalfe [42] argue that the use of experiments 
can be very useful to understand how to change energy 
consumption decisions of consumers. Following this line, 
Lunn and Choisdealbha [43] use examples from recent 
research on energy efficiency decision making to state that 
laboratory experiments are often not only complementary 
to field experiments, but “also necessary to interpreting 
field results, and that such research can have direct policy 
implications.” They conclude that laboratory experiments 
can be the best tool to provide evidence for policy makers.

2  Methodology

2.1  General conditions of the experiments

The main aim of the first experiment was to test, in a sim-
ple laboratory environment, the compared efficiency 
among diverse informative methods in order to determine, 
in later field experiments, the most effective ones.

The second experiment was designed to evaluate in the 
real world the applicability of one of the best-performing 
methods in Experiment No. 1: the use of a smart meter. For 
the experiment, a smart meter with an app for smartphone 
or tablet was installed in a series of houses in the province 
of Castellón (Spain), whereby the users could consult their 
data about the instant consumption, their consumption 
history, the hourly price of energy, the value of their next 
bill and others. This meter only took measures of the elec-
tricity consumption of the house.

The third economic experiment consisted in studying 
the changes in behavior achieved by economically remu-
nerating the savings obtained. To this end, a group of vol-
unteers was recruited and offered an economic reward in 
exchange for a certain decrease in their electricity con-
sumption, measured in relation to their own consumption 
in the same months of the previous year. In order for the 
participants to have a reference as to whether they were 
achieving the objectives established in the experiments, 
they were sent weekly information on their performance.

2.2  Description of Experiment No. 1. laboratory

In this experiment, a virtual house was simulated in the 
laboratory and the energy performance of the experi-
mental subjects in it was recorded. According to the 
Experimental Economics Laboratory policy, participants 
were selected from students of the different faculties and 
schools of the Universitat Jaume I de Castellón. Most of 
them lived in their own homes with their parents. Before 
the beginning of each session, participants were given 
written and spoken instructions and any doubts that they 
might have were solved. Subjects were divided into several 
groups and each group was informed with different types 
of feedback (treatments). The virtual household consisted 
of three members (father, mother and son/daughter), and 
was composed of a dining room, a kitchen, two bedrooms 
and a bathroom. Some of the house equipment used elec-
trical energy while the other (heating and hot water) ran 
on gas.

For each appliance, a particular utility function was 
defined considering a standard use by a standard family. 
Utility is a function that measures the satisfaction obtained 
by a consumer when he or she enjoys a certain number of 
goods (see Fig. 1). For example, in the case of a washing 
machine, the utility is defined considering for the standard 
family (three members) an optimum use of 4 cycles per 
week and a maximum use of 14 cycles per week. The opti-
mum point represents the greatest value of satisfaction 
with respect to the energy consumption.

The quantification is carried out in the form of money, 
and measures how much a person would be willing to pay 
to receive a service or buy a product. The more vital a good 
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is, the greater its usefulness will be. Likewise, the greater 
the amount of a good, the lower the utility of the next unit 
will be. The function, as shown in Fig. 1, is always increas-
ing but tends to saturation in a given number of units of 
the good.

The screen shown in Fig. 2 was designed for the simula-
tion of the house. In it, the experimental subjects had the 
possibility to use the different appliances, heating, DHW 
and lighting during different hours and with different load 
and temperature cycles, number of uses, etc.

Together with each piece of equipment, the utility 
obtained by the particular use was showed. This value 

varied by changing the conditions of use of the equip-
ment, and was shown equally to the participants of all 
treatments. The final aim of the subjects was to maximize 
their benefit or surplus, understood as the utility obtained 
by the use minus the energy consumed to obtain it, both 
given in euros as shown in Eq. (1). To maximize the sur-
plus, each participant had to use the appliances taking 
into account his/her comfort (utility) and the estimated 
consumption of energy. The total utility was always shown 
to the participants while information regarding energy 
consumption was shown depending on the treatment.

The experimental subjects manipulated the environ-
ment and used the equipment over several periods, which 
represented either a typical summer day or a winter day. 
The sequence, which consisted of 18 periods altogether, 
alternated 3 days of summer with 3 days of winter. The 
main difference between the two types of day was the 
use of heating. It is important to point out that, although 
the simulation cannot be considered entirely realistic, the 
behavior of the participants was completely rational and 
no abnormal use of the appliances was reported.

