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ABSTRACT The digitization era for electric utilities is tightly coupled with the development of interdisciplinary software (S/W) platforms aiming at establishing much more efficient communication pathways
with their clientele and other smart grid market stakeholders. This paper presents the SOCIALENERGY S/W
platform, which is funded by the EU H2020 work programme. SOCIALENERGY is a user engagement,
social networking, gamification, and business management platform aiming at evolving energy markets’
operation and educating virtual energy communities. The proposed business model is targeted on electric
utilities’ customer segment. The proposed system is modular by design incorporating several subsystems
from various disciplines, such as ICT, energy efficiency, behavioral economics, education, and gamification.
The proposed system facilitates the easy, rich, and deep communication among individual energy consumers,
virtual energy communities, utilities, and other less direct stakeholders (such as electric appliance retailers
and building renovators). Finally, the paper provides important research/innovation insights and challenges
to be addressed towards the proposed Green Social Response Network concept and the exploitation of
SOCIALENERGY system as part of more complex systems for the 2030 smart grid era and beyond.
INDEX TERMS Digital electric utilities, virtual energy communities, behavioural change, green social
network, demand response programs.

I. INTRODUCTION

At the retail electricity market side, electric utility companies are gradually following the ‘digitization’ path towards
providing more effective and attractive energy services to
their clients [1]. This digitization trend is expected to enhance
the active participation of consumers along the energy value
chain, thus changing the nature of consumer engagement
across the customer life cycle. Thus, digitization should be
considered as part of every progressive utility’s initiative [2]
towards reducing its OPEX (e.g., educate consumers, encourage self-service or create value with new services) and its
CAPEX (e.g., exploit a variety of advanced energy efficiency
services and products).
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As shown in Fig. 1, there are three main driving forces
towards the digitization era of electric utilities, namely:
a) regulatory and policy shifts, b) changing market demand,
and c) technological innovation. In particular, information
and communication technologies (ICTs), which can cut
through pre-existing layers of regulatory processes and business models to directly connect all stakeholders to the goods
and services they want to purchase/sell, are gaining traction
across liberalized energy markets. Nowadays, electric utilities
are keen on prioritizing their CAPEX investments on energy
efficiency-related assets, as the latter are much cheaper to
implement than building new generating capacities. As stated
in [3], the levelized cost of energy efficiency resource costs
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TABLE 1. Mapping of telecom industry’s with electric utility industry’s
disruption paradigms.

FIGURE 1. Confluence of 3 driving forces for the digitization era of
electric utilities.

for utilities about 2 to 5 cents per kilowatt-hour, which is
one-half to one-quarter the cost of other options like coal/
gas/nuclear investments or solar/wind installation programs.
As a result, the adoption of various digital S/W solutions
sounds increasingly appealing for electric utilities as well as
for their clients (i.e. energy consumers), who are increasingly
keen on experiencing personalized energy services [4].
Interestingly, the telecom operator industry’s disruption
paradigm, which took place a few decades ago, has several
remarkable similarities with the various research, innovation and commercial trends of the electric utility industry
(cf. Fig. 2). In table 1, these similar characteristics are briefly
summarized. Hence, the electric utility industry may adopt
the good practices and ‘‘success stories’’ of the (mobile) telecom industry and possibly follow-up the respective ‘‘lessons
learned’’ in order to experience an analogous market growth
within the next years.

FIGURE 2. Research, innovation and commercial trends for new business
models in the electric utility sector.

