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Abstract— Ener-SCAPE is a novel work in progress software 

framework made up of a persuasive game, a graphical 

interface to monitor energy usage and a tool for social 

interaction, which aims to improve the energy consumption 

awareness of its users at home as well as in the workplace. The 

game uses a common “escape room” game approach, tailoring 

the game archetype to focus on energy efficiency and energy 

consumption awareness. The monitoring interface allows the 

users to monitor some predefined energy efficiency indexes. 

The tool for social integration helps users to build social 

awareness.  Users play the game by trying to exit from a 

virtual home or office by solving energy puzzles, working to 

improve their energy savings in their real environment, and 

sharing their acquired knowledge and experiences. Ener-

SCAPE implements a unique feedback mechanism based on 

real energy consumption that leads consumers to apply what 

they have learned from the virtual reality of the game into 

their daily real lives. An important aspect of this work is that it 

merges different elements, which emerged as successful in 

achieving improved energy awareness, i.e., feedback 

mechanisms, serious games and social interaction. 

Keywords-energy awareness; serious game; educational 

game; escape room game; energy efficiency; feedback 

mechanism; social network interaction. 

I. INTRODUCTION 

This work is the extension of a study [1] that presents the 
design of a novel application and related underlying software 
framework whose main aim is to decrease the energy 
consumption levels both at home and in the office by 
increasing the consumption awareness of energy users. With 
respect to the previous study, this work presents an expanded 
literature review, the software framework is described in 
depth, the business model for the possible development of 
Ener-SCAPE as a product to market is showed, and 
suggestions for future works are presented. The main target 
of both works is reducing energy consumption caused 
through or careless energy use.  

Energy consumption is steadily increasing worldwide, 
despite mitigation efforts, particularly in those countries that 
are experiencing a great economic growth. This is a global 
issue for environmental protection, as well as an economic 
and political issue, for countries that depend on foreign 
energy suppliers. 

Many solutions are being proposed and implemented in 
order to address increasing energy consumption, such as 
incentives for renewable energy sources, new technologies 
for highly efficient buildings, new technologies for more 
efficient appliances, and more sustainable transportation.  

People consume energy every day, not only for their 
basic needs, but also for making their lives more enjoyable, 
comfortable and improving their standard of living. Thus, if 
people are not driven to save energy and encouraged to 
improve their energy consumption behaviour in their 
everyday lives, lifestyle choices may frustrate savings 
coming from aforementioned engineering solutions 
[1][2][3]. Despite efforts to improve energy efficiency, the 
aggregate energy consumption behaviour in the 
transportation and residential sectors is responsible for a 
significant percentage of the overall energy consumption 
worldwide. Studies conducted in various countries have 
concluded that 26% to 36% of residential energy 
consumption is a result of household behaviour [2]. For 
example, behavioural change in the use of standby 
equipment can lead to energy saving up to 35% [4]. For this 
reason, the energy policy adopted by many countries is 
focused on Energy Consumption Awareness (ECA). The 
main factors that may influence energy consumption 
behaviours of citizens are environmental education, real 
time control of energy consumption, involvement of young 
people, and overall greater energy consumption awareness. 
Thus, ECA policies can be strategic for energy consumption 
reductions. 

With the growing number of products and devices in 
homes and offices, keeping up-to-date with energy efficiency 
measures may be a difficult task. However, as more devices 
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are able to communicate with each other, consumers will be 
able to look for more innovative and accessible ways to 
manage and learn about energy efficiency. Nevertheless, this 
kind of knowledge is a necessary but not sufficient condition 
for energy saving [5]. Indeed, studies generally demonstrate 
that information can increase knowledge, but has minimal 
effects on behaviour [6]. In order to reach significant 
savings, knowledge must be associated with energy 
awareness, motivational factors (such as curiosity), cost 
considerations, and willingness [7]. As a consequence, 
citizens should be "energy aware" in order to change their 
behaviour and save energy. 

Behaviours improving energy efficiency are generally 
seen as factors reducing comfort. Actually, this is a 
misconception and people do not have to give up activities 
or their standard of living to save energy. On the contrary, 
new technologies and more effective behaviour will allow 
citizens to do more: improving their living conditions 
without compromising their standards. Furthermore, energy 
efficiency improvement can also  lead to lower costs and 
greater sustainability, which is another important 
opportunity to stimulate economic growth. 