Once the subjects had considered that they had made 
all the necessary decisions for the day, they clicked on the 
“next” button, after which they were shown a simplified 
electricity bill, in c C , corresponding to the month repre-
sented by the immediately preceding day. The bill (see 

(1)SURPLUS(C) = UTILITY(C)−CONSUMPTION(C)
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Fig. 2  Main programming screen
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Fig. 3) was calculated by multiplying by 30 the consump-
tion on the day represented, and also included the total 
profit obtained by the subject, calculated in the same way. 
Gas and electricity bills were shown separately, as was the 
consumption history of the previous “months.”

In this experiment, five different treatments were 
tested. In all of them, participants could see the screen 
and bill shown in Figs. 2 and 3.

In the Basic Treatment (T0), the only information 
received by the subjects about their monthly behavior 
was that appearing on the programming screen (Fig. 2) 
and that shown on the bill in Fig. 3.

In the Tips Treatment (T1), the participants were also 
shown a series of tips for energy saving, which were 
repeated in each cycle, prior to the programming screen 
and the bill.

In the Meter Treatment (T2), participants could see, 
beside the programming screen, a smart meter show-
ing their total instantaneous consumption in kWh and its 
corresponding cost in Euros. The bill does not vary with 
respect to the other treatments.

In the Disaggregated Meter Treatment (T3), subjects had 
five independent smart meters, which showed the instan-
taneous disaggregated consumption of the following 
groups of equipment: lighting, kitchen (oven, microwave 
oven and toaster), gas (heating and DHW), entertainment 
(TV, stereo and computers) and others (dishwasher, wash-
ing machine, iron and heater). Again, the bill continued to 
be the one shown in Fig. 3.

Finally, in the Ranking Treatment (T4), the only variation 
with respect to T0 is that, along with the bill, comparative 
information on the consumption of the rest of the group 

was also shown. This particular case was repeated in two 
different sessions, with different experimental subjects, to 
increase the number of independent observations.

Altogether, 173 subjects participated in the sessions, 
30 in each session except T2, in which they were reduced 
to 23. The experiments lasted between 90 and 120 min, 
depending on the treatment. Subsequently, the subjects 
were paid an amount of money proportional to the ben-
efits obtained according to their performance. Participants 
received an average amount of 20 Euros.

2.3  Description of Experiment No. 2. information 
without incentives

In this experiment, 71 experimental subjects were divided 
into two groups, Group I, made up of 22 people, and Group 
II, consisting of 46 people. Smart meters were installed in 
Group I’s houses together with an energy metering app in 
their smartphones. Regarding Group II, they were asked 
for permission to access the website of their energy sup-
ply company, in order to check their consumption data. 
The purpose of this second group was to have data on 
the natural variation of consumption from one period to 
another in the absence of feedback.

Selected houses were located in the city of Castellón 
and surroundings in the east cost of Spain with a Medi-
terranean climate (mild winters and warm summers). The 
main criteria for the selection was to get the maximum 
similarity considering the characteristics of the houses, 
the appliances and the number of inhabitants. Most of the 
participants were standard families (working parents with 

Fig. 3  Simplified bill
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one or two children). The socioeconomic characteristics of 
both groups are shown in Table 1.

All of the houses used heating and domestic hot water 
systems while the use of air conditioning was not relevant. 
Main energy carriers for heating and hot water systems are 
electricity and gas though in this experiment just electric 
energy consumptions are considered. Figure 4 shows the 
percentage rates for each domestic energy kind of con-
sumption in the Spanish Mediterranean zone.

Figures 5 and 6 show two screenshots of the app dis-
tributed to Group I. Figure 5 is the initial screen of the 
application, and shows the total instantaneous consump-
tion of the housing in Watts. This screen is refreshed every 
3 s. Pressing the first button on the menu to the right of 
Fig. 5 shows Fig. 6. This screen shows a history of instanta-
neous consumption during the current day, with the pos-
sibility of expanding any of its parts. The remaining sub-
menus include other information, such as an estimate of 
the bill for different types of contract, a calculation of the 

most advisable power to be contracted or a study on the 
consumption of the house.

