
Abstract 

It is now fully acknowledged that one of the priorities to deal with energetic and environmental challenges and to 

reach an important decrease on energy consumption is to improve energy management in the building 

(residential and service) sector. To reduce energy consumption in the built environment, and besides for 

optimizing the building envelope and improving the overall management of building equipments and systems, 

the building energy consumption by users and the impact of use and occupancy are critical aspects. This article 

focuses on approaches to make people aware of the importance of saving energy, and introduces to the 

“EcOffices” energy challenge, a competition for saving energy in office buildings by change of behavior, based 

on a comprehensive use of ICT and including an advanced usage analysis on the acquisition of eco-friendly 

behaviors generated by this type of challenge. 

Keywords: Energy awareness, Energy metering, Eco-behavior, ICT (Information and Communication 

Technologies). 

1 Introduction 

In a world where economic, energetic and environmental challenges increase (energetic safety, 

reorganization of world‟s growth, climate change, etc.), there is an obvious need to deliver innovation 

solutions allowing to limit CO2 emission and energy consumption, and meet targets identified by key 

societal challenges, e.g. the “20-20-20 objectives” (20% reduction in emissions, 20% renewable 

energies and 20% improvement in energy efficiency by 2020) set by the European Commission. 

 

Among central targets is the priority to reach an important decrease on energy consumption in 

buildings: the sector, that includes residential sector and service sector, is responsible for around 25% 

of CO2 emission, and represents 35% of energy consumption in Europe, as buildings consume a lot of 

energy especially for ambient and hot water heating. It is therefore necessary to reduce energy 

consumption particularly in the built environment. From a technical point of view, and referring, as an 

example, to the recast of the Energy Performance of Buildings Directive (2010/31/EU) there is clear 

requirements in terms of energy efficiency for new and retrofitted buildings, more precisely: 

 existing buildings, building units and building elements that are subject to major renovation;  

 building elements that form part of the building envelope and that have a significant impact on the 

energy performance of the building envelope when they are retrofitted or replaced; and  

 technical building systems whenever they are installed, replaced or upgraded. 

 
But besides tangible technical improvements that achievable today, typically at level of building 

envelopes and systems that equipped offices and dwellings, and current experimental projects focusing 

on the development and deployment of integrated and holistic energy management systems allowing 

advanced control in buildings enabled by advances in ICT, the impact of use and occupancy is today 
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recognised as critical: various surveys highlight the importance of getting feedback on building‟s 

energy consumption by users, who for most of them do not exactly know what they consume, and 

therefore this is considered as a complementary research path to be further developed. 

2 Context 

The importance of user awareness in the context of energy-efficient buildings has been described in 

the REEB roadmap [1] [2], with the expectation of visualization of energy use (and the requirement 

for research to be further continued, especially through multidisciplinary pilot projects involving 

experts in mobility, user interfaces, sociologists, designers, etc., so as to work on energy efficiency 

incentives and adequate energy visualization presentations, as well as the need for behavioral change 

thanks to intuitive feedback given to users and operators on real time energy consumption and pricing, 

enabling them to optimize the control of the building and their usage behavior. 

 

Indeed, users nowadays do not exactly know what they consume. A survey [3], made by the Oxford‟s 

University Environmental Change Institute, highlighted the importance of getting feedback on 

building‟s energy consumption. Smart meters are advanced energy meters that record electricity, water 

or gas usage in real time and that communicate the information to the utility. Dedicated user interfaces 

can be associated to these meters, so as to propose a service to the end-users (the occupant) to 

influence their behavior: this is the „energy awareness‟ concept.  

 

Another interesting approach to make people aware of the importance of saving energy is to create a 

„competition‟ framework, and it is worth noticing that several energy efficiency challenges were 

initiated in Europe in a recent past – e.g. the “Energy Trophy” as a competition for saving energy in 

office buildings by change of behavior, between several companies in Europe, but with no 

implementation of ICT technology for this contest, or the “Challenge Energie” organized by the city 

of Brussels in February 2009 as a challenge between tenants to encourage them using gas, electricity 

and water more efficiently. 