This work aims to complement and build upon current 
initiatives. The goal of the novel proposed application is to 
improve the energy consumption awareness of people both 
at home and in the office, by employing three features: (i) a 
well-known and successful game model, (ii) a real-time 
intuitive feedback on consumption and (iii) a close 
collaboration with other players/consumers. 

In Section II, the state of the art on feedback impacts, 
persuasive games, and social interaction on energy 
awareness is reported. In Section III, the different Ener-
SCAPE applications are fully described. In Section IV, the 
scheduled experimentation plan is described. In Section V, 
the business model is explained. In Section VI, the 
conclusion and details of future works are given.  

II. LITERATURE REVIEW 

In the last few years several institutions, including the 
European Union (EU), have become increasingly committed 
to promoting a higher awareness of energy consumption. For 
this purpose, the EU has launched several initiatives and 
published several documents, especially directed at children 
and adolescents. Both in the EU and in the United States, 
labels reporting the energy consumption of household 
appliances have been introduced to inform consumers in a 
simple and direct way about energy efficiency of products 
[8][9]. In addition, information campaigns for raising 
awareness in energy consumption have spread. These actions  
produce long-term results, in particular, those focused on 
children [10]. 

But in order to obtain immediate results, feedback on 
consumption is frequently adopted to improve energy 
awareness. In the few last years, several studies have 
analysed the effectiveness of feedback as a tool for 
promoting energy savings at home. They generally report 
savings in a wide range (from 1.1% to over 20%) but usual 
savings are between 5% and 12% [11][12]. Fischer [11] lists 
the relevant features of feedback that may determine its 

effectiveness: frequency, duration, content, breakdown, 
medium and way of presentation, comparison, and 
combination with other instruments. The study shows that 
the most successful results come from feedback that is given 
frequently over a long period of time, provides an appliance-
specific breakdown, is presented in a clear and appealing 
way, and uses computerised and interactive tools [11]. In 
order to promote energy savings, the consumers should first 
be made aware of the amount of energy they are consuming, 
so that they can then learn how they can improve their 
behaviour. Users should identify potential savings in their 
environment, by knowing how and where energy is actually 
used: this requires users to be aware not only of the overall 
energy consumption reported in their bills, but also at the 
appliance level. Reinhart et al. [13] have designed a system, 
called Ubiquitous Smart Energy Management (USEM), 
which is not only a simple automated solution to reduce 
electricity usage, but also provides detailed energy 
consumption information and incorporates mobile tools to 
assist and encourage users at improving their energy 
consumption behaviour. Some research projects, e.g., 
BeAware [14], or commercial products, e.g., Ecosphere [15], 
aim at motivating users to be more responsible in their use of 
electric appliances by showing real-time energy consumption 
feedback through intuitive user interfaces. Recent studies 
prove that this kind of feedback is enough, by itself, to 
reduce consumption by 15% [16]. Feedback can stimulate 
energy conservation only with the presence of motivational 
factors, cost considerations and altruistic or environmental 
concerns [12]. Some studies in the literature [17][18] show 
that the custom and real-time feedback on energy 
consumption is effective in consumption reduction. 

Persuasive technologies have proven useful in modifying 
behaviours related to energy usage. A potential way to drive 
awareness is through the so called “serious games”, i.e., 
interactive virtual simulations whose main purpose is the 
development of user abilities and skills in a simulated 
environment with the aim of  apply them in the real world. 
Recent studies suggest that the effectiveness of learning 
increases when it is active, experiential, situated, problem-
based, and provides immediate feedback [19]. Indeed, 
literature proves that serious games can influence people 
change behaviours and attitudes in the areas of health, public 
policy, education and training [20], and notably for our 
purposes, energy [21]. Additionally, environmental 
awareness and attitudes toward environmental preservation 
can be promoted by simulation games [22]. Finally, 
simulation games can efficiently guide players with 
improving their environmental knowledge, attitudes, and 
behaviour [7]. 

Many serious games have been developed with the aim 
to increase knowledge and awareness about ecological and 
energy issues. Ecoville [23] is an interactive game, where the 
mission is to build a sustainable energy community  
constrained by resource, pollution and budget limits, by 
handling the energy balance, CO2 emissions, garbage 
disposal, etc. EnerCities [24]  further develops the concept: 
in this game, based on the Theory of Planned Behaviour 
[25], players have to balance three variables: population, 
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planet, and profit. Power Agent [26] and Power Explorer 
[27] are two “pervasive games” that put family members in 
competition to reduce the domestic consumption as 
measured by sensors, pointing out the difference between 
player and non-player behaviours through an avatar helping 
to convey best practices in energy efficiency. 