Neither group benefited from any economic incentive, 
except for what they would presumably obtain in the form 

Table 1  Socioeconomic characteristics of the groups belonging to Experiment No. 2

Distribution of the sample according to the surface of the dwelling  (m2)

90–120 (%) 121–150 (%) 151–500 (%)

Group I (smart meter) 86 14 0
Group II (control) 77 4 19

Distribution of the sample according to the type of housing

Detached (%) Semidetached (%) Residencial 
building 
(%)

Group I (smart meter) 0 14 86
Group II (control) 17 8 75

Distribution of the sample according to the number of inhabitants

Up to 2 (%) 3–5 (%) More 
than 5 
(%)

Group I (smart meter) 9 91 0
Group II (control) 23 75 0

Distribution of the sample according to the type of heating

Electric (%) Others (%)

Group I (smart meter) 68 32
Group II (control) 56 44

Distribution of the sample according to the location of the house

Province Maximum dis-
tance to the sea 
(km)

Group I (smart meter) Castellón 26
Group II (control) Castellón 25

Fig. 4  Household energy consumptions for the Spanish Mediterra-
nean zone
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of a reduction in the electric bill due to the decrease in 
consumption.

Consumption data were taken from both groups during 
the month prior to the distribution of the computer appli-
cation, in order to have a reference of consumption in the 
absence of feedback. Once the application was installed 
to the subjects in Group I, data for 3 different periods of 
the year, each with a duration of approximately 1 month, 
were taken.

At the end of the experiment, participants were asked 
to fill out a survey about their participation in the experi-
ment. Their responses are shown in Table 2.

2.4  Description of Experiment No. 3. influence 
of an economic incentive

Seventy experimental subjects took part in this experi-
ment. They were divided into three groups. The first 
group, called Group I or Payment Group, made up of 25 
subjects, was offered an economic reward proportional 
to the savings obtained. The reward was linearly variable 

Fig. 5  OnMeter initial screen

Fig. 6  Consumption history

Table 2  Final survey Experiment No. 2

Do you think the smart meter helps you save?
A little 0
Regular 44.4%
A lot 33.3%
I do not know 22.3%
Do you think it is important to reduce the use of energy in the 

home?
Essential 66.7%
Important 33.3%
Not important 0
Totally unnecesary 0
Do you consider your energy performance efficient in recent 

years?
A little 0
Regular 55.6%
A lot 45.4%
I do not know 0
Do you check your electricity bill when you receive it?
The cost 11%
The cost and the consumption in kWh 0
The cost, the consumption and the consumption history 89%
I do not check it 0
If you want to save energy, what is/are the reason(s)?
Personal economy 100%
National economy 0
Depletion of energy sources 55.5%
Climate change 66.7%
Do you have any of these problems to achieve savings?
I do not know what to do to save 22%
I cannot see the effects of the changes I make 11%
I do not have any references about what is normal to 

spend, so I do not know if I save or waste
33.3%

The changes I could make cost me more money than I save 33.3%
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between C 0 for negative or zero savings, up to C 100 
for savings of 10% or greater. The savings were to be 
achieved during the months of October, November and 
December 2016, and were calculated with respect to 
the consumption of the same months 1 year before, in 
2015. The group received weekly information about its 
consumption of the current year and the previous year.

The second group, called Group II or Control Group, 
also consisted of 25 subjects. In this case no financial 
reward was offered, although the same weekly informa-
tion was sent as for Group I. The purpose of this second 
group was to have a reference of what the change in 
consumption would have been in the absence of the 
economic incentive.

Finally, a third group, called Group 0 or Blind Group, was 
formed, consisting of 20 people to whom no information 
or access to any type of reward was offered. The purpose 
of this third group was to evaluate the possible influence 
of feedback in the behavior of Groups I and II.

The socioeconomic characteristics of the three groups 
are shown in Table 3.

