
HAL Id: hal-02123615
https://hal.science/hal-02123615v1

Submitted on 3 Jun 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Analysis of energy consumption profiles in residential
buildings and impact assessment of a serious game on

occupants’ behavior
Tamás Csoknyai, Jérémy Legardeur, Audrey Abi Akle, Miklós Horváth

To cite this version:
Tamás Csoknyai, Jérémy Legardeur, Audrey Abi Akle, Miklós Horváth. Analysis of energy consump-
tion profiles in residential buildings and impact assessment of a serious game on occupants’ behavior.
Energy and Buildings, 2019, 196, pp.1-20. �10.1016/j.enbuild.2019.05.009�. �hal-02123615�

https://hal.science/hal-02123615v1
https://hal.archives-ouvertes.fr


Energy & Buildings 196 (2019) 1–20 

Contents lists available at ScienceDirect 

Energy & Buildings 

journal homepage: www.elsevier.com/locate/enbuild 

Analysis of energy consumption profiles in residential buildings and 

impact assessment of a serious game on occupants’ behavior 

Tamás Csoknyai a , ∗, Jeremy Legardeur b , Audrey Abi Akle 

c , Miklós Horváth 

a 

a Budapest University of Technology and Economics, M ̋uegyetem rkp. 3-9, 1111, Budapest, Hungary 
b Univ. Bordeaux, ESTIA, IMS, UMR 5251, F-64210 Bidart, France 
c Univ. Bordeaux, ESTIA, F-64210 Bidart, France 

a r t i c l e i n f o 

Article history: 

Received 19 November 2018 

Revised 14 March 2019 

Accepted 4 May 2019 

Available online 5 May 2019 

Keywords: 

Serious game 

Smart metering 

Occupants’ behavior 

Energy consumption trends and profiles 

Energy performance of residential buildings 

Demand side management 

a b s t r a c t 

The paper has a focus on energy consumption habits, trends and intervention strategies in residential 

buildings, mainly through the serious game approach with a combination of direct consumer feedback 

through smart metering. More than 150 homes in France and Spain have been involved in the research 

experiment and the consumption habits of approximately 50 homes were deeply analyzed. The applied 

methods, processes, results and findings of the monitoring data analysis are presented in the paper with 

two aims. First, consumption profiles and trends were determined for apartment homes with regard to 

heating, domestic hot water and electric consumption. Second, the impact of a serious game experiment 

was assessed comparing energy consumption, indoor air temperature and users’ habits (based on ques- 

tionnaires) before and after launching the experiment. 

© 2019 Published by Elsevier B.V. 
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. Introduction 

The influence of occupant behavior on energy consumption in

uildings is getting increasingly significant as the overall energy

emand of the buildings is substantially decreasing due to the

ighly ambitious energy performance requirements. The perfor-

ance gap of nearly or net zero buildings is widely known and

as been a hot topic recently. A study dealt with identifying the

ctual gap between the designed and actual consumption of the

uilding, where they concluded that the behavioral aspects have a

ignificant role in this area [1] . 

The recent jump in smart meter technology opened new per-

pectives in monitoring occupant behavior in buildings and can be

sed for several different applications, such as occupant behavioral

odeling, fine-tuning of certain design values or load forecasting. 

This paper has a focus on testing intervention strategies in res-

dential buildings, mainly through the serious game approach and

ombines it with direct consumer feedback through smart meter-

ng. 

The research was carried out within the Horizon 2020 Green-

lay project aimed at raising awareness among citizens through

he implementation of a real time monitoring energy consumption
∗ Corresponding author. 
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latform and the development of a serious game. The project ran

rom March 2015 to August 2018. 

The specific objective of the developed serious game (entitled

Apolis Planeta”) and the related eGreen monitoring platform was

o stimulate residents to use their homes in a more energy efficient

ay. More than 150 homes in France and Spain have been involved

n the pilot activity and the consumption habits of approximately

0 homes were deeply analyzed. 

The paper presents the applied methods, processes, results and

ndings of the monitoring data analysis with two main objectives.

irst, consumption profiles and trends were determined for apart-

ent homes with regards to heating, domestic hot water and elec-

ric consumption. Second, impact of the Greenplay solution (the

erious game approach) was assessed comparing energy consump-

ion, indoor air temperature and users’ habits (based on question-

aires) before and after launching the experiment. 

. Methodology 

.1. Literature review 

The impact of occupant behavior on energy consumption was

nvestigated in numerous research articles [2] , including research

n how changes in occupant behavior affects the energy con-

umption [3–6] . However, it is also important to note that the

resence and behavior of occupants have a different im pact on

https://doi.org/10.1016/j.enbuild.2019.05.009
http://www.ScienceDirect.com
http://www.elsevier.com/locate/enbuild
http://crossmark.crossref.org/dialog/?doi=10.1016/j.enbuild.2019.05.009&domain=pdf
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energy consumption [7] . It can also be identified that there are

several gaps in the current research such as systematic approach,

larger scale empirical evidence, socio-economic status assessment

and the effect of occupant behavior included in policies [8] . 

Most of the occupant behavioral studies were conducted in of-

fice buildings, where the main occupant-related energy consump-

tion is electricity, which is easy to measure, however there is also

need for occupant behavioral patterns in the residential sector [9] .

In the residential sector the greatest challenges are the greater di-

versity in occupant behavioral patterns and the financial barriers

for large scale monitoring, however for smaller pilot projects it is

possible to carry out detailed measurements [10] . However, the re-

cent jump in smart meter technology made it available to monitor

occupant behavior in different buildings, and this can be used as a

tool for several different applications, such as occupant behavioral

modeling or load forecasting, but it has also brought up another

challenge, which is the problem of big data analysis, which needs

to be addressed as well [11,12] . 

In the case of residential buildings the smart metering of elec-

tricity consumption is the most common, where daily profiles are

identified [13,14] . Heating and cooling consumption patterns are

harder to measure, however when the heating as well as the cool-

ing is based on electricity it is possible to measure the consump-

tion and create the profiles [15] . It must not be forgotten, however,

that in case of heating and cooling the building physical charac-

teristics, location and the quality of the technical building systems

play a more important role in consumption than human factors.

Also it is possible to supplement the smart meter measurements

with surveys which could yield a better understanding of occu-

pant behavior and user patterns [16] . While establishing the de-

mand profiles it is important to keep in mind, that there are also

changes in behavior and the profiles can change, thus this phe-

nomenon should be also addressed [17] . 

In order to process monitoring data, widely used methods are

available for scientists such as energy signature, heating degree day

corrections and statistical data processing. The “ICT PSP Methodol-

ogy for Energy Saving Measurement” developed in 2012 [18] and

the “Methodology for energy-efficiency measurements applicable

to ICT in buildings (eeMeasure)” developed in 2011 [19] give a

very comprehensive and practical guidance on data processing. The

two methodological documents have been produced as part of the

eeMeasure project in order to promote good practice and consis-

tency in the reporting of ICT-PSP project results. The original basis

for savings calculations within the ICT-PSP projects was a modi-

fied version of the EVO International Performance Measurement &

Verification Protocol (IPMVP) [20] . 

It is also important to note that solely the measured data is not

enough to draw conclusions about the energy consumption habits.

The smart meter data need to be processed and filtered and then

presented to the users to give feedback about their consumption.