Even though there have been relatively good results, 
serious games still remain a “niche” field. The main limits to 
their popularity are their target audience (scholars and 
families, often very different from the average users and far 
from the gaming community), as well as the perception that 
educational games are boring, and also the lack of 
entertainment features that characterize traditional games. 
Moreover, the majority of serious games produced so far 
come from research projects, thus, there is not a large library 
of commercial games on the market, and the genre has not 
generated significant results in terms of revenue and profits.  

In the recent years, some projects combining feedback 

mechanism and serious gaming have been developed with 

the purpose of promoting behavioural changes in energy 

consumption at home. As part of the EU funded project 

SOFIA [28], a product implementing game elements was 

designed for families with children with the aim of 
improving environmentally responsible behaviour in 

domestic energy consumption. Furthermore, Yang et al. [7] 

have developed a system called Energy COnservation PET 

(ECOPET): using a game-based learning strategy, with the 

help of a pet avatar, players are encouraged to use home-

energy efficiently. The main distinctive feature of these last 

two products is the in-game implementation of a feedback 

mechanism, which helps learners to use electric appliances 

properly [7][28]. 

Finally, it is worth highlighting the social nature of this 

topic. Recent studies have showed that “energy 

consumption is a social and collective process rather than 

individual” [29]. A social debate, for example, by way of 

social network, can make people build common awareness. 

People, initially reluctant to change their behaviour, can be 

motivated to act in a more responsible way by interaction 

with other people. Several years ago, Mankoff et al. [30] 

already demonstrated a motivational effect for saving 

energy by integrating energy usage feedback to the 

MySpace social network. Similarly, Foster et al. [31], by 

means of a novel Facebook application, have demonstrated 

that energy consumption can be reduced through social 

encouragement and competition. Obviously, only 

exchanging ideas or opinions is not enough to raise 

awareness and change people behaviours. Real consumption 

measurements play a fundamental role in allowing people to 

change their behaviour in a more conscious way [29]. 

Petkov et al. [32] have expanded the idea of social 

comparison with their social application EnergyWiz, which 

allows users to compare their energy usage with their own 

history and the history of other users.  
The goal of this work is to exploit the potentiality 

supplied by feedback, serious games, and social interaction 

in a novel software framework, named Ener-SCAPE, which 
integrates all these aspects to improve the ECA of its users.  

III. ENER-SCAPE 

Ener-SCAPE is a software framework composed of a 
persuasive game, a monitoring tool for energy consumption 
that processes and shows data coming from a sensing 
infrastructure, and a tool for social interaction. It mainly 
aims at improving the awareness of energy consumers both 
in their homes and in buildings where they usually work.  

The core of Ener-SCAPE is the game. The name itself 
recalls the game genre since it is based on: the “room 
escape”, or “escape games” [33], which is a subgenre of the 
well-known point-and-click adventure games. In the game, 
players are tasked with escaping from an apartment or an 
office by solving rebus puzzles, through the use of specific 
information and the implementation of strategies. The escape 
game paradigm has been chosen because it allows the game 
to be located in a place similar to the one where people 
should put into practice what they have learned. Moreover, 
making users explore the house while trying to escape allows 
them to face realistic situations. Most of the suggestions for a 
better ECA are related to common energy loads from devices 
that can be found in most houses and offices. Additionally, 
working with virtual environments allows game designers to 
make the game experience more exciting, emotionally 
compelling and to provide new elements. In this way, 
information and sensations experienced are remembered and 
allow the player to sharpen their perception, attention and 
memory by promoting behavioural changes through 
“learning by doing” [34]. 

 

A. Framework Architecture 

The logical architecture is subdivided into four layers: the 
Security Layer, Business Layer, Data Layer, and 
Presentation Layer. A graphical representation is provided in 
Figure 1. 

The Security Layer implements all checks needed to 
authenticate users and authorise access to resources. The 
application is accessible both from personal computers (PC) 
and mobile devices (tablets, smartphones), after user 
authentication. The OAuth v2.0 [35] protocol has been 
chosen to securely share user data with the Ener-SCAPE 
applications: monitoring data are exchanged anonymously 
with a token identifying the user.  