In order for the Group I participants to have a reference 
as to whether they were achieving the objectives set out 
in the experiment, their weekly performance information 
was sent to them as a message to their smartphone (Figs. 7 
and 8). However, since feedback of information is in itself 
an aid to energy saving, information was sent to groups I 
and II alike. In this way, the possible modification of the 
behavior due to feedback is not a variable to be taken into 

Table 3  Socioeconomic characteristics of the groups belonging to Experiment No. 3

Distribution of the sample according to the surface of the dwelling  (m2)

90–120 (%) 121–150 (%) 151–500 (%)

Group I (control) 68 8 24
Group II (payment) 68 20 12
Group 0 (blind) 53 26 21

Distribution of the sample according to the type of housing

Detached (%) Semidetached (%) Residencial 
building 
(%)

Group I (control) 16 12 72
Group II (payment) 16 4 80
Group 0 (blind) 16 10 74

Distribution of the sample according to the number of inhabitants

Up to 2 (%) 3–5 (%) More 
than 5 
(%)

Group I (control) 25 75 0
Group II (payment) 24 68 8
Group 0 (blind) 36 64 0

Distribution of the sample according to the type of heating

Electric (%) Others (%)

Group I (control) 56 44
Group II (payment) 56 44
Group 0 (blind) 47 53

Distribution of the sample according to the location of the house

Province Maximum dis-
tance to the sea 
(km)

Group I (control) Castellón 16
Group II (payment) Castellón 25
Group 0 (blind) Castellón/Valencia 26
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account, since it is the same for the 50 participants. Hence 
the need for a third blind group to evaluate the possible 
influence of feedback on groups I and II.

For the collection of consumption data for both Group I 
and Group II, all participants were asked for permission to 
access their data on the website of their supply company. 
Group 0 data were obtained from their electricity bills.

After the experiment was completed, the participants 
in Group I were given a survey about their participation in 
the experiment. Tables 4 and 5 summarize their responses.

3  Results

3.1  Experiment No. 1

The results of Experiment No. 1 are studied through two 
variables, Consumption and Surplus. Their descriptive sta-
tistics are shown in Table 6.

Figure 9 shows the average electricity consumption 
results for each treatment as a percentage of the optimal 
performance (100%). Optimal behavior is defined as the 
most energy-efficient one without loss of comfort (maxi-
mization of surplus in Eq. (1)). The basic treatment, T0, is 
shown as another point of comparison.

Fig. 7  Weekly information sent 
to the smartphones of Groups I 
and II. Weekly consumption

Fig. 8  Weekly information sent 
to the smartphones of Groups I 
and II. Total consumption

Table 4  Summary of resources used by Group I participants

Resource used Number of 
times men-
tioned

Turning off unnecessary lights 10
Optimizing the use of household appliances 8
Family Awareness 6
Unplugging unused devices 4
Optimizing the use of heating 4
Improvements in equipment 2
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In Fig. 9, it can be seen how all treatments show a 
lower consumption than the optimal one. In fact, it 
seems that all subjects showed an extremely thrifty 
behavior, because of the suggestion created by partici-
pation in an energy efficiency experiment, in the belief 
that large savings would lead to greater benefits. The 
behavior closest to the optimum is T3 (Disaggregated 
Meter).

When comparing the results shown in Fig. 9, it can be 
seen that the most thrifty treatments are T1 (Tips) and T4 
(Ranking). They are the two treatments with the greatest 
pressure relative to the savings, as well as the ones that 
had a poorer feedback system. The two groups have been 
characterized by the compulsion to save.

However, the behavior of the subjects is not explained 
exclusively by their energy consumption; it is also neces-
sary to evaluate the level of personal gain obtained, since 
savings obtained from sacrifices in the quality of life are 
unlikely to be maintained over time.

The results related to the benefit (surplus in Eq. (1)) are 
shown in Fig. 10, also as a percentage of the optimum. In 
this case, the most successful treatments are T2 (Meter) 
and T3 (Disaggregated Meter), which are the ones that 
benefit from a better feedback. Treatments T0 (Basic), T1 
(Tips) and T4 (Ranking) sacrifice comfort to obtain their 
results. However, among them the Ranking performance 
is reasonably effective in achieving a profit when, at the 
same time, it is one of those that achieves the greatest 
savers in consumption.

Due to the way in which the utility function is con-
structed, profit maximization is equivalent to maintaining 
a moderate consumption while maintaining the satisfac-
tion obtained with it. Since this experiment does not seek 
to reduce comfort but to minimize the expense necessary 
to maintain it, it is concluded that T2 and T3 are the most 
effective treatments.

3.2  Experiment No. 2

The behavior of the members of Group I was evaluated by 
comparing the average consumption of the participants of 
Groups I (Meter) and II (Control) during the month before 
the experiment (period 0), in which neither of them had 
access to their consumption. As a working hypothesis it is 
assumed that the relative difference between the mean 

Table 5  Summary of the utility of the weekly information sent by 
participants

Was it useful? Which graphic did you 
watch the most?