One way of giving feedback is to install in-home displays in the

building, thus the occupants can see their consumption and make

changes in their behavior to save energy [21] . 

By measuring consumption and creating consumption profiles

[22,23] it is possible to make more accurate building simulations

[23,24] . By performing individual building simulations it is possi-

ble to make territorial assessments of energy consumption with

building typology and bottom-up modeling, which can be useful

for policy makers as well [25,26] . 

This paper has a focus on testing intervention strategies in

residential buildings, mainly through the serious game approach

and combines it with direct consumer feedback through smart

metering. The idea of using smart meters, real-time feedback, or

variable tariffs to influence energy use by private consumers is not

recent. However, smart metering opened up a new way of eval-

uating consumer behavior. A novel contribution of the study is
hat conclusions are supported by multi-methods applied with the

nvolvement of a large number of homes from three different pilot

reas with different circumstances and climate and it covers heat-

ng, domestic hot water and other electric consumption separately.

n case of this project only homes with solely electricity usage

ere selected, thus the measurement of different consumption

ypes was easier. Focusing on homes with electric heating has the

dvantage that energy need and consumption are close to each

ther, because electric systems can be characterized by high effi-

iency factors and low losses. Thus, conclusions on consumption

an be extended for demand. However, this statement is valid

nly for daily or longer time periods, for hourly analysis there can

e time gaps between consumption and demand due to storage.

urthermore, energy consumption trends are changing with time

ven in short term and previous results can get out of date in a

elatively short time. 

A serious game is “a game in which education (in its various

orms) is the primary goal, rather than entertainment” [27] . Appli-

ations based on Serious Game are now worldwide and in many

ectors such as health, defense, education, and sustainable devel-

pment. We can find in the literature a very rich typology and

ynonyms are linked to this topic [28] : Educational games, Simula-

ion, Alternative Purpose games, Edutainment, Digital Game Based

earning, Immersive Learning Simulations, Social Impact Games,

ersuasive Games, Games for Good, Synthetic Learning Environ-

ents, Games with an Agenda. This diversity of terms is due to the

umerous stakeholders with an interest in the Serious Game and

he diversity of their approaches. According to other work [29] , we

an elicit 8 principles to consider when designing a serious game:

1) encourage motivation and get users to engage in the situation,

2) identify the knowledge that users will have to handle, (3) give

sers a freedom governed by rules, (4) introduce instructional el-

ments that allow users to have feedbacks on the strategies they

dopt, (5) allow error, don’t dramatize the failure, (6) enhance the

nteraction between players, (7) take into account the emotional

spects and (8) integrate playfulness phase in the learning situa-

ion. 

Research shows that direct feedback in home displays could

ave up to 15% electricity [30] . However, as stated by Paetz et al.

although providing information and feedback is a precondition,

t may not be sufficient on its own" [31] . Then, the use of games

ppears in the 20 0 0s with first serious game type as for exam-

le Professor Tanda [32] . The primary objective was to increase

he awareness of people then let them reduce their electricity

onsumption. One difficulty of this game was that consumption

ata were not connected to the game and users are required to

nter them manually. Thus the pervasive games appear to reduce

lectricity consumption. Pervasive games are often referred to

ames that extend beyond the traditional interface into the real

orld [30] . Nine projects working on pervasive and persuasive

aming for energy conservation are identified ( Table 1 ). These

rojects are partially presented in the work of Johnson et al. [33] .

ll of these games use the principle of “reward” as encouragement

ut they differ a lot in terms of functionalities: advice generator,

uizzes, use of cooperation and/or competition and video game.

he advantage of gamification is that behavior change and thus

nergy saving is stimulated by rewards but also by the social inter-

ction through cooperative challenges. In fact, literature suggests

hat the integration of socially aspects as competitiveness and

omparison feedback is more efficient in individual energy saving

34–38] . From our literature review, the closest solution to our one

s the Social Power [38,39] . Indeed, except the video game feature,

ocial Power provides the same features as ours (Apolis Planeta).

oreover, it focuses on the challenge and social interaction in

nergy saving. One project does not appear in the Table 1 because

t is a specific case. Indeed, Gnauk et al. [40] propose solution of
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Table 1 

Projects working on pervasive and persuasive gaming for energy conservation (PART 1). 

Name References 

Comparison according to the functionalities 

Advices Quizzes Cooperation Competition Video game 

Eco Island [41] Yes Yes Yes 

Power Agent [42] Yes Yes Yes Yes 

Power Explorer [43] Yes Yes 

Energy Life [44] Yes Yes Yes Yes 

Gaea [45] Yes Yes Yes 

LEY! [46] Yes Yes 

Energy Battle [47] Yes Yes Yes Yes 

Climate Race [48] Yes 

Social Power [38] Yes Yes Yes Yes 

Table 2 

Projects working on pervasive and persuasive gaming for energy conservation (PART 2). 

Name References Sample Duration Energy saving 

Eco Island [41] 20 (6 families) 4 weeks (2 weeks of exp.) 6% (eq. CO2) 

Power Agent [42] 6 players (and their family) 10 days After effort (1 h): ∼34% 

During Game period: ∼22% 

57 days (monitoring after) After the game: ∼0.2% 

Power Explorer [43] 15 participants (12–14 years old) 1 week During game: ∼16% 

10 weeks post exp. 14% (not statistically significant) 

Energy Life [44,49] 24 participants (34.87 years on 

average) = 8 households 

3 months Null (reduction of the accesses) 

Gaea [45] No quantitative but usability studies 

LEY! [46,50] Focus on architecture game design for environmental awareness 

Energy Battle [47] 17 households (2–5 persons) 4 weeks test 24% 

10 households 4 weeks after Very variable values according to 

households 

Energy Explorer [51] Focus on methodology and game description 

EnerGAware project [52] Focus on game description 

Social Power [38] 108 persons (46 playing actively) 13 weeks ∼5% 
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amification in demand dispatch systems. This solution does not

ocus directly on the energy saving but on the behavior change

ccording to the flexibility of renewable energy sources. 

In addition, the state of the art presented in the Table 2 shows

hat, for the majority, solutions enable a reduction in energy con-

umption as the solution is used. However, energy saving does not

ersist when game ends. That is why, we choose to perform a long

erm experiment. Once again, the work of Castri et al. [38] is the

losest of our approach with more than 100 persons in the exper-

ment. 

.2. Experimental overview 

The concept map of the research is presented in Fig. 1 express-

ng the applied multi-methods, experimental design and data anal-

sis. The entire project duration was 3.5 years. We developed a se-

ious game and an online energy monitoring platform in order to

timulate energy saving and involved 157 homes in the experimen-

ation. The energy performance data subject to evaluation were

uilt on different pillars: ener gy audits, online surveys and mon-

tored energy consumption. 

.3. Concept of the serious game and the eGreen platform 

The Greenplay solution was composed of 3 main connected

omponents: 

– Data collection is provided by smart meters to monitor electri-

cal consumption installed in more than 150 homes for about

1.5 years 

– A customized platform eGreen ( http://www.egreen.fr/ ) to in-

form occupants about their own energy consumption. This plat-

form is accessible through login and password sent to each
dwelling in order to help people to reduce their consump-

tion with customized advices and questions that provide “Gree-

nies” (points). Diverse advices are proposed to occupants and

have been designed based on scientific literature and are to be

spread through the eGreen platform and the Apolis Planeta se-

rious game using the sub-module called smart advice generator.