The Business Layer implements the business logic of the 
whole system and the data processing that leads to the results 
that will be provided to the users through the dashboard. The 
logical components of the Business Layer are grouped by 
their functions: 

 Notification Management, whose purpose is to provide a 
service for the exchange of real-time notifications 
between the various architectural components, according 
to the Publish/Subscribe pattern; 

 User Management, which represents the logical group of 
software components in charge of managing the basic 
user information (creation, editing, profiling), as well as 
the interaction with the Social Community; 
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 Energy Management, which comprises the components 
that acquire data from sensors and the components that 
retrieve consumption data from a remote database for all 
requests from users through the monitoring dashboard; 

 Game Management, which manages the logic of the 
Ener-SCAPE game and provides all the functional 
components, from loading the assets of the game, to the 
client-side components at Presentation Layer; 

 Smart Advice Management, which groups all the 
infrastructure components that are responsible for the 
production of Smart Advice, i.e., personalised pieces of 
advice aiming at reducing energy consumption; 

 CEP Management, which comprises the components 
that deal with the Complex Event Processing (CEP) in 
real-time, to increase the situation awareness of the 
users and to support their decisions. 
 

 
 

Figure 1. Ener-SCAPE high level architecture. 

The Data Layer is the layer where interactions with the 
data storage are performed.  

Finally, the Presentation Layer represents the application 
user interfaces (game, dashboard for monitoring energy 
performance, interface to interact with social networks). 

All the taxonomic and non-taxonomic relationships 
between entities within the Ener-SCAPE application domain 
have been modelled in the Ener-SCAPE Ontology. This 
ontology is also at the basis of the feedback system to the 
end users aimed at increasing, in a personalised way, 
awareness of the impact of energy consumption actions. 
Feedback is made available to users on the monitoring 
dashboard in form of contextualised hints, or Smart Advice. 
The identification of the more appropriate piece of advice to 
be made available to the user is based on the real-time 
identification of contextual information: the advice is 
presented as one or more “hints” depending on user-specific 
factors, such as the type of dwelling and the consumption of 
electrical energy, as well as on environmental factors, such 
as climatic conditions during the period under observation. 
For example, in a region where the weather is warmer than 
expected, a user whose energy consumption during summer 
is higher than what has been forecasted, could be informed 
that the increase in consumption is probably because of the 
increased use of air conditioning in their home. In addition, a 

suggestion may be offered for improving the use of the air 
conditioning in order to reduce energy consumption. The 
production of personalised recommendations is done through 
semantic technologies. Circumstances relevant to users are 
described through Ontology Web Language (OWL) 
assertions. The different contexts that can be adapted to the 
user are logically organised according to a tree and each 
context is identified by a set of characteristics, such as type 
of dwelling where the user lives and the number of people 
living in the same house. The tips are then associated with 
one or more nodes in the tree. The task of determining what 
recommendations are appropriate for a given user is 
delegated to an ontological reasoner [18]. Hints proposed to 
the user have been gathered by seeking suggestions aiming at 
energy saving and efficiency on websites of institutions, 
government agencies, and consumer groups, as suggested in 
[3].  

The CEP is a technology that enables processing and 
combining events from multiple sources to detect 
occurrences of special events that require a response from a 
system or from a human operator [36]. CEP is, therefore, a 
useful tool to increase the Situation Awareness, i.e., the 
awareness of the context. The use of CEP techniques in 
Ener-SCAPE, applied to consumption data and to the user 
profile, is a crucial step for the Energy Consumption 
Awareness. The CEP in Ener-SCAPE arises also as a 
valuable tool to report to end users (consumers, energy 
manager) criticalities and malfunctioning. Figure 2 shows the 
CEP architecture in Ener-SCAPE.  

  

Figure 2. CEP architecture in Ener-SCAPE. 

Two versions of the software framework are being 
developed: one related to a home environment and the other 
related to a building/campus environment. Both versions 
include and integrate the applications mentioned before: a 
dashboard for monitoring real energy consumption, which 
shows performance indicators and hints to improve 
performance; the escape game with two different approaches 
that will be described later; and the tool for integration with 
social networks (Facebook/Twitter/Google+) to allow 
collaboration between players/consumers.  