Number of 
times men-
tioned

Yes 15
No 0

Weekly savings 11
Total savings 4
Website of the supply 

company
1

Comparisons 1

Table 6  Experiment No. 1 descriptive statistics

Treatments Electricity consumption 
(cC)

Electricity surplus 
(cC)

Average SD Average SD

T0 3363.75 1059.77 501.78 67.03
T1 3154.37 1464.79 507.31 85.10
T2 3179.01 1180.91 539.40 92.12
T3 3856.77 1420.80 567.18 89.56
T4 3091.17 1185.52 508.13 94.20

Fig. 9  Total electrical consumption of all treatments

Fig. 10  Total electrical benefit of all treatments
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values, in the absence of the smart meter and its app, 
would have remained stable over time. The data collec-
tion was divided into three sub-periods, the duration of 
which can be seen in Table 7.

Once the average difference in consumption during 
period 0 is known, any deviation in the relative means of 
the two groups with respect to this period is interpreted as 
a result of the installation of the smart meter and its app. 
The comparison variable is, therefore, the increase in con-
sumption with respect to period 0. Its descriptive statistics 
are shown in Table 8.

The final results of the comparison between the two 
groups do not show an appreciable difference between 
them in any of the periods. Table 9 shows the average, the 
percent difference between the two groups, as well as the 
significance of the comparatives.

As can be seen in Table 9, the percentage differences 
between the samples are very small, ranging from − 1 to 
+ 1%. In addition, they are not significant in any of the 
cases (p value always close to 1). The comparison was car-
ried out through the Mann–Whitney test, since approxi-
mately half of the samples did not present a normal 
distribution.

3.3  Experiment No. 3

For the evaluation of the behavior of the members of 
Groups I and II, the performance of each group was com-
pared with its equivalent period in the previous year. As a 
working hypothesis it is assumed that, in the absence of 
the economic incentive, the differences between 2015 and 
2016 would be similar in the two groups, since both would 
have been subjected to the same environmental or other 
variations. The comparison variable used is the increase 
in consumption between 2015 and 2016. The variable is 
calculated so that negative increases represent savings in 
2016 compared to 2015.

Between the years 2015 and 2016 there is a negative 
variation in consumption (a decrease in consumption) of 
Group I, while there is a variation of positive consump-
tion (an increase in consumption) in both control Group II 
and in the Blind Group 0. Final results are summarized in 
Table 10, where it can be seen that the differences between 

the two groups were significant (p value 0.013 and 0.09, 
respectively). The differences between the blind and con-
trol groups were not significant (p value 0.594). Since a 
part of the sample does not present a normal distribution, 
the test used for the comparison was Mann–Whitney.

While Control Group II increased its consumption by 
6.6% in the period studied, Group I, with a monetary incen-
tive, reduced it by 7%. Taking the control group as a refer-
ence for behavior in the absence of treatment, the reduc-
tion in consumption of Group I compared to what would 
have been expected behavior in 2016 is 14.6%.

After the experiment was completed, all participants 
were asked to keep their accounts of the supply company 

Table 7  Duration and seasonality of the four periods of the experi-
ment

Period 0 One month, prior to the 
distribution of the applica-
tion, fall

Period I 1 month, fall
Period II 1 month, winter
Period III 1 month, summer

Table 8  Variable increase in consumption. Experiment No. 2 
descriptive statistics

Increase between 
periods

Mean (kWh) SD (kWh) N

Group I
 I-0 − 46.99 101.37 22
 II-0 − 34.41 93.11 22
 III-0 15.47 141.48 22

Group II
 I-0 − 24.79 49.07 46
 II-0 − 8.76 40.89 46
 III-0 27.55 82.08 46

Table 9  Comparison of groups I and II during the 3 periods of the 
experiment

Period Average 
consumption 
(kWh)

Increase (kWh) Savings (%) p value 
(Mann–
Whitney)

Group I
 0 280.91 24.42 − 8.69 0.550
 I 305.33

Group II
 0 296.55 24.79 − 8.36
 I 321.34

Group I
 0 280.91 11.26 − 4.01 0.643
 II 292.17

Group II
 0 296.55 8.76 − 2.95
 II 305.30

Group I
 0 280.91 − 22.94 8.17 0.723
 III 257.97

Group II
 0 296.55 − 27.55 9.29
 III 269.00
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open to continue taking data and have the opportunity to 
check the persistence of the effect over the next 3 months.