The smart advice generator gives occasionally personalized ad-

vices to users based on the results of energy audits carried out

in all homes in the early phase of the project taking into ac-

count the technical characteristics of the home (e.g. no air cool-

ing advices are given if the home is not equipped with cooling

system). These advices are structured into categories (cleaning,

media and entertainment, cooking, etc.). Furthermore, advices

are also proposed based on the analysis of the electricity con-

sumption (e.g. important consumption during night leads to ad-

vice on lowering stand-by consumption). 

– The Apolis Planeta serious game ( Fig. 2 ). This is a game and so-

cial network platform where users can play by using creative

functions to produce pixel art and share positive actions and

projects within a worldwide social network while stimulating

the reduction of energy consumption at home. Full functional-

ities are available for homes equipped with smart meters con-

nected to the system. 

Apolis Planeta shifts the boundary between the real and the vir-

ual world as the main objective of the game scenario is to encour-

ge current positive actions based on real life in order to save the

orld from a virtual disaster in 2050 where all the world is pol-

uted. Therefore, every user has the objective to earn virtual money

alled Greenies by reducing energy in order to spend them in Apo-

is Planeta to depollute a zone of the hexagon-squared map of the

orld by proposing an image, a message or a drawing. 

http://www.egreen.fr/
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Fig. 1. Concept map of the research. 

Fig. 2. Apolis Planeta serious game on mobile application. 

Table 3 

Number of monitored homes. 

Geographical area 

Homes with 

data 

High data quality 

GENERAL 

High data quality 

HEATING 

High data 

quality DHW 

Isère (LE COL) SE France 58 19 20 19 

Basque Country and the southern Landes (OPAC) 

SW France 

35 11 10 9 

VIGO area Spain 64 19 17 14 

TOTAL 157 49 47 42 
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2.4. The homes subject to analysis, data filtering, on-site visits, 

characteristics of users 

Altogether 157 homes were involved in the project from 3 geo-

graphic areas ( Table 3 ): the Vigo area, (North-West Spain), the Isere

area (South-East France) in cooperation with housing association

LE COL and an area in the French Basque country in cooperation
ith housing association OPAC. The pilot areas were selected tak-

ng into account management and technical aspects. In the project

rganizations from three countries participated (from France, Spain

nd Hungary). First it was checked how widespread it was to use

lectric heating in the countries. In France electric heating is gen-

ral and finally two areas were selected there. Hungary was ex-

luded due to very low rate of electric heating. Spain was in the
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Fig. 3. Distribution of participating homes per number of occupants living in the 

home. 
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Fig. 4. Distribution of participating homes per average age of adults. 

Fig. 5. Household composition of participating homes. 

Fig. 6. Distribution of participating homes per type of home. 
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iddle with a moderate, but acceptable rate. Vigo pilot area was

elected in the region of project consortium partner Faimevi re-

ponsible for communication with pilot homes in Spain. They car-

ied out a door-to-door communication campaign, thus easy reach

as an important issue. In France the pilot areas were searched

ithin a tender targeting housing associations all over the country.

Participation was voluntary, but certain technical requirements

ad to be fulfilled, such as available internet connection and

eating and domestic hot water generation had to be based on

lectricity. Homes were reached through a door-to-door commu-

ication campaign in Spain and with the involvement of housing

ssociations in the two French areas. Willingness to play with a

ideo game was not a selection criterion either. 

About 45% of the apartments were equipped with controllable

lectric radiators and nearly 40% had electric boiler with heat

torage capacity. Split units were sporadic. In France nearly all

partments had a roomwise programmable thermostat. In Spain

oomwise control was also general, but approximately 40% had

anual thermostat. In the majority (90%) of the apartments

lectric water heating in a tank (50–150 l) was installed. Nearly

ll apartments (90%) had an exhaust ventilation with temporarily

perated fans and balanced ventilation with heat recovery was

n 2% of the homes only. Household devices and their operation

chedules were also investigated. 

The monitoring of the energy consumption and indoor air

emperature was conducted in the participating homes. The mon-

toring was running from January 2017 till the end of June 2018.

uring the project there were homes who backed out or the data

ollection was temporarily or permanently interrupted (users were

ble to disconnect the sensors). After closure of the monitoring

ata collection the data was evaluated and where data quality did

ot fulfil certain criteria those datasets were excluded from the

nalysis. The main criteria were as follows: 

• General consumption (covering all electric use in the home):

more than 85% of daily consumption data available for the pe-

riod 01.01.2017–30.06.2018 
• Heating consumption: more than 80% of weekly consumption

data available for weeks 5–22 in 2017 and for the same period

in 2018 (for some analysis we considered those homes where

more than 85% of daily consumption data was available for the

periods 01.01.2017–15.04.2017 and 15.10.2017–15.04.2018) 
• DHW (domestic hot water) consumption: more than 85% of

daily consumption data available for the period 01.01.2017–

30.06.2018 

Other criteria were applied as well such as too high heating

onsumption (more than realistic low power mode consumption)
n summer or the sum of heating and DHW consumption should

e lower than general consumption. There were homes where it

as turned out that some additional appliances were connected to

he heating (or to the DHW) circuit, thus the heating data included

he consumption of these additional units as well. It was decided

ase by case if such datasets were included into the analysis or not

epending on the significance of the related error. 

The final numbers of homes taken into account in the evalua-

ion are summarized in Table 3 . 

During the analysis specific consumption values (per m 

2 floor

rea and per user) have been calculated in order to obtain com-

arable data. The necessary information was collected during the

n-site visits when the sensors were installed. In addition, sup-

lementary technical information about apartment type, building

hysical parameters, heating system, cooling system, DHW system,

ooling system were collected as well. Most apartments were lo-

ated in multi-family buildings with various years of construction.

he majority of the apartments in Spain were heated by elec-

ric radiators, in France direct electric air heating was frequent as
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Fig. 7. Monitoring concept and associated internet platform. 
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well. Heat pumps, cooling systems and mechanical ventilation (ex-

cept for individual exhaust fans in kitchens, bathrooms and toilets)

were exceptional. Nearly all apartments were equipped with elec-

tric heated storage tanks. 

Characteristics of users were also subject to analysis.

Fig. 3 shows the distribution of participating homes per number

of occupants for those homes where more than 85% of daily con-

sumption data was available for the period 01.01.2017–30.06.2018.

It shows that in VIGO there is a tendency of more families with

more occupants, in LE COL there are mainly couples and OPAC

there are mainly singles. Certainly, further characteristics were

investigated as well such as distribution according to age ( Fig. 4 ),

household composition ( Fig. 5 ) or type of the home ( Fig. 6 ). How-

ever, analysis of consumption according to sub-categories would

have led to too low number of samples per categories, therefore it

was decided to distinguish according to pilot area only. 

2.5. Data collection 

In order to monitor the consumption of the homes and get nu-

meric results about the impact of the experiment, consumption

monitoring devices were installed in the participating homes. The

applied technology pack included sensors, transmitters and associ-

ated internet platform eGreen ( Figs. 7 and 8 ). The devices worked

using ammeter clamp sensors, measuring current in the electric ca-

bles on the principle of the electromagnetic effect. 