The innovative aspect of the proposed approach is a 
simple but effective mechanism to integrate the three 
applications with the aim of converting existing successful 
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models to an “edutainment” (education and entertainment) 
function.  

 

 
Figure 3. Ener-SCAPE approach to energy consumption awareness (home 

environment). 

The cornerstone of the Ener-SCAPE game, as previously 
introduced, is essentially to escape from a house (or a 
building in the second version of the game) as in any escape 
room game. Escaping can only be achieved by solving a 
sequence of rebus puzzles (find items, combine them, use 
them, look for clues, piece together clues, gather 
information, find combinations, compose puzzles, solve 
riddles, etc.). The main feature of the game lies in the themes 
of each action: eco-sustainability, savings, efficiency, and 
energy-awareness. Moreover, effectiveness in acquiring 
ECA is given by the feedback from the real world. The game 
is integrated with a very simple and intuitive monitoring tool, 
which processes the data collected through a sensing 
infrastructure and allows consumers to see their real energy 
performance. The application allows the users to compare 
their current energy consumption with historical average 
values.  

While playing, users acquire information (gained from 
the game or the social networks where they get useful tips 
for solving puzzles) that can also be used in the real world. 
The ultimate aim of the game is impacting consumer 
behaviour in their real lives. The monitoring dashboard 
provides a means to measure performance improvement, 
which is then translated into virtual currency that can be 
spent in the game to ease the escape. In order to facilitate the 
solution of a rebus puzzle, the users can utilise the virtual 
currency obtained from social network interactions. Indeed, 
users can cooperate with other consumers in specific social 
network groups: each consumer builds his or her own 
reputation by cooperating with the community in solving the 
escape room rebuses as well as in achieving better energy 
performance in the real world. A domain expert rewards the 
acquired reputation by assigning virtual currency to be spent 
in the game.  

In this way, users at home will strive to improve their 
behaviour by trying to reach the optimal values of real 

performance indexes. Before addressing the optimal 
performance, the system proposes intermediate targets and 
rewards their achievements by assigning virtual currency to 
be spent in the game. In order to measure real performance, 
the user must install “off-the-shelf” sensors; solutions based 
on Non-Intrusive Appliance Load Monitoring (NIALM) are 
being taken into account as possible alternatives. Therefore, 
as can be seen in Figure 3, Ener-SCAPE implements a 
virtuous cycle that allows the consumer to learn how to 
efficiently use energy simply by playing the game. At home, 
the user can save or waste energy. Then, the dashboard 
graphically represents the real performances based on data 
coming from a sensing infrastructure installed in the home. 
The transition from the physical world to the virtual one 
corresponds to the translation of the real results into virtual 
currency, which in turn affects the consumer’s ability to 
solve the rebuses in the virtual escape room. Finally, the 
beneficial cycle results in simulated solutions, information 
the user collects, applied hints, cooperation with other 
players, monitoring virtual performance, and sharing ideas 
inside a community. In this way, players may become 
consumers with increased energy consumption awareness 
that can help them to detect inefficiencies and improve their 
energy behaviour. 

The game environment has been designed to be as 
graphically attractive as possible. In order to reach a good 
quality in architectural rendering, the free interior design 
software application Sweet Home 3D has been used [37].  

Finally, the application was designed to be used on both 
PC and mobile devices, such as smartphones and tablets, in 
order to meet the requirements of usability and to avoid 
limiting the game to a single kind of device. Figure 4 shows 
a mock-up of the game in the tablet version in the home 
environment. On the right, there is a basket where discovered 
items are collected; at the bottom, there are some widgets 
where players can view their virtual and real performances, 
as well as their scores and hints. Figure 5. Mock-up of the 
dashboard (tablet version) in the home environment. 

Figure 5 shows a mock-up of the dashboard in the tablet 
version in the home environment. The monitoring interface 
includes diagrams that give the users a representation of their 
consumption and performance. The user can select the time 
horizon, which can be daily, weekly, monthly or annually: 
the data will be temporally aggregated based on the selected 
time horizon. The user can also select the unit of energy 
consumption: kilowatt hours (kWh), EUR (€), grams of CO2 

(g CO2), tonnes of oil equivalent (TOE). Users can compare 
their current consumption with the ideal average 
consumption for similar classes of consumers, previously 
profiled, and can check any possible abnormalities in their 
consumption caused by inefficiencies (see Figure 5). In the 
current version of the service platform, users are profiled on 
the basis of static information: e.g., in the home 
environment, size and type of the house, number, age and 
educational qualification of occupants, etc. This 
classification is probably not enough to catch the living style 
of users. Therefore, we are investigating how to model some 
aspects of the lifestyle that can be used as parameters, 
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deduced dynamically from historical measurements, for user 
clustering. 