As traditional electric utilities are gradually being transformed into Energy Service Providers (ESPs), new business
models are required. Fig. 2 presents the basic research, innovation and commercial trends that constitute a typical iterative
process within a progressive utility’s everyday business.
VOLUME 6, 2018

First of all, research is needed in order to drive innovative
solutions, such as the incorporation of artificial intelligence algorithms, big data analytics, behavioural economics
approaches, socio-economic research and optimization
tools, towards the development of advanced Energy Programs (EPs). EPs are contracts with end users that charge
them not only based on the amount of energy they consume,
but also according to the level of their energy efficiency (the
pattern of their energy consumption curve and/or the level
of their behavioural changes). Innovation means the novel
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exploitation (e.g. via optimal combination or enhancement)
of already existing S/W solutions and systems, such as online
social networks, user engagement platforms, serious games,
gamification modules, e-learning platforms, etc. Thus, new
products and services can be created in order to enhance
the quality of service that the utility provides to its customers. Finally, innovation provides input for new ideas
regarding further commercial exploitation from a strategic
business point of view. For example, utilities can collaborate
with a telecom provider to offer converged ICT-energy services or they can collaborate with various types of ESCOs.
Use of e-commerce platforms is also an emerging commercial
trend for utilities, who want to collaborate with cross-sell
market stakeholders to realize new revenue streams. Ultimately, the real-life results from the utility’s business and
related analytics are then fed back into the research division to
design new and enhanced tools towards meeting the updated
customer segment’s needs. This iterative process guarantees
that the digital electric utility’s business will be sustainably
competitive in the liberalized electricity markets’ framework.
Conclusively, an holistic S/W infrastructure together with
a multi-disciplinary business model is required in order to
cope with all the afore-mentioned challenges. Therefore,
we propose the SOCIALENERGY S/W platform, which
consists of several systems and S/W modules from various
disciplines, including the ICT, energy efficiency, behavioral
economics, socio-economic sciences, online social networks,
competence based education, serious games and gamification sectors. The major contribution points of the proposed SOCIALENERGY framework can be summarized as
follows:
• A multidisciplinary S/W platform is proposed in order
to accurately inform and effectively educate end users
on energy efficiency in a user-friendly way.
• An innovative hybrid demand response (DR) strategy
is developed (towards EPs that offer effective Demand
Side Management), which combines incentive-based
and price-based DR through the use of advanced user
engagement technologies and exploitation of financial
incentives.
• The concept on online social networks is exploited
through the development of the Green Social Response
Network (GSRN) concept, combined with behavioral
economics models (such as peer pressure). These lead
to the creation, dynamic adaptation and management
of virtual energy communities (VECs) that trigger
very effectively behavioral changes towards energy
efficiency.
• The self-evolving SOCIALENERGY game integrates
all the aforementioned mathematical models and algorithms towards energy efficiency. This allows the emulation of a real residential home capable to: i) educate
empirically end users in a very effective way and ii) offer
a ‘‘virtual’’ pilot for experimentation purposes in order
to accelerate development of effective energy efficiency
services.
22454

A competence based educational (CBE) framework is
introduced aiming to create the best ‘individual learning plan’ (ILP) for each individual SOCIALENERGY
user and subsequently guide him/her through the whole
online learning and user engagement process.
The remainder of the paper is organized as follows:
Section II describes the state-of-the-art in the various disciplines related to our work and introduces the GSRN concept. Section III presents the SOCIALENERGY system as a
whole, as well as the functionalities of its five main subsystems. In Section IV, initial research findings beyond the stateof-the-art that outperform current solutions are presented
together with their integration in the proposed platform.
Finally, Section V concludes by providing real market applicability of the proposed solution together with interesting
research and innovation insights and challenges for exploiting
SOCIALENERGY platform as part of more complex systems
for the 2030 smart grid era and beyond.
•

II. STATE-OF-THE-ART AND THE PROPOSED GREEN
SOCIAL RESPONSE NETWORK (GSRN) APPROACH
A. RELATED WORKS FROM MULTIPLE DISCIPLINES