Three sensors were installed in the electric panel of each home

to monitor the general, the heating and the water-heating con-

sumption. All homes were equipped with electric heating and elec-

tric domestic hot water heating devices. A transmitter sent data of

consumption to a wireless gateway. This gateway transmitted the

information in a secured way to the internet box of the household.
Fig. 8. Integrated concept of the monitor
n addition, an indoor air temperature sensor was installed as well

o measure thermal comfort of the home. 

Consumption data were registered on a private internet plat-

orm, reachable through the eGreen website ( www.egreen.fr ). Each

ome had access to view its energy consumption, both real time

nd historical data. Diverse functionalities were proposed by the

onnected energy-focused serious game (Apolis Planeta) to users to

ncourage sustainable behaviors, in a social and entertaining way:

onitoring of consumption, decrease objectives, comparison with

riends or anonymous neighbors results, advices or alerts in case

f overconsumption. 

.6. Outdoor temperature data 

Measured outdoor temperature data were retrieved from

gimet Weather Information Service’s closest weather station cor-

esponding to each sample home [53] . Both daily and weekly aver-

ge data were used for different evaluation purposes. 

Fig. 9 shows weekly data for the three pilot areas from January

017 to June 2018. VIGO and OPAC show very similar evolution,

ue to the similar weather conditions (proximity of the Atlantic

oast). LE COL is located in a more continental area and there-

ore annual amplitude is higher (slightly colder winter, slightly

armer summer). However, in all three areas moderate winter and

ummer conditions were registered during the monitoring period

ith (weekly average) temperatures above zero most of the time

 Fig. 10 ). 

.7. Evaluation of energy performance 

In order to process monitoring data widely used methods were

pplied such as energy signature, heating degree days corrections

nd statistical data processing in accordance with Renz [18] and

oodall [19] . Specific values related to floor area unit, number of

ccupants or were calculated to make results of the homes with

ifferent characteristics comparable. To determine hourly, daily and

onthly consumption trends the most illustrative projection base

roved to be the average consumption of the relevant period. 

.8. Questionnaires on users’ habits 

In 2017 before launching Apolis Planeta an online questionnaire

n users’ habits has been sent out to the homes to obtain a picture
ing platform and the serious game. 

http://www.egreen.fr
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Fig. 9. Weekly average external temperatures during the monitoring period for the 

three pilot areas. 

Fig. 10. Number of homes filling the environmental awareness questionnaire in 

2017, in 2018 and in both years in the two countries. 
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P  
bout occupants’ behavior related to energy awareness. After the

losure of the monitoring period a similar questionnaire has been

irculated among occupants in July 2018 to see changes in energy

wareness. The comparative survey provided information about the

sers on different aspects such as: 

• their level of energy awareness in general, 
• apartment characteristics (e.g. existence of cooling devices), 
• what occupants believe about their heating, domestic hot water

and household appliance using habits that could be compared

to the measured results (e.g. operation habits on heating ther-

mostats, bathing / showering frequencies, differences between

family members), 
• information about the devices they have in the apartment (e.g.

energy efficiency level of TVs, washing machines, freezers) and

about customs on their usage providing supplementary results

to the measurements, 
• changes on devices between the pre- and post-evaluation time.

In 2017 we received 28 answers from France and 54 from Spain,

owever in 2018 only 9 valid questionnaires were submitted by

he occupants from France and 33 from Spain in spite of an inten-

ive campaign and the fact that the questionnaire was significantly

hortened. Number of homes filling both questionnaires are 5 for

rance and 32 for Spain. Due to the low number of homes filling

oth questionnaires in France we excluded the French case from

he evaluation. 
. Results and discussion 

.1. Activity of tenants in the pilot period 

Occupants started playing Apolis Planeta at the end of 2017. Un-

il June 2018 they were stimulated several times in different ways,

uch as three contests have been lunched, questionnaires were sent

ut to get their feedback and telephone campaigns were carried

ut as a direct stimulus. Fig. 11 presents the stimulating activities

nd the number of user connections to Apolis Planeta. In spite of

he more than 50 communication actions the number of user con-

ections remained moderate particularly in LE COL and OPAC and

ost of the connections were related to a small number of homes,

ther homes were permanently inactive. Fig. 12 shows the number

f connections per month to the game of the most active players

uring the playing period. 

.2. Analysis of heating consumption data 

Analysis of weekly heating consumption data was carried out

or those users where more than 80% of weekly consumption data

as available for weeks 5–22 in 2017 and for the same period in

018. There were 47 homes fulfilling this criterion. 

The heating energy consumption of apartments was in the

ange of 0–72 kWh/m 

2 year. The low figures can be explained by

he moderate climate (average outdoor temperature of the heating

easons were in the range of 6.84–10.52 °C). 

.2.1. Heating energy consumption 

The performance of individual homes were compared for iden-

ical periods in 2017 and 2018 using energy signatures (see

ig. 13 as an example home). Daily heating energy consumptions

n function of outdoor air temperature are presented for the two

eriods (2017: before pilot, 2018: after pilot). As known, heating

onsumption is strongly influenced by outdoor temperature (trend

ines and correlation coefficients are indicated on the figure). In

ase of energy saving line 2018 (orange) should be under line 2017

blue) with a lower steepness as the selected example of user 46

hows. For some cases the correlation was low (under 0.5) or very

ow (around 0.3). It can be explained by other independent vari-

bles (other from external temperature) not monitored within the

roject. The measurements were made mostly in apartments and

ot in entire buildings. In apartments the influence of the neigh-

ors’ heating habits can be very high. The impact of other factors,

uch as periods of set-back in heating system use or solar gains

nd wind should not be forgotten either. In season 2018 there

ere very few days with cold temperatures. In both years there are

any days with moderate temperatures (above 10 °). In such transi-

ion periods, the impact of certain variables such as solar radiation

r neighbors’ heating habits increase. In case of these occupants it

s hard to prove neither energy savings nor its opposite based on

he available data, because the correlation was too low. After the

nalysis of the diagrams one by one it can be concluded that al-

hough there were homes with a decreasing trend, in general no

onsequent change in heating energy consumption can be justified

s a result of the gaming activities. The statement is valid even if

e focus on active players only. However, as explained before, it

oes not necessarily mean that users’ behavior did not change. 

Energy signatures for LE COL homes are presented in Fig. 14 and

n Fig. 15 . In case of some users it was experienced that there was

on-zero energy consumption in summer. These homes are rep-

esented in Fig. 15 . For most of these homes the summer con-

umption is constant and very low. It means that the electric heat-

ng system was working in low power mode. However, in case of

ser 23 the summer consumption was significant and not constant.

robably appliances other than heating system are connected to
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Fig. 11. Activity of homes and milestones of support actions in during the first 22 weeks of 2018. 

Fig. 12. Monthly number of connections to Apolis Planeta of most active players 

during first half year of 2018. 
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the heating circuit here. This home and another similar one from

Vigo were excluded from some of the analysis. 