 

Relying on those approaches of „energy awareness‟ and „competition‟, the ECOFFICES (Energy 

Challenge within Offices) project proposes a new challenge for saving energy in office buildings in the 

form of a game. More precisely, the ECOFFICES experiment is an energy competition between 

employees taking place in a building located in the Sophia Antipolis business park, and combines 

advanced energy metering, energy awareness and benchmarking to create an incentive scheme for 

energy savings. The contest is raising a high stimulation level by rewarding eco-friendly energy 

behavior. This challenge is different from the others since it makes a comprehensive use of ICT and 

includes an advanced usage analysis on the acquisition of eco-friendly behaviors generated by the 

challenge. It implements mart meters as advanced energy meters that record electricity, water or gas 

usage in real time and that communicate the information to the utility, and dedicated user interfaces 

can be associated to these meters, so as to propose a service to the end-users (the occupant) to 

influence their behavior. 

 

The paper elaborates on the challenge methodology/protocol, and its technological infrastructure, 

presenting both technical (energy savings, installation, reliability, etc.), socio-economic and behavioral 

(user acceptance, etc.) approaches. ECOFFICES is a „PACA Labs‟ project and involves four partners 

(OSMOSE, CSTB, INRIA and CASA) in the Provence-Alpes-Côte d‟Azur region. It started on 

September 2010 and ended on November 2011. 

3 Methodology and protocol of the energy challenge 

The ECOFFICES challenge, which was supposed to be a win/win situation for both the company and 

its employees, took place in a single company and the 47 challengers were divided into 3 teams of 

around 15 employees located in 3 different wings of the building. Each office was equipped with a 

network of sensors, each participant had access to the follow-up user interface when it became 



available and they were all aware of the game' rules. The prize that the challengers competed for was a 

team building activity, namely going out at sea looking for dolphins and having lunch together. The 

challenge had 3 main objectives: 

 Measuring energy consumption savings realized by a collective regulation action,  

 Increasing  participants awareness of the effects that daily use of office equipments has on energy 

consumption 

 Improving their sustainable use of offices equipments.  

 

In spite of office instrumentation, a detailed metrology was not possible for technical reasons, and it 

was not an easy task to link directly the employees‟ behaviors to the building‟s energy consumption 

measurement. Another notation system based on good / bad practices was then looked for, and a 

"bonus/malus" qualification system was finally adopted. In this notation system, appropriate energy 

saving behavior gave "bonus" (positive marks) and bad practices that increase consumption gave 

"malus" (negative marks). The user interface allowed the challengers to have a precise feed-back of 

their bonus or malus status (for instance keeping their door open when using air conditioned, or not 

switching off the light when leaving at night) and it helped them to understand which energy-

consuming practices they had to change. 

 

After a completion of the prototype  (technical and end-users interfaces, data gathering for recognizing 

behaviors) and the instrumentation of all the offices (phase 0), the experimental protocol of the 

ECOFFICES project consisted of 3 successive phases designed to allow comparison of competitors' 

behaviours before, during and after the challenge: 

 

 Phase 1: Bench test without challenge (consumption reference). During this 18 weeks lasting 

phase, in each office equipped with sensors data consumption and behaviours have been recorded 

for defining a consumption reference.  

 

 Phase 2: Bench test with challenge. To reveal the impact of consumption awareness upon 

behavioral changes, this phase was divided in 2 periods of 3 weeks each. During the first one, no 

feedback was provided to challengers and the user interface became available during the second 

period.  

 

 Phase 3: Bench test without challenge (appropriation of good practices). During 4 weeks after 

the challenge ending, we kept recording data and the follow-up interface was still available for each 

participant, of course, without any comparisons of the team‟s consumptions. It was expected that it 

would allow knowing if people have adopted new behaviors or if they go back to their previous 

behaviors and if they still have a look on their consumption.  

4 Technical infrastructure and integration of the pilot 

The global technical infrastructure (Figure 1) set up for the challenge allows collecting and analyzing 

data within the pilot building related to both energy consumption and challengers behavior within their 

office rooms.  

 



Figure 1 - Global technical infrastructure for the challenge 

 
The solution includes the main following components:  

 

 The data concentrator “CSTBox” linked to radio-frequency sensors 
36 offices rooms  within the pilot building have been equipped, representing more than 400 sensors 

deployed all over the building: opening conditions, indoor/outdoor temperature, usage of office 

equipments, lighting/brightness sensor, motion sensors for each employee, use of heater/air-

conditioner, electricity sub-metering for each team. The 49 participating employees have been spread 

on 3 teams, according to the building configuration, and one CSTBox per team has been installed.  