As surveyed in [5], there is a plethora of behavior
change programs implemented by progressive electric utilities, which can be classified in three major categories
(cf. table 2): 1) information-based, 2) social interactionbased, and 3) education-based. Nowadays, a utility may select
to adopt one or more programs, but it does so in an adhoc manner. The SOCIALENERGY vision is to offer the
required S/W infrastructure substrate for a utility to adopt any
combination of state-of-the-art behavior change programs
according to its targeted business needs.
Regarding state-of-the-art DR programs, these can be
categorized based on [6] as follows: 1) mechanisms used
for the loads’ control (e.g. centralized vs. distributed control,
load sheds vs. load shifts), 2) offered motivations to users
(e.g., price-based vs. incentive-based), and 3) key performance indicator (KPI) that needs to be optimized
(e.g., system’s cost minimization, users’ welfare maximization, utility’s profits maximization, etc). SOCIALENERGY
platform exploits and advances state of the art and thus disposes DR programs able to offer a very attractive trade off
among the afore-mentioned KPIs.
Furthermore, gamification solutions apply game mechanics to motivate people to change their energy behavior and
have been recently used by several utilities to improve customer engagement in energy efficiency and DR programs.
According to [7], [8], real-life pilots have indicated energy
savings of 3-6% among a sizable number of participants,
while savings of more than 10% can be achieved in narrowly
targeted programs.
Community based programs and the exploitation of online
social networks (OSNs) to form virtual energy communities (VECs) are becoming increasingly popular during the
last years. As a result, innovative concepts found in the
international literature, like integrated community energy
VOLUME 6, 2018
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TABLE 2. Categorization of behavior change programs.

on the complicated concepts of smart grid and liberalized
electricity markets’ operation. This is of utmost importance,
because for example, it is useless for an utility to sell a new
EP to its customers, if the latter do not fully comprehend the
‘‘pros and cons’’ of this particular choice. One of the latest
advancements for educational and lifelong learning sectors is
the adoption of competence-based education (CBE) frameworks. Competence means the proven ability to use knowledge, skills and personal, social and/or methodological abilities, in work or study situations in professional and personal
development [19]. An advanced e-learning platform that
adopts a CBE framework aims at: a) allowing competencybased learning and assessment, based on a well-defined taxonomy of competencies, b) allowing the use of rich set
of learning resources, activities and experiences related to
achieving the needed competences, c) supporting various
modes of assessment of learner’s knowledge/competences
and relevant grading according to achieved results, d) supporting individual learning plans (ILPs) in order to optimally
guide the learner throughout the whole personalized learning
process.
B. THE GREEN SOCIAL RESPONSE NETWORK (GSRN)
APPROACH

systems [9], virtual microgrid/prosumer associations
[10], [11], prosumer community groups [12], [13] and
cooperative/ aggregated demand response [14], [15], have
emerged. Being part of a VEC, the end users realize benefits additional to the case that each one optimizes his/her
individual interests. This is mainly due to two reasons: a) the
statistical multiplexing gains that a community offers towards
achieving a collaborative goal, and b) the peer pressure
induced among users within the OSN that inherently incentivizes each user to adopt a more energy-efficient behavior
and lifestyle [16], [17]. At the same time, the energy system
can realize considerable benefits, too, all of them related with
the better matching of energy supply and demand. From a
business perspective, recent marketing strategies that exploit
OSNs have been proven very effective and highly increased
the revenues of the companies that used them. Community
Based Social Marketing (CBSM) targets the social context as
opposed to the individual. It recognizes that human behavior
is never isolated, but occurs under specific circumstances,
with historically, culturally, economically and politically
determined parameters [18].
Finally, a major lesson learned from recent real-life DR
pilots around the globe is that users should be well educated
VOLUME 6, 2018

In Fig. 3, the general idea of the proposed ‘‘Green Social
Response Network’’ (GSRN) concept is illustrated. There are
three main gamification steps: 1) gamify the user engagement
in DR and energy efficiency programs, 2) gamify the process
(e.g. VEC management, EP selection, etc.), and 3) gamify the
results and feed them back to step (1). As depicted in Fig. 3,
there is a perpetual information and knowledge flow among
the 3 gamification steps in a way that all types of users
(i.e., individual energy consumers, VEC leaders, electric utilities, ESCOs) are continuously educated towards understanding their role in the smart grid market/ecosystem and the
needs/interests of all other related market stakeholders in a
liberalized electricity market context. The proposed GSRN
is called ‘‘Green’’, because it facilitates and enables the use
of clean energy and good practices on energy efficiency