Heating energy use before and after launching the game is com-

pared in Fig. 16 for LE COL and in Appendix ( Figs. A1 and A2 ) for

the other two sites. In the diagrams the values of the horizontal

axis are as follows: 

ϑ i , 2017 − ϑ i , 2018 [ ◦C ] , (1)

where 

ϑi , 2018 [ 
◦C ] - average indoor air temperature of home i during

the heating season 2018 (only for weeks 5–22) 

ϑi , 2017 [ 
◦C ] - average indoor air temperature of home i during

the heating season 2017 (only for weeks 5–22) 

The figures of the vertical axis are as follows: 

φ2017 ,i − φ′′ 
2018 ,i 

[
kW h 

week 

]
, (2)
here 

φ′′ 
2018 ,i 

[ kW h 
week 

] - average weekly consumption of home i during the

eating season 2018 (only for weeks 5–22) corrected with heating

egree days using constant 17 °C indoor air temperature: 

′′ 
2018 ,i = φ2018 ,i ·

17 − ϑ e , 2017 

17 − ϑ e , 2018 

[
kW h 

week 

]
, (3)

here 

φ2018 ,i [ 
kW h 
week 

] - average weekly consumption of home i during the

eating season 2018 (only for weeks 5–22) 

ϑe , 2018 [ 
◦C ] - average outdoor air temperature during the heat-

ng season 2018 (only for weeks 5–22) 

ϑe , 2017 [ 
◦C ] - average outdoor air temperature during the heat-

ng season 2017 (only for weeks 5–22) 

Weeks with data gaps were excluded from the calculation. With

his approach (considering constant indoor temperature in the

DD correction) the consumption values reflect the impact of the

hange in indoor air temperature. If indoor air temperature de-

reases the presented consumption should decrease as well (cer-

ainly other factors may have a more significant opposite effect).

he applied 17 °C was selected because for most users the regres-

ion line of energy signatures hits the horizontal axis at this point

eaning that above this temperature the heating is not used (in

verage). 

Data points above the horizontal axis mean that consumption

as lower in 2018 than in 2017. Regarding the figures it can be

emarked that for the majority of users the consumption has in-

reased. However, spots on the right side from the vertical axis

ean that users kept higher temperatures in 2017 than in 2018.

t can be stated that the majority of the users decreased the in-

oor temperature. It also means that users made effort s to de-

rease their consumption, but the consumption has increased. The

robable reasons for the increased consumption are the mentioned

ndepe0ndent factors rather than indoor air and outdoor air tem-

eratures. 
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Fig. 13. Comparison of daily heating energy consumption for 2017 and 2018 for user 46 in function of outdoor temperature (example for decrease in energy consumption). 

(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 

Fig. 14. Energy signature for users with zero heating consumption in summer (12 user – LE COL). 
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.2.2. Indoor air temperature during heating season 

The previous conclusion of the decreased indoor temperature is

ell justified by Fig. 17 as well. Spots in the diagram show average

ndoor temperatures for heating seasons of 2017 and 2018 for in-

ividual homes. If a spot is above the 45 ° line the temperature of

he home was higher in 2018 than in 2017, otherwise lower. 

Decreasing the indoor temperature is the most important action

 user can take in order to lower the heating consumption. To con-

lude, in spite of the increased consumption we can observe that

n average users’ behaviors have improved after the pilot action.

he average decrease in indoor air temperature was 0.32 °C for LE

OL, 0.18 °C for OPAC and 0.99 °C for Vigo ( Table 4 ). If we exclude

he impact of other independent variables it corresponds to a the-

retical energy saving of 4.6% for LE COL, 1.9% for OPAC and 10.4%

or Vigo ( Table 4 ). These savings were calculated as follows (for
 a  
bbreviations see Table 4 ): 

�φ∗

φ∗
2017 

= 

(
ϑ̄ i , 2017 −

(
ϑ̄ e , 2017 + ̄ϑ e , 2018 

2 

))
−

(
ϑ̄ i , 2018 −

(
ϑ̄ e , 2017 + ̄ϑ e , 2018 

2 

))
(
ϑ̄ i , 2017 −

(
ϑ̄ e , 2017 + ̄ϑ e , 2018 

2 

))
·100 [ % ] , (4) 

The formula excludes the impact of change in external temper-

ture and all other factors. These savings are not reflected by the

easured consumption because the impact of other factors inde-

endent from project actions is significant. 

Fig. 18 compares the evolution of the hourly temperatures in an

verage day of all analyzed homes for the months February 2017

nd February 2018. The night set-back is clearly remarkable such
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Table 4 

Changes of average temperatures for all homes between the analyzed period of the heating seasons. 

Average indoor temperature Average external temperature Savings 

2017 ϑ̄ i , 2017 °C 2018 ϑ̄ i , 2018 °C Difference °C 2017 ϑ̄ e , 2017 °C 2018 ϑ̄ e , 2018 °C Difference °C �φ∗

φ∗
2017 

% 

LE COL 19.81 19.49 −0.32 7.2 6.84 −0.34 4.6% 

OPAC 21.34 21.15 −0.18 9.87 9.48 −0.39 1.9% 

VIGO 19.97 18.98 −0.99 10.52 8.56 −1.95 10.4% 

Fig. 15. Energy signature for users with heating consumption in summer (8 user – LE COL). 

Fig. 16. Difference of average weekly energy consumption between 2017 and 2018 in function of indoor temperature difference between 2017 and 2018 (LE COL) – HDD 

correction with 17 °C indoor temperature. 
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h  
as the decreased indoor air temperature after introducing the seri-

ous game. 

3.3. Domestic hot water (DHW) consumption 

The analysis of DHW consumption data was carried out for

those homes where more than 85% of daily consumption data was
vailable for the period 01.01.2017–30.06.2018 (LE COL: 19 homes,

PAC: 9 homes, VIGO: 14 homes). Altogether 42 homes were ana-

yzed. 

.3.1. DHW consumption profiles 

Annual specific DHW heat consumption for the selected 42

omes are presented in Fig. 19 in function of floor area. The
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Fig. 17. Average indoor temperatures in the heating seasons of 2017 and 2018 for 

different homes. 

Fig. 18. Daily average trend of hourly indoor temperatures in February 2017 and 

2018 in the analyzed homes. 

Fig. 19. Annual specific DHW heat consumption related to floor area (entire year 

2017) for different homes. 

Fig. 20. Average daily DHW heat consumptions per month related to annual aver- 

age of daily DHW heat consumption for different homes (incl. all three pilot areas). 
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pecific DHW consumptions of apartments were in the range of

–40 kWh/m 

2 year. The trend is slightly decreasing as a larger

partment does not necessary correspond to more occupants and

HW consumption strongly correlates with the number of occu-

ants. Average values for the three pilot areas and for all 42 homes

re in Table 5 . The corresponding domestic hot water demand is

stimated as well assuming 15 °C cold, 50 °C domestic hot water

emperatures. The values are given for two cases: for assumed

ystem efficiency of 100% and 90%. The annual total and specific

onsumption related to occupant number and related to floor area

re presented in further diagrams in the Appendix ( Figs. A3 –A5 ). 

Variations of daily consumptions of a home during a year or a

eek or any time period can be interpreted in an illustrative way

y comparing its daily values to its annual average consumption.

n Fig. 20 daily consumptions are compared to annual average on

 monthly basis (see also other representations of the results in

igs. A6 –A8 in Appendix ). Values above 1 mean higher, below 1

ean a lower monthly average daily consumption than the an-

ual daily average. The highest consumptions are in the winter pe-

iod, the lowest ones in the summer. Red spots show average con-

umption of all selected homes. The lowest consumption in June is

early the half (53%) of that in January. Between winter and sum-

er there is a monotonously increasing trend and the opposite in

utumn. The significant difference can be explained by a synergic

mpact of several reasons: 

• lower water consumption in summer due to shorter showers

(for comfort reasons) and vacations, 
• lower domestic hot water temperature set in summer for com-

fort reasons (in winter people prefer higher water tempera-

tures), 
• higher cold water temperature in summer than in winter due to

annual variation of soil temperature surrounding utility supply

pipes, 
• lower distribution and storage heat losses in summer than in

winter due to the lower temperature difference between do-

mestic hot water temperature and environmental temperature. 