 

Figure 4. Mock-up of the game (tablet version) in the home environment. 

 

 
Figure 5. Mock-up of the dashboard (tablet version) in the home 

environment. 

 

Figure 6. Energy consumption diagrams (smartphone version). 

The access to energy consumption and performance 
values is enabled in multiple ways: by selecting household 
appliances in the star structure that represents the set of 
monitored devices (Figure 5), or by selecting a consumption 
category (e.g., heating, lighting, appliances, sockets, etc.).  

Ener-SCAPE includes a feedback system to the end 
users, both in the home and in the building/campus contexts, 
in a personalised way to increase the awareness of the impact 
of their energy consumption actions. This approach is used 
in several ways and in a dedicated manner for the different 
actors in the system, e.g., suggesting: 

• in the home environment, which appliance the user is 
using or has just used, and which device has exceeded a 
fixed threshold; 

• inside the building/campus, the ineffective use of 
heating systems in relation to the outside temperature.  

The feedback is made available to users on the dashboard 
in the form of “hints” (see Figure 5).  

The monitoring dashboard shows the consumption 
trends, both cumulatively and per device. Users can also 
compare their current consumption with their historical 
consumption, as showed in Figure 6 and Figure 7 that depict 
the dashboard for smartphones. 

The game version for an office environment (see Figure 8 
for a mock-up of the PC version) has only one significant 
difference from the one for the home environment: it is an 
escape game played in teams. Thus, we had the chance to 
exploit the potentiality of collaborative learning in serious 
games [38]. Moreover, teams play against one another. In 
this way, we had also the chance to take advantage from 
recent studies results: Cagiltay et al. [39] have showed that 
creating a competition environment in a serious game makes 
motivation of learners improve significantly. 

 

Figure 7. Energy consumption variation diagrams (smartphone version). 
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Figure 8. Mock-up of the game (PC version) in the building environment. 

So, when motivation increases, learners tend to be more 
involved with the issue [40]. 

The basic idea of the game is identical to the one 
proposed for the home environment, but with the inclusion 
of other actors besides the previous single user/player: the 
energy manager (responsible for the coordination, 
management and efficient use of energy resources in the 
building/campus) and other users/players who live in the 
same environment and are energy consumers. In this case, as 
previously said, a mechanism for collaboration (among users 
belonging to the same team) and competition (with the other 
groups/teams of users) has been implemented. Members of 
the same team can exchange tips, information, and objects in 
the virtual world where they move. Every player can 
constantly see not only the results of his/her team but also 
the results of other teams. In order to improve the energy 
performance in the building(s), the energy manager will 
oversee the progress of the game, suggesting changes in 
behaviour, recommending precautions, or imposing 
guidelines. Furthermore, as in the home environment case, 
the user may take advantage of social networks as an 
important resource to acquire information and to earn virtual 
currency.  

The beneficial cycle previously described for the office 
environment is represented in Figure 9.  

Ener-SCAPE is currently in development but a complete 
and working prototype is already available for testers. Figure 
10, Figure 11, Figure 12, and Figure 13 show some 
snapshots of the game and the monitoring tool for the PC 
version of Ener-SCAPE.  

Figure 14 represents the Domain Expert interface: by 
accessing the application, a Domain Expert can interact with 
the Community through the major social networks (Twitter, 
Facebook, and Google+). When some members of the 
Community emerge by merit, for having provided useful 
pieces of advice and/or effective solutions, either for the 
game or for improving the performance in the real world, the 
Domain Expert can assign virtual currency to them. 

 

 
Figure 9. Ener-SCAPE approach to energy consumption awareness 

(building environment). 

 

Figure 10. Snapshot of the game in the home environment for PC version 

 

Figure 11. Snapshot of the game in the building environment for PC 

version. 
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Figure 12. Snapshot of the monitoring dashboard for PC version. 

 

 

Figure 13. Energy consumption graphics in the version for PC. 