FIGURE 3. Green Social Response Network (GSRN) concept.
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focusing on the residential sector. It is also called ‘‘Social’’,
because its users are able to participate in VECs and communicate with other peers who have the same interests, or even
communicate with other commercial stakeholders to better
understand their needs/interests. Finally, GSRN is called
‘‘Response Network’’, because it enables/facilitates efficient
DR procedures to take place and motivates the individual
energy consumers to change their behavior in terms of the
way they consume energy in their everyday lives. The result
of this process will ultimately lead to environment-friendly
use of energy resources, the efficient operation of liberalized
electricity markets and the realization of new businesses and
revenue streams from both new and existing smart grid market stakeholders.
According to several recent surveys undertaken by independent world-known consultancy companies and policy
makers [1], [2], [4], [6], [7], the high-level business strategy
objectives of a progressive utility (or else ESP) are summarized in table 3 and each one of them is directly mapped
to one of the five main SOCIALENERGY subsystems. In
section III, all SOCIALENERGY subsystems are described
together with their main functionalities and innovation points.

realization of their first steps in the digitization era of retail
electricity markets.
As illustrated in Fig. 4, SOCIALENERGY system comprises of six S/W components (subsystems), namely: 1) Meter
Data Management System (MDMS), 2) the core GSRN S/W
platform or else SOCIALENERGY’s real world, 3) Energy
Efficiency GAME or else SOCIALENERGY’s virtual world,
4) Research Algorithms’ Toolkit (RAT), 5) Learning Content
Management System (LCMS), 6) Energy Information Distribution as a Service (EIDaaS) or else virtual marketplace.

TABLE 3. Mapping of ESP’s business objectives with socialenergy
subsystems.

FIGURE 4. SOCIALENERGY architecture.

MDMS is the SOCIALENERGY’s database, where all
energy metering data from all ESP’s customers is collected
together with all energy-related data models (e.g., electric
appliance consumption models, disaggregation data, home
energy labeling models, etc.).
A. CORE GSRN S/W PLATFORM

III. PROPOSED S/W PLATFORM (SOCIALENERGY
SYSTEM AS A WHOLE)

SOCIALENERGY is an holistic S/W infrastructure to be
used by today’s progressive electric utilities towards the
22456

All types of SOCIALENERGY users (e.g. individual consumers, VEC leaders/managers, electric utility/retailer user,
ESCO user, etc.) are able to log in the system via the core
GSRN S/W platform interface. A single sign-in procedure
takes place and then the user is able to navigate in all
SOCIALENERGY subsystems. Indicatively, through GSRN ,
an individual consumer can select an EP or participate in a
VEC in order to select a community EP that fits its needs.
A utility user (e.g. utility’s CEO) is able to visualize the data
of its entire customers portfolio and perform advanced administrative tasks, such as create new EPs, update reporting/
recommendation rules of EP to its users, handle various
business analytics, etc. A VEC leader can only have access to
its associated VEC members’ profiles and perform respective
tasks.
VOLUME 6, 2018
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GSRN platform consists of several S/W modules.
‘Data Analytics’ module visualizes all RAT-API outputs and
provides a visualized KPIs’ dashboard to the users in order
to allow them to check their overall performance. ‘Energy
module’ is connected to the MDM-API and RAT-API in order
to visualize real energy consumption curves (ECCs) from
users’ meters and billing information respectively. ‘Gaming
profile’ module connects directly to the GAME-API and gets
all relevant details from the game, regarding each specific
user. User gets badges, leader board, performance, stages,
points and all available GAME-API inputs. Finally, ‘Socialties’ module is also working at the backend and is used to
get user’s social network information, as the user logs in the
system. It is also combined with all other modules to provide
personalization and further analytics. ‘E-learning/training’
module is responsible for the integration and visualization
of all educational material and relevant interactions coming
from the GSRN-LCMS API. The rewarding mechanism
works at the backend and computes the individual points
for all users’ activity in the GSRN. It also connects to the
GAME-API in order to feed the ‘User Profiling’ module with
game leader-board and relevant points from the user’s game
performance. The mechanism is flexible for the administrator
to design the point system based on users’ stage, points
and performance. Point system consists of two categories:
‘Actual points’ and ‘Experience points’, indicating activity
and knowledge engagement correspondingly.