The higher consumption in colder weather is also illustrated by

ig. 21 (see also Figs. A9 and A10 in Appendix ). The correlation co-

fficient is around 0.5 meaning a moderate, but clearly remarkable

elationship. 

As the Fig. 20 shows the monthly relative consumptions of Oc-

ober, November, April and May are very close to 1. It means that

nnual consumptions can be easily estimated from the consump-

ions of these months. Since heating is usually turned off in May

he consumption of May can be a good calculation basis for an-

ual DHW consumption even if DHW and heating is not measured
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Table 5 

Annual specific DHW heat consumption related to floor area (entire year 2017) – average for all selected homes. 

Annual DHW consumption per 

floor area [kWh/m 

2 year] 

Annual DHW consumption per 

occupant [kWh/occupant, year] 

Estimated average daily DHW 

consumption [liter/occupant] 

100% system efficiency 

Estimated average daily DHW 

consumption [liter/occupant] 

90% system efficiency 

LE COL 20.89 842 56.7 51.0 

OPAC 19.71 874 58.8 53.0 

VIGO 17.77 591 39.8 35.8 

All areas 20.10 742 49.9 44.9 

Fig. 21. Daily DHW heat consumptions of the average home in LE COL area in func- 

tion of external temperature. 

Fig. 22. Average daily DHW heat consumptions (for different days of the week) 

per month related to annual average of daily DHW heat consumption for different 

homes (incl. all three pilot areas). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 23. Hourly average DHW heat consumption on a relative scale (related to the 

average hourly consumption of the month) in an average day of 3–3 representative 

months of 2017 and 2018 for different homes. 

Fig. 24. Average DHW heat consumption in 2017 and in 2018 for different homes. 
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separately. With other words it is a more accurate approach to use

the consumption of May than using summer consumptions which

is the current practice. 

Fig. 22 presents the variations of daily consumptions during an

average week of the month for the different months. The consump-

tion variations between different days of the week are not signif-

icant and do not follow the same trend in the different months.

No significant difference can be detected between weekdays and

weekends, either. 

It is also interesting to analyses the daily hourly consumption

trends in an average day. Fig. 23 shows the average trends for the

average day of February, April and June in 2017 and 2018 (av-

erage of all analyzed homes). It should be noted that nearly all

homes are equipped by DHW storage tanks with electric heating.

The trends show the heat production and not the energy use. Heat

production is intensive after the tank is discharged, so peaks in

water demand should be before peaks in heat generation: in the
vening and in the morning hours as expected from the practice.

ertainly, off-peak electricity schedule may also play a role. It is

lso to be recognized that although the daily consumption depends

n the month, the hourly trends of a day are nearly the same in

he different months of the year. The daily consumption peaks are

round 1.00 pm and 2.00 am when off-peak tariffs are applied and

t is much higher than the nearly zero minimum consumption be-

ween 5.00 and 9.00 pm. 

.3.2. Domestic hot water (DHW) savings 

Fig. 24 compares DHW consumptions of periods January 2017–

une 2017 and January 2018 – June 2018 for each home. If a spot

s above the 45 ° line the consumption of the home was higher in

018 than in 2017. In average no notable decreasing or increasing

rend can be remarked, the situation is similar before and after pi-

ot action. Certainly some of the users’ consumption has decreased,

thers’ consumption has increased, but it would be so without any

ntervention. 
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Table 6 

Annual specific other electric consumption and average load related to floor area (entire year 2017) – average 

for all analyzed homes. 

Annual other electric 

consumption per floor area 

[kWh/m 

2 year] 

Annual other electric 

consumption per occupant 

[kWh/occupant, year] 

Annual average other 

electric load [W/m 

2 ] 

LE COL 53.86 1806 6.15 

OPAC 28.04 1437 3.20 

VIGO 24.06 836 2.75 

All areas 36.68 1318 4.19 

Fig. 25. Annual specific other electric energy consumption of all evaluated homes 

in function of heated floor area. 
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Fig. 26. Average daily other electric consumptions per month related to annual av- 

erage of daily consumption for different homes (incl. all three pilot areas). 
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.4. Other electric consumption 

Analysis of general (total) consumption data was carried out for

hose users where more than 85% of daily consumption data was

vailable for the period 01.01.2017–30.06.2018 (LE COL: 19 homes,

PAC: 11 homes, VIGO: 19 homes). Altogether 49 homes were an-

lyzed. 

Periodic (annual) consumptions were calculated from the aver-

ge of daily consumptions of days with valid data. The general con-

umption of apartments was in the range of 59–158 kWh/m 

2 year

ith one outstanding value of 268 kWh/m 

2 year. 

Other consumption means consumption of all electric devices

sed in the home excluding heating and DHW production. It was

etermined as the difference of measured general consumption

nd heating + DHW consumption. 

.4.1. Other electric consumption profiles 

Other electric consumption was in the range of 59–

7 kWh/m 

2 year with one outstanding value of 197 kWh/m 

2 year

 Fig. 25 ). A decreasing trend can be recognized with slight cor-

elation with floor area, because a part of the consumption is

ot necessarily proportional with the size of the apartment (e.g.

sually one fridge is enough even in a large apartment). 

Average consumption values for the three pilot areas and for

ll 49 homes are in Table 6 . In addition to the annual consump-

ion the table gives average electric loads that can be taken into

onsideration in energy performance calculations as a part of the

nternal heat loads. 

Other electric consumption results show similar characteristics

s domestic hot water consumption. In Fig. 26 daily consumptions

re compared to annual average on a monthly basis (see also other

epresentations of the results in Figs. A11 and A12 in Appendix ).

imilarly to DHW, the highest consumptions are in the winter pe-

iod, the lowest ones in summer. The lowest consumption in June

s less than the half (47%) of that in January. Between winter and

ummer there is a monotonously increasing trend and the oppo-
ite in autumn. The significant difference can be explained by a

ynergic impact of several reasons: 

• longer daily demand for artificial lighting in winter, 
• less time spent outside in winter than in summer and thus

more frequent use of entertaining devices (e.g. TV, tablet), 
• different cooking habits between summer and winter, 
• different washing, ironing and mechanical drying habits (less

clothes) in summer and winter, 
• further devices used in winter conditions more frequently or

exclusively (e.g. air humidifier device, hair dryer) 
• in the majority of the apartments there was no mechanical

cooling that could increase consumption is summer. 

As the Fig. 20 shows the monthly relative consumptions of

ovember and March are very close to 1. It means that annual con-

umptions can be easily estimated from the consumptions of these

onths. 

The hourly consumption trend in an average day is also worth

iscussing. Fig. 27 shows the average trends for the average day of

ebruary, April and June in 2017 and 2018 (average of all analyzed

omes). It can be recognized that although the daily consumption

epends on the month, the hourly trends of a day are nearly the

ame in the different months of the year. The daily peak consump-

ion is at 7.00 p.m. and it is twice as high as the minimum con-

umption at 2.00 a.m. 