 

 

 

Figure 14. Domain Expert interface (PC version). 

 
Figure 15. Player interface to redeem reward codes and to interact with the 

Community. 

 

 

Figure 16. Energy Manager interface (PC version). 

With this aim, the system generates the corresponding 
Reward Code (a string that is sent to the user through 
channels external to the application, e.g., via email, through 
the systems of internal chat on Facebook or Google+) for 
cashing in the virtual currency. 

Figure 15 depicts the interface for the players to redeem 
the Reward Codes and to interact with the Community. 

As the consumer user, the Energy Manager is provided 
with an interface that displays information to monitor 
consumption, cumulative or per device, from which he can 
deduce actions to induce improvements in energy efficiency, 
savings and economic sustainability (Figure 16). 

IV. EXPERIMENTATION PLAN  

In the light of a scientific validation of Ener-SCAPE, we 
intend to proceed with an experimentation phase aiming at 
gathering real data to evaluate the effectiveness of Ener-
SCAPE. During the experimentation phase, we intend to 
evaluate both the home and the office version, adequately 
tailoring an experimentation plan. The home experimentation 
plan foresees the distribution of Ener-SCAPE and the 
sensing system to 20 users, chosen among the ones who will 
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join the Ener-SCAPE public site and fill out the intention 
form for participating in the experimentation, including 
profiling data. The received applications will be then 
analysed and the users will be selected so as to have a 
statistical sample as diverse as possible. The office 
experimentation plan will be carried out at Engineering 
Ingegneria Informatica S.p.A. premises in Palermo, Italy. 

In order to evaluate the results of this experimentation 
phase, a set of metrics has been identified and divided into 
quantitative metrics and qualitative metrics. 

Quantitative metrics measure the effects of greater 
energy awareness. No preliminary consumption baseline is 
provided for the evaluation of the performance: users are 
clustered on the basis of a set of parameters (age, job, 
education, skills, etc.) provided during the preliminary 
registration phase. Their performance, both in home and in 
building/campus environment, are evaluated at a well-
defined set of time slots (hour, day, week, month, etc.) and 
compared to their own past average values (starting from the 
beginning of the experimentation) or to the values of users 
belonging to the same cluster (e.g., the best user, the average 
one or the worst one). In order to have a greater persistence 
of the results, a massive amount of information must be 
acquired and assimilated slowly, so as to have a significant 
impact on the lifestyle of the consumer, rather than only on 
the performance recorded during the experimental period. 
The impact of Ener-SCAPE is expected to increase slowly 
with time, so that the comparison to the average 
performance, in the first part of the use of the application, 
can be considered as the comparison to the baseline. 

TABLE I. INDIRECT QUALITATIVE METRICS  

Application Metrics 

Feedback (monitoring) Response to interaction 
Real-time perception 

Dashboard reliability 
Usefulness of shown information  

Completeness of shown information 

User-friendliness 

Game (the escape room) Conpliance to the Escape Room paradigm 
Perception of the entertaining aspect 

Appreciation of the entertaining aspect 

Perception of the educational aspect 
Appreciation of the educational aspect 

Appreciation of the graphical aspect 

Appreciation of the team based Escape Room 
Appreciation of the competition mechanism  

Appreciation of the collaborative mechanism  

Social (community) Usefulness of support to the community 
Reliability of information from the community 

Fairness of ranking mechanism 

 
Qualitative metrics are subdivided into indirect metrics, 

aimed at assessing the user perception of the Ener-SCAPE 
application, and direct metrics, aimed at evaluating the 
effectiveness of Ener-SCAPE by evaluating the sensitivity 
acquired by the user in the field of eco-sustainability. In both 
cases, it has been decided to proceed by administering 
questionnaires to the users. In TABLE I, a list of indirect 
metrics are provided; specific metrics pertaining only to the 
business/campus case are reported in italic. 

At the end of the experimentation phase, all the data 
collected will be analysed to evaluate the impact of Ener-
SCAPE on the energy awareness. 

V. BUSINESS MODEL 

In recent years, big companies such as Google Inc. and 

Microsoft Corp. developed their own energy management 

tools. Both the initiatives have failed and their projects were 

closed after few years [41][42]. One reason can be found in 

the early stage of the market when the products were 

launched (2009). Indeed, very few smart meters and smart 

grid networks had been installed in those years. 