 

The CSTBox implements an OSGI - Open Services Gateway Initiative - platform. It allows the remote 

communication with the sensors – including a check of radio reception‟s quality and load of batteries - 

data storage and pre-processing. 

 

 The server for data analysis and treatment 
Raw data gathered into the CSTBox are then compressed and sent to a central FTP server.  SQL 

treatments and C# filters are then executed in order to allow the smoothing of data by using an 

adequate time interval (every quarter of an hour), the measurement of energy consumptions, 

calculation of energy wastage, and determination of the number of bonuses and malus. 

 

 The Energy awareness web interfaces 

The interfaces are generated through SQL queries encapsulated within php code towards the database. 

They are accessible by the challengers through the project portal www.ecoffices.com with a dedicated 

login and password, and give access to tailored information classified in 3 different sections: 

Interface section Content 

Challenger information  My energy consumption;  

 My own bonus/malus (doors, windows, comfort, movement, 

night). 

Team information  Energy consumption (total and by consumption item – Figure 

2) of the team I belong to; 
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Text file 
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Figure 2 - Energy consumption by item in kWh for the last 7 days (Team 1) 

 
 

 
Figure 3 - Bonus/malus counter since the beginning of the challenge (Team 3) 

 
 

 
Figure 4 - Current ranking, savings and wastage comparisons 

 Bonus/malus (Figure 3) of the team I belong to; 

 My own ranking within the team. 

Challenge information  Graphs to compare the teams according to their energy 

consumption, wastage, bonus/malus, current ranking (Figure 4) 

and history since the beginning of the challenge. 



5 Socio-economic and behavioral results 

Data analysis relies on a combination of qualitative analysis (2 questionnaires and 3 interview 

sessions) and three quantitative analysis  (clustering of offices according to 9 temperature measures,  

analysis of the office equipments use according to the previous clustering, Web logs navigation on the 

user interface). Comparison based on quantitative analysis was not easy because the two periods 

(before and after challenge) were quite different considering their lasting and the season. The phase 1 

before the challenge was divided in two periods, depending if heating was used (called P1-heating) or 

not (P1). Starting in February 1st, the challenge ended in September 30 (noted P2) with a post 

challenge phase lasting only one month (noted P3 in Figure 6).  

 

We used 9995 statistical units (office,day) based on 37 offices. Figure 5 shows the impact of the 

challenge and the good performance in terms of bonus (13,99, mainly on Comfort) and malus (6,36  

mainly on Night). 

 

Team 

Bonus Malus 

Units Door Window Comfort Movmt. Night ∑ Door Window Comfort Movmt night ∑ 

P1-
heating 0,02 0,45 0,63 3,78 1,88 6,75 6,62 3,96 11,08 12,96 3,46 38,07 3118 

P1 - no 
heating 0 0 2,64 3,47 1,81 7,92 0,26 0,09 0,09 5,94 0,96 7,35 1536 

P2 0,02 0 7,44 4,11 2,42 13,99 0,6 0,42 0,06 4,48 0,79 6,36 4211 

P3 0,01 0 2,01 4,02 2,14 8,18 0,63 0,01 0,72 5,31 0,95 7,61 1130 

 

Table 1 - Average by (office,day) of Bonus/Malus and phase 

 

Figure 6 summarizes the bonus and malus behavior of each teams (named Aïoli, B.E.A.R and 

Geekwing) for the four periods. It can be noticed that, contrary to the two other teams, Geekwing was 

successful in slightly reducing its malus from the challenge phase (P2) until the post-challenge (P3) 

and has not a steep slope after the challenge for the bonus. 
 

 
(a)                                                     (b) 

Figure 5 - Average of bonus (a) and malus (b) for the three teams by period 

 

The Web logs analysis showed only few visits of the user interface proposed to the challengers, this 

was probably due to the unchanged score of the three teams during the whole challenge. The 

questionnaire had 14 questions and 4 topics: 2 questions about personal attitudes towards ecology, 5 

concerning ecological behavior and consumption knowledge at home, 4 about use of equipments at 

office and 3 about expectation with the challenge (savings, behavioral changes…). 
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Within the behavioral analysis based on qualitative data, we considered 3 main points: challenge 

acceptance, perception of the challenge usefulness and sustainability of eco-behavior.  