in the LCMS and search for more details therein. Finally,
the multi-player feature of the GAME, through the use of
virtual users (bots), allows the users to be educated on the
operation of community EPs and the additional benefits that
the latter can provide to the users.

C. RESEARCH ALGORITHMS’ TOOLKIT (RAT)

B. SOCIALENERGY GAME

From the GSRN S/W platform’s web interface, the utility
user (i.e. system administrator) is able to select the ‘‘RAT’’
tab and then a new window navigates him/her to the RAT’s
functionalities. The RAT subsystem is very important for
SOCIALENERGY’s operation because it provides all the
intelligence that is required towards making SOCIALENERGY S/W platform competitive enough and commercially
successful in a sustainable manner. It provides all the EPs’
modeling and ‘‘data analytics’’ services mainly to GSRN and
to the GAME (by integrating the sophisticated mathematical
modeling in the energy pricing and game score calculations).
Various research algorithms are executed regarding: i) the
dynamic pricing models that are adopted in the various innovative EPs and ii) the VECs’ creation and dynamic adaptation
algorithms (required for the online management of VECs).
RAT is also a planning tool for the system administrator
to automatically analyze various business/strategy ‘what-if’
scenarios by running parameterized system-level simulations.
More details about the basic operation of ‘dynamic pricing
algorithms’ and ‘VEC creation and dynamic adaptation algorithms’ are provided in section IV.

After the SOCIALENERGY user (i.e. individual consumer)
is logged in the GSRN, s/he uses the same credentials to
download and start the game. The SOCIALENERGY GAME
can be played by the user in a range of platforms, starting from
a basic web-based implementation and possibly be extended
to a mobile application, too. The GAME is an applied game
on energy efficiency and combines characteristics from serious games and the classic entertainment industry. The player
creates/enters a virtual world (i.e., virtual house) with all
electric appliances and tries to maximize the energy efficiency KPIs by striking to find an optimal trade-off between
the energy cost (according to the EP that s/he selected) and
the discomfort incurred through load shedding and shifting
actions. Via the gameplay, the user is seamlessly educated
in best practices about energy efficiency and this is done in
an enjoying manner. Furthermore, the users can customize
the GAME’s settings and create the virtual environment that
is close to their real house. As a result, GAME can also
serve as a (near) real-life testbed to help in quantifying user’s
behavioral change through time, which is very important
from both a research and commercial exploitation point of
view. It should be noted that the GAME is also interacting
with the RAT (by integrating all sophisticated mathematical
modeling that modern EPs dispose, which provides the basis
for the GAME’s long-term success in the market). GAME
also incorporates references to educational material (e.g. in
the form of small pop-up windows) that the users can find

LCMS is the subsystem, where the user/player educates himself both online (e.g. via the gameplay or by taking various
learning courses) and offline (e.g. by consuming CBE-based
material) to consolidate the new knowledge about good practices on energy efficiency. LCMS interacts with GSRN. Thus,
the latter can provide recommendation services to the user
according to the educational content that is mostly keen on
watching next based on user’s current educational profile and
actions in SOCIALENERGY’s real and virtual worlds. The
role of the LCMS is important, because it provides to the
user the opportunity to better comprehend the new concepts
in the liberalized smart grid markets and inter-relate the
‘‘lessons learned’’ from the GAME with the real-life conditions. In this way, end users are able to efficiently interact with
their electric utility company. LCMS adopts a CBE framework for energy efficiency. There are four main categories
of competences: a) Energy-related end-user’s knowledge on
various theoretical aspects of smart grids, dynamic pricing,
energy efficiency, etc. b) Personal willingness to act based on
each user’s activities inside the SOCIALENERGY platform,
c) Social interactions behavior based on the user’s activity
inside the VEC, and d) Energy-related end-user’s skills based
on the user’s achievements (e.g. % of energy savings, % bill
reduction, etc.).
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D. LEARNING CONTENT MANAGAMENT SYSTEM (LCMS)
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E. VIRTUAL MARKETPLACE AND ENERGY INFORMATION
DISTRIBUTION AS A SERVICE (EIDAAS)