The results are shown in Table 11. As can be seen, the 
significance of the Variation of Consumption variable con-
tinues to be significant. However, the difference between 
the groups has been reduced from 14.6 to 10.2%.

4  Discussion

The results obtained in the experiments can be analyzed 
from a twofold perspective: a quantitative analysis report-
ing the savings obtained for each method and a qualita-
tive analysis focusing on the fact that energy efficiency 
improvement in the domestic sector is a complex objec-
tive where the non-rational behavior of energy consumers 
plays a decisive role.

With respect to energy-saving results, Experiment No. 1 
shows that providing the user with additional information 
than just the energy consumption value (treatments T1, 
T2 and T4) can yield savings up to 6% in the conditions of 
the experiment. As mentioned in Sect. 1, literature reports 
that information-based methods can provide savings 
around 3% while direct-feedback methods result in sav-
ings between 5 and 15%. This experiment shows that con-
sumers are in general able to process complex information 

about their consumption and get relevant savings if they 
are motivated in somehow.

Contrary to the results obtained in some studies 
[21–24], in Experiment No. 2, the equality of the means 
of groups I and II throughout all periods, shows that the 
installation of smart meters along with their app does not 
imply any improvement in the energy performance of the 
participants. Although the results have not coincided with 
what was initially expected, the fact is that they clearly 
demonstrate that an informative tool; however, compre-
hensive, is not enough to guarantee a reduction in con-
sumption by subscribers.

Experiment No. 3 results show that the potential savings 
that can be reached when providing an economic incen-
tive related to energy savings are about 15% although 
evidently this result depends on the value of the reward. 
This value was obtained using an information tool that is 
far less sophisticated than the one designed for Experi-
ment No. 2, which shows that, in fact, users already have 
a considerable knowledge of where energy is wasted in 
the home.

Apart from the energy-saving results, the three experi-
ments can be considered an empiric demonstration of 
some of the behavioral tendencies explained in [13]. 
Experiment No. 1 shows, unexpectedly but very clearly, 
that the behavior of individuals is strongly influenced 

Table 10  Comparison of results 
of groups 0, I and II

Average consump-
tion (kWh)

Average 
increase (kWh)

Savings (%) p value (Mann–Whitney)

I–II I-0 II-0

Group I
 2015 583 − 41 7.03 0.013 0.009 –
 2016 542

Group II
 2015 520.2 34.2 − 6.57 0.013 – 0.594
 2016 554.3

Group 0
 2015 571 32.1 − 5.62 – 0.009 0.594
 2016 603

Table 11  Results of the data 
collection after the end of the 
experiment

Results of the period after the end of the experiment

Consumption (kWh) Increase (kWh) Savings (%) p value 
(Mann–
Whitney)Average Total Average Total

Group I
 Jan–Feb 2016 640 14,079.7 20.7 455.2 − 3.23 0.039
 Jan–Feb 2017 660.7 14,534.8

Group II
 Jan–Feb 2016 573.2 12,610.4 79 1738.8 − 13.79
 Jan–Feb 2017 652.2 14,349.2
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by the suggestion that they were expected to have an 
energy-efficient behavior. In the real world, people are not 
under so much pressure from the environment regarding 
their energy behavior but this experiment shows that a 
direct outside influence, such as advises of experts or the 
behavior of others, could be used to improve the energy 
use patterns of the people. It is important to note that the 
treatments analyzed in Experiment No. 1 are designed 
to optimize the way in which the equipment is used (i.e., 
increase utility in relation with energy consumption) and 
not sacrifice comfort. Although, it has not been proved in 
the experiment, it is reasonable to think that this approach 
is more likely to be persistent in time.

For its part, Experiment No. 2 shows that people have a 
strong resistance to change and tend to avoid tasks requir-
ing some kind of effort and that are costly in the short 
term. Although providing the users with a powerful tool to 
follow their daily energy consumption and get significant 
savings, the subjects reduced very rapidly the use of the 
tool over time.