 

Concerning challenge acceptance, the global of acceptance rate is rather high (95%), as only 3 of the 

53 appealed people didn't accept to participate. In addition, 100% of the challengers answered the first 

questionnaire and 82% to the second one, showing that most of them maintain interest to the very end.  

 

The participants perception of challenge usefulness, that is the perception of office instrumentation as 

a lever for adopting ecological behaviour has been assessed through the comparison of the answers 

given before and after the challenge about four topics : their  interest for ecological questions, their 

ecological behaviours at home / at office and their opinion about easiness of savings for different 

office equipment. 

 
The challenge taking place within an enterprise focusing of energy consumption of buildings, most of 

challengers had a high concern for ecological questions and (hopefully) there was no decrease of 

interest when the challenge ended. The competition didn't give rise to new ecological behaviour at 

home but at office, new saving behaviors have been mentioned, in line with quantitative analysis (cf. 

Table 1). Figures 6 and 7 illustrate some of these changes : 

 

 
Figure 6: Improvement of air con management Figure 7: Improvement of computer management 

 

During the challenge, people tend towards switching off air con when going out their office (see bonus 

comfort), and they closed their door if air con was on. They also switch off their computer when 

leaving for a long time (which is scored inside bonus night), and also the light if they were out for a 

short time (which is included in movement bonus).  But the most questioning result concerns evolution 

of opinion about sustainability of new eco-behaviour. The guess was rather optimistic at the beginning 

of the challenge as 40% of participants expecting their durability. They were no more than 25% to 

believe so after the challenge.  

6 Conclusion and future perspective 

The research and experimentation achieved in the ECOFFICES project and challenge are basically in 

terms of integration of various sensors and the CSTBox framework in a building, developing the 

analysis of information gathered, building up the various interfaces for the users, and providing with 

tangible socio-economic and behavioral studies on the ECOFFICES concept. 

 

Integrating various technologies (especially ICT ones, including sensors, actuators, a framework like 

the CSTBox, along with embedded software for information gathering and analysis on-the-fly) is of 

course not at all the ultimate objective: all devices and software dealing with  information have the 

essential role of assembling the adequate information, and further display it in an easy and seamless 

interfacing, and further allow to take the appropriate decision in terms of its own behavior. To achieve 

such a goal in a successful way, technologies like ICT must have to be combined in an optimized way, 

with the right level of information and privacy, forming the ground the appropriate level of expected 

services: the ECOFFICES experimentation has allowed to identify the appropriate deployment of 



sensors and CSTBoxes considering the topology of the building considered (CSTB premises), as well 

to develop a right organization of the information system to take benefits at best of collected data: at 

that stage, quite of number of learnings has been achieved, with a detailed study  of all the material 

used (relevant sensors to be used,  CSTBox framework), survey of information to be managed (energy 

consuming referential computation, list of bonus/malus rules, data gathering), and a lot at level of the 

identification of (energy) display design and user interfaces. 

 

Managing such a challenge requires to be very careful with the information to be collected, as well as 

the way this information is collected, filtered, analyzed and further distributed, establishing a cleaver 

link between this information and the users. Combining the information network with the energy 

managed and the user awareness is forming the basis of future optimization of energy consumption in 

the built environment – also providing a mean to the user to be an active (if not central protagonist of 

energy efficiency in buildings. Future perspective of this work is to be considered at 2 levels: 

 The re-deployment of such experimentation in various different cases of office buildings – 

potentially identifying general rules for replication, as well as specific parameters that are to be 

calibrated for each new deployment; 

 The generalization of such an approach, in contexts that are different from the office building 

sector, as the residential one typically: this is why, still supported by the French PACA region and 

the FEDER, a new project has started, called EcoFamilies [4], the objective of which is prototype 

and test an innovative solution supporting eco-responsible behaviors within families, with the users 

being at a central stand thanks to a co-design approach that will that embrace social science, 

contextual factors, usability, and interaction design research. 
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