.4.2. Other electric consumption savings 

Fig. 28 compares other electric consumptions of periods January

017 – June 2017 and January 2018 – June 2018 for each home (ex-

luding outstanding values for a better representation). If a spot is

bove the 45 ° line the consumption of the home was higher in

018 than in 2017. In average no notable decreasing or increasing

rend can be remarked, the situation is similar before and after pi-

ot action. Certainly some of the users’ consumption has decreased,

thers’ consumption has increased, but it would be like that with-

ut any intervention. 
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Fig. 27. Hourly average other electric consumptions on a relative scale (related to 

the average hourly consumption of the month) in an average day of 3–3 represen- 

tative months of 2017 and 2018 for different homes. 

Fig. 28. Average other electric consumption in 2017 and in 2018 for different 

homes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 29. Results of the questionnaire, 2018. 

Fig. 30. Results of the questionnaire, 2018. 

Fig. 31. Results of the questionnaire, 2018. 
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3.5. Environmental awareness survey results 

In the questionnaire occupants were asked about the indoor

air temperature during the heating season. The results showed a

rather high level of energy awareness in this issue already in 2017,

almost 70% of tenants thought they keep the temperature below

20 ° or even lower. 28% (Spain) and 43% (France) said that the tem-

perature was between 17 and 19 °. These statements were justified

by the monitoring data of indoor temperatures (see Fig. 17 ). 

In the followings, statements are based on the survey carried

out in Spain, because as explained before, too small number of oc-

cupants filled the questionnaire in France. Fig. 29 provides infor-

mation about heating control habits: 73% of the homes have and

regularly use a thermostat for heating setting different tempera-

ture for day and night. These users are able to save energy by set-

ting the temperature. As explained in chapter 3.2 some tempera-

ture decrease was experienced as a result of the pilot action thanks

to these occupants. A smaller group of the homes (18%) do have a

thermostat but do not use it and a minority doesn’t have or does

not know if they have a thermostat or not (9%). 
About domestic hot water using habits significant changes can

e reported based on the survey: 54% of the homes claimed to

ave changed their habits in a positive way and only 3% of Span-

sh users think that their consumption has increased. In most cases

hey rather take a shower than a bath and 15% of the homes set

omestic hot water temperature lower than earlier ( Fig. 30 ). 

In vacation periods the picture is also slightly better. One third

f the homes did not do anything about the domestic hot water

ystem when going to vacation in 2017. In 2018 the share was 42%.

ore people said to turn off the domestic hot water system in

018 than in 2017 ( Fig. 31 ). 

Another positive change is the increased proportion of appli-

nces with energy class A or better. In 2017 it was 41% only, in

018 it increased to 64%. When buying a new appliance, 97% would
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Fig. 32. Results of the questionnaire, 2018. 
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uy a class A or better unit (93% in 2017). ( Figs. A13 and A14 in

ppendix ) 

Many occupants learned the importance of hidden consumption

ecause more occupants knew what hidden consumption means in

018 than before (74% in 2017, 88% in 2018; Fig. A15 in Appendix ).

ajority of occupants make efforts to reduce hidden consumption

61% in 2018; 39% in 2017; Fig. A16 in Appendix ). 

There is a clear improvement in case of lighting systems. In

017 only 60% of interviewed homes had efficient lighting from

hat 30% was LED. In 2018 the numbers increased to 81% and 36%

 Fig. 32 ). 

To conclude, the energy awareness surveys show certain im-

rovement in most areas even if analysis of monitored data could

ot always justify all impact of behavioral changes. 

. Conclusion 

The first objective of the research was to analyze the energy

onsumption habits and trends of occupants in nearly 50 homes in

rance and Spain. The second objective was to determine the im-

act on energy consumption of a serious game developed within

he Horizon 2020 Greenplay project. The main findings on con-

umption habits and trends can be summed up as follows: 

• Monitoring indoor temperature is a simpler, more cost effective

and from certain aspects more reliable way to analyze behav-

ioral change with regard to the use of heating systems than

monitoring energy consumption although it doesn’t reflect all

behavioral aspects. 
• Annual specific average consumption figures have been deter-

mined for DHW and for other electric consumption per floor

area unit and per occupants’ number. Mean values for inter-

nal heat loads related to other electricity were also determined.

These results can give a contribution to current knowledge for

energy performance calculations and consumption projections.

Such values are available from previous research works, but not

for these regions and not for 2017–18. As consumption habits

are quickly changing during the years, up-to-date results have

a significant importance. 
• Annual domestic hot water and other electric energy con-

sumption trends have been determined and it was proven that

consumption is approximately twice as high in January than

during the summer months for both consumption types. In

addition, it has been found that annual consumption figures

can be easily estimated from the monthly consumption values

of October, November, April or May for DHW and that of

November or March for other electricity. 
• The impact of occupants’ number on the DHW and other elec-

tric consumptions have been analyzed and numeric results have

been elaborated (in Appendix only). 
• It has been justified that there is no significant difference be-

tween the daily DHW consumption of the homes during the

week, even between weekdays and weekends. 
• Hourly trends of DHW and other electric consumptions have

been determined during an average day and trends (shapes

of the curves) proved to be nearly the same in the different

months of the year. 

With regards to the second objective of the work we can con-

lude that saving energy with a serious game initiating behavioral

hange could not be achieved and justified, but some positive el-

ments could be found. Although no energy saving could be de-

ected in heating energy consumption in absolute terms, it was

roven that users have decreased their indoor air temperature dur-

ng heating season showing that they made the necessary effort on

ehavioral side. The decreased temperatures correspond to a the-

retical energy savings 4.6% for LE COL, 1.9% for OPAC and 10.4%

or Vigo. In spite of that, the mean heating energy consumption

id not decrease. It can be explained by the impact of indepen-

ent variables other than occupants’ behavior (such as heat flow

rom/to neighboring apartments or changes in meteorological fac-

ors other than temperature, like wind, solar yield, etc.) that could

ot be monitored within the scope of the research. 

In domestic hot water consumption no notable decreasing or

ncreasing trend could be recognized, the situation was similar be-

ore and after starting the pilot action. Certainly some of the users’

onsumption has decreased, others’ consumption has increased,

ut it would have been so without any intervention. However, in

he survey, 54% of homes claimed that they have changed their

HW using habits in a positive way and only 3% of the occupants

hought that their consumption had increased. In most cases they

ake more often a shower than a bath compared to the situation

efore the pilot action. Furthermore, 15% of the homes claimed

hat they had set lower domestic hot water temperatures than ear-

ier. 

With regards to other electric consumption no notable decreas-

ng or increasing trend could be detected either, the situation was

imilar before and after starting the pilot action. However, the sur-

ey showed some important behavioral improvements particularly

or homes. One positive change to mention is the increased pro-

ortion of appliances with energy class A or better. In 2017 it was

1% only, in 2018 it increased to 64%. When buying a new appli-

nce, 97% would buy a class A or better device, 4% more than in

017. 

There is a clear improvement in case of lighting systems. In

017 only 60% of the homes had efficient lighting, and from that

0% was LED. In 2018 the numbers increased to 81% and 36%. 