Regarding Experiment No. 3, it demonstrates the impor-
tance of motivation by some kind of reward or incentive. In 
this case an extrinsic motivation has been tested with very 
good results. It is important to emphasize (Table 7), the 
unanimous agreement about the importance of energy 
saving for the personal economy of the participants. 
One of the main problems of energy-saving measures 
at the residential level is that the improvements are only 
reflected in an electricity bill in which non-variable terms 
(power term, equipment rental and taxes) weigh more 
than the consumption. If one of the main incentives for 
users is the economic savings generated by energy effi-
ciency measures, but any measure they take has almost 
no economic impact, the configuration of the electricity 
bill is a clear disincentive for energy saving.

It is significant that most of the resources used by the 
experimental subjects were behavioral (turning off lights 
and televisions that are not used, raising awareness, avoid-
ing stand-by systems, optimizing the use of appliances) 
and did not imply a reduction in their quality of life (see 
summary in Table 9).

On the other hand, not all the participants obtained 
benefits; in fact, seven of them consumed more during 
the experiment than in the previous year. This demon-
strates that a quality information tool is vital for a part of 
the population to be able to achieve significant savings.

4.1  Political implications

In the European Union, and under the current regulations, 
campaigns are being carried out to replace traditional 
meters with high-tech meters capable of providing instant 
consumption measures. At the same time, the distributors 

and marketers are making this information available to 
their customers, in the form of graphs and spreadsheets.

According to experts, the most effective energy effi-
ciency measures in the European Union in the residential 
sector are those related to the energy labeling of both 
products and housing, as well as mandatory requirements 
for new or renovated buildings. However, and despite its 
apparent potential, smart-metering is considered to be 
one of the most ineffective measures.

Experiments 2 and 3 demonstrate that the problem 
does not lie in the amount of information provided to the 
user, but in the user’s willingness to first access that infor-
mation, and second, to use it in favor of energy efficiency.

Taking into account the financial outlay and the techni-
cal difficulties involved in replacing all meters and their 
implementation in a network that provides short-term 
measures to all its users, it is necessary to develop and 
apply some kind of incentives so that this policy reaches 
its maximum effectiveness.

5  Conclusions

In this paper three economic experiments, developed to 
examine the effectiveness of several energy efficiency 
methods in the domestic sector, have been presented. The 
main objective of the work was to analyze the economic 
behavior of energy consumers in order to help identify the 
best policies for energy savings in the sector. The experi-
ments have been performed both in the laboratory and in 
real dwellings. Laboratory experiments allow a detailed, 
economic and fast analysis of individual behavior when 
the subjects receive different kinds of feedback. On the 
other hand, real dwelling experiments are more expensive 
and complex to develop but closer to realistic conditions. 
The right combination of both kinds of experiments allows 
testing a complete set of diverse energy-saving treatments 
with different characteristics.

The results show that in general people are able to 
process and use information and feedback applications 
(e.g., real-time consumption provided by a smart meter) in 
order to reduce their energy consumption. However, this 
measure is not enough in itself to reach substantial savings 
in an extended period of time. Environmental awareness 
and social pressure have also been proven to be methods 
that can lead to important savings but again these meth-
ods are not persistent in time. An important conclusion 
derived from the results of the first experiment is that that 
subjects’ behavior is very dependent on external guidance 
and on the behavior of other people (social norms).

Information tools that are being developed by law 
(smart-metering of electrical energy, improvements in the 
information provided in the invoices, updated information 
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on the website of the supplying companies), are based on 
the idea that a duly informed user will reduce his energy 
consumption. Experiment No. 2 shows that this premise is 
false. It is necessary to redesign energy policies to take into 
account the need to add an incentive, whether economic 
or otherwise, to the informative method.

In this sense, Experiment No. 3 demonstrates that the 
application of an economic incentive added to an infor-
mation tool is proved to be the most effective method 
to achieve energy savings. In fact, the control group of 
Experiment No. 3 does not obtain any level of savings, 
and its behavior is very similar to that of the blind group, 
despite having the same information as the economically 
incentivized group. Most of the savings in this experiment 
have been obtained by behavioral changes, which dem-
onstrates the potential that these contain. In addition, the 
potential is greater than assumed: there are subjects with 
consumption reduction capabilities that far exceed the 
barrier of 10%. The effect is persistent in the short term: 
after the end of the experiment, the difference between 
the two groups with respect to the previous year is main-
tained. However, a reduction in 14.6–10.2% is observed 
over a period of 3 months.
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