Additionally, Google and Microsoft probably did not follow 

the right distribution strategy, building only few 

partnerships with strategic partners. Starting from these two 

cases, and considering a possible launch of Ener-SCAPE 

into the market, we had the chance to develop new business 

models to avoid past mistakes.  
Following the Business Model Canvas [43], we can 

analyse the possible development of Ener-SCAPE as a 
product to market. To do so, we have to consider separately 
the two versions of the software framework. The home 
version has individual users interested in energy and 
environmental issues, or interested in escape room games, as 
possible customers. Indeed, the game can be the driver to 
spread ECA even among people not directly interested in it. 
As a value proposition, Ener-SCAPE can increase ECA in an 
appealing and fresh way. Increasing the energy efficiency at 
home, users can save their money and respect the 
environment. We have identified two distribution channels: 
online selling in a dedicated web site or by partnership with a 
specialised third party as producers/sellers of energy sensing 
systems, energy retailers, energy service companies, 
consumers’ associations, etc. We think that revenue could be 
produced after a year of software engineering and testing, 
during which the following resources will be utilised: 
software engineers, relational resources and technical 
resources. After this first phase, the promotion activity and a 
constant maintenance will be crucial. We have identified the 
following cost items: product realisation, promotion, 
maintenance, direct and indirect selling.  

We have also done a business model of the 
building/campus version of Ener-SCAPE. Medium or large 
companies interested in their energy saving are possible 
customers of the product. The value proposition is the chance 
to save money consuming less energy. Distribution channels 
could include a direct sales force or selling by 
distributors/partners. The revenue plan is substantially the 
same as the plan seen for the Ener-SCAPE home version. 
Indeed, key resources, activities and cost structure are shared 
for both versions of the product. In the end, we can 
summarise that starting with relatively small investments, 
mostly concentrated in the first year, two marketable 
products may be obtained with good chance to generate 
incomes. 

Finally, the reference market of Ener-SCAPE is in energy 
management software. Today, energy monitoring systems 
are offered by many big multinational companies such as 
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IBM Corporation, CISCO Systems, Inc., and the General 
Electric Company. However, this market is constantly 
developing, primarily due to the birth of the “Internet of 
Things” [44] and automation systems [45], and secondarily 
due to the great attention this market is calling. Despite the 
large amount of players, today there is no evidence that a 
product like Ener-SCAPE is already on the market. The 
distinctive feature is the simultaneous presence of a 
persuasive game in the form of an escape room game, a 
monitoring interface for the electric consumption and a tool 
for the integration with social networks. As a matter of fact, 
Ener-SCAPE strength lies in the cooperation of these three 
elements, to reach the same goal: providing the users with a 
greater ECA to get a better energy efficiency, save money 
and natural resources, and improve their lives. 

VI. CONCLUSION AND FUTURE WORK 

This work proposes a pervasive and multi-platform 
application to improve energy consumption awareness. 
Following the results of a number of previous works found 
in the literature and analysed in depth, Ener-SCAPE has 
designed and developed an energy-aware application 
integrating successful elements for achieving energy 
consumption awareness: serious games, real time and 
detailed feedback on energy consumption and motivational 
factors coming from the social interaction in a community.  
In order to pave the way for possibly launching the 
application into the market, an experimentation phase has 
been scheduled inside the business plan. Corroborated by the 
use of elements that individually have been proven effective 
in increasing ECA, which have emerged as well known and 
widely utilized, we are confident on the effectiveness of this 
ongoing work.  

Besides what is already planned, the monitoring tool can 

be extended and improved. Citizens consume not just 

electricity at their homes but also gas, water, and heat. Thus, 

the Ener-SCAPE monitoring interface could be enriched to 

evaluate all of these additional areas of consumption. In 

regards to the game, other exploratory works could be done 

with information and visualisation techniques. As an 

example, the home version could be expanded from a single 

player into a multiplayer game, by taking into consideration 

other households. The single user approach could be 

changed into a team-based one; trying to increase the ECA 

in all the household with a collaborative (and not only 

competitive) version of the game. This enhancement is 

supported by recent studies demonstrating that family 

relationships and dynamics have a lot of influence on ECA 

improvement [15]. Moreover, the age of the users and the 

contingent presence of children at home have been 

demonstrated as affecting the levels knowledge in energy 

related issues inside families [46]. 
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