The mentioned positive impacts can only partly be explained

y the use of Apolis Planeta as the number of connections to the

ame was fairly moderate and most of the connections were as-

ociated to a low number of homes. Probably the use of E-Green

latform, the regular communication with the dwellers and the

act of being monitored and interviewed also had certain influence

n the consumption. It is not possible to clearly separate the im-

act of these factors, but we made an attempt. From the most ac-

ive 17 homes a core team has been established and these homes

ecame subject to a further analysis. In spite of some difficulties

t was clearly proven that there is a notable energy saving for the

ajority of the core team homes in other electric consumption. In

omestic hot water consumption savings could not be justified be-

ause of the too high influence of other independent factors. 



16 T. Csoknyai, J. Legardeur and A .A . Akle et al. / Energy & Buildings 196 (2019) 1–20 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5

c

 

t  

i  

b  

c  

d

 

b  

g  

s  

t  

v  

u

5

 

t  

n  

t  

c  

n  

i  

i  

y  

t  

a  

e  

w

5

 

t  

s  

h  

c  

i  

fi  

p  

d

A

 

a  

m  

a  

p  

a  

2  

f  

c

 

e  

H  

M  

B  

m  

i  

(  

f  

H

5. Recommendations 

The following recommendations are based on the lessons

learned during project implementation and are addressed for

the next research and demonstration projects concerning energy

reduction involving behavior-influencing experimentations with

households. 

5.1. Recommendations concerning households recruitment phase 

During the project we noticed that the user’s identification and

recruitment phases are very important for the results of the ex-

perimentation. In our case, we performed the user’s recruitment

phase using 2 different approaches in France and Spain in order to

find people interested to be involved in our experimentation: 

We used a bottom up approach (lead by one of the Spanish

partner of the consortium) that had made large public dissemina-

tion at the beginning of the project: flyer distribution in supermar-

kets, door to door campaign, presentation to neighborhood associ-

ations and schools and media dissemination on public totems and

bus stations. 

We also used a more “top down approach” especially in France

were the recruitment phase was mainly performed by 2 social

lessors (involved as subcontractors). They were in charge to com-

municate and propose to their home occupants to be involved in

the experimentation. 

Regarding the results of the experimentation, we noticed that

the users recruited from the bottom up approach were more em-

powered and engaged in the experimentation. At the opposite,

some French users (involved by the social lessors) had appeared

to be not interested or sometimes not really aware of the experi-

mentation and few of them were even edgy. We think that this sit-

uation came from the fact that the relation between social lessors

and their tenants is not neutral and objective and can change or

jeopardize the implication of the users in the experimentation. 

We recommend to use a bottom up approach for the recruit-

ment of users and volunteers in this type of experimentation and

not involved social lessors as subcontractors. However, both ap-

proaches can be very time consuming, the selection of users and

the installation of the sensors in the selected homes can take more

than one year. Considering that at the monitoring phase it is rec-

ommended to take at least two entire years it means that the

whole research should be planned for minimum 3.5–4 years. 

5.2. Recommendation concerning the creation of a core users test 

group 

In order to foster an agile process, during the recruitment

phase, it is recommended to identify and select a restricted core

user test group in order to proceed to the beta tests without in-

volving all the others users. These specific users will be selected

(approximately 10% of all the users) regarding their profile of early

adopters, ability to provide feedback, and tolerance to accept minor

or major bugs concerning the development of the system. 

5.3. Recommendation concerning the number of users to involved in 

the experimentation 

In case of installation of hardware or software for the experi-

mentation involving users, we recommend to anticipate the num-

ber of disclaimer or detraction of users due to move in homes,

technical compatibility issues.. In our case, during the GreenPlay

experience, only 50% of the 150 equipped users were able to take

part into the whole experimentation. 
.4. Recommendation concerning the time and resources for the 

ommunication actions with the users 

During the design of the new system and its experimentation,

he communication with the different users based on the monitor-

ng and the day-to-day analysis of the users’ behavior is essential

ut very time-consuming. We recommend to adapt the effort ac-

ording to an agile process in order to take into account of the

iversity of the users’ profile and expectations. 

It is recommended to adapt the effort and the communication

y framing the sample of users and divide them into different

roup categories according to their interactions with the proposed

olution. For example, during the GreenPlay experimentation we

ried to have a dynamic ranking of users in different category: ad-

anced user group, early majority, late majority and non-engaged

sers. 

.5. Recommendations concerning monitoring of energy consumption 

In case of apartments the impact of factors other than outdoor

emperature and occupants’ behavior (such as heat flow from/to

eighboring apartments or changes in meteorological factors other

han temperature like wind, solar yield, etc.) are significant that

ould not be monitored within the frame of the project. We do

ot think it would be reasonable to monitor all such parameters

n another similar project, but we recommend to ensure the mon-

toring periods before and after the action to minimum 1–1 whole

ear (ideally we would recommend 3–3 years). Control and main-

enance of monitoring sensors during the experimentation is also

n important, but resource consuming and sensitive issue as such

xternal interactions might have a negative effect of occupants’

illingness on participation. 

.6. Recommendation concerning the platform configuration 

If the objective of the project is to use a gamification solution

o stimulate users’ behavior, we recommend to develop an open

olution (instead of proprietary one) in order to invite other stake-

olders to develop new propositions (others games, sensors..) that

ould be connected to the developed solution. It was noticed that

t is difficult to design a unique game or gamification solution to

t with the diversity of profiles (parents, children and elderly peo-

le). So it is better to provide a range of games to fit with these

ifferent publics. 
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ppendix 
. 

ig. A1. Difference of average weekly energy consumption between 2017 and 2018 

n function of indoor temperature difference between 2017 and 2018 (OPAC). 

ig. A2. Difference of average weekly energy consumption between 2017 and 2018 

n function of indoor temperature difference between 2017 and 2018 (LE COL). 

ig. A3. Annual DHW heat consumption per number of occupants (entire year 

017) for different homes (incl. all three pilot areas). 

Fig. A4. Annual DHW heat consumption per m 

2 floor area and number of occu- 

pants (entire year 2017) for different homes (incl. all three pilot areas). 

Fig. A5. Annual DHW heat consumption per m 

2 floor area in function of occupants’ 

number (entire year 2017) for different homes (incl. all three pilot areas). 

Fig. A6. Average daily specific DHW heat consumptions per month during 2017 for 

different homes (incl. all three pilot areas). 

http://dx.doi.org/10.13039/100009567
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Fig. A7. Average daily specific DHW heat consumptions per month during 2017 for 

different homes (related to floor area unit - incl. all three pilot areas). (For interpre- 

tation of the references to color in this figure legend, the reader is referred to the 

web version of this article.) 

Fig. A8. Average daily specific DHW heat consumptions per month related to num- 

ber of occupants during 2017 for different homes (incl. all three pilot areas). (For 

interpretation of the references to color in this figure legend, the reader is referred 

to the web version of this article.) 

Fig. A9. Daily DHW heat consumptions of the average home in OPAC area in func- 

tion of external temperature. 

Fig. A10. Daily DHW heat consumptions of the average home in VIGO area in func- 

tion of external temperature. 

Fig. A11. Other annual electric consumption per floor area in function of occupants’ 

number in the homes (incl. all evaluated homes). 

Fig. A12. Other annual electric consumption per occupant and floor area in func- 

tion of number of occupants in the home (incl. all evaluated homes). 
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Fig. A13. Results of the questionnaire 2018. 

Fig. A14. Results of the questionnaire 2018. 

Fig. A15. Results of the questionnaire, 2018. 

Fig. A16. Results of the questionnaire, 2018. 

Fig. A17. Results of the questionnaire, 2018. 
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