Finally, via the ‘virtual marketplace’ component,
SOCIALENERGY bridges the gap between energy consumers and multiple other market stakeholders related to
the energy efficiency sector. Via the use of SOCIALENERGY platform, the profile of each energy consumer is
created (e.g. energy consumption history, social networking
activities, commercial actions’ history, etc.). This profiling
information can be exploited from stakeholders in order
to: i) design energy efficiency products and services (e.g.
offers for building renovation, insulation materials, etc.) more
appealing to their audience, ii) allow VECs to contribute in
the design of new or enhanced products/services by giving
their opinions, iii) exploit VECs as cells within which group
trading can be facilitated, and iv) generally sell Energy
Information Distribution as a Service (EIDaaS) to whom
it may concern in the long-term future. SOCIALENERGY
has created an API through which it can commercialize this
idea of ‘‘data monetization’’ service. Moreover, the virtual
marketplace can host products and services from electric
appliance vendors/retailers, building renovation companies,
etc., so that the user can have an end-to-end experience on the
way to achieve his/her energy efficiency targets. Ultimately,
this business model can be very beneficial for the electric
utility, too.

IV. RESEARCH BEYOND THE STATE-OF-THE-ART &
INTEGRATION IN THE PROPOSED PLATFORM
A. INNOVATIVE ENERGY PROGRAMS’ (EPS) MODELING
AND KPIS

To design a new EP, a dynamic pricing model and algorithm
are required. Let us consider a system, which consists of a
utility and its N clients/energy consumers. Without harm of
generality, in the retail market, the utility provides electricity
to its clients in order to cover their demand. Thus, utility
participates in wholesale electricity markets and purchases
the required amount of energy at a certain cost, which is
time-variant and also a non-linear function of the aggregated consumption of all N end users (i.e., each incremental
energy unit purchased costs more). Generally, the utility can
minimize the cost of the energy that it purchases in the
wholesale electricity market (i.e., the system cost) by giving
incentives to its end users to ‘‘harmonize’’ the aggregated
ECC (i.e., the demand curve of its entire customer portfolio) with the wholesale market prices. Utilities and end
users (consumers) can mutually benefit from this system’s
cost reduction and the stability improvement that behavioral
changes in the energy consumption can bring (see Fig. 5).
Modern pricing schemes (or else EPs) should be able to
trigger these behavioral changes (e.g., by motivating users to
consume less during peak hours and more during non-peak
hours). For example, in Real Time Pricing (RTP), prices are
analogous to the dynamic ratio between the total energy production cost (i.e. supply) and the total amount of consumption
22458

FIGURE 5. Advanced Energy Programs for behavioral change.

(i.e. demand) [20], [21]. A pricing scheme has to achieve an
attractive trade-off among the following requirements (KPIs):
i) the end user’s satisfaction, ii) the stability of the energy
production/ transmission/consumption system, and iii) the
utility’s financial profitability. The first requirement is also
referred to as ‘user’s welfare’ and is formulated as the difference between a utility function that expresses how much an
end user values a specific consumption pattern and the cost
of energy that s/he consumes. In the context of comparing
different pricing schemes, the user’s welfare expresses which
pricing scheme leads to more competitive services in the open
market [22], [23]. The second requirement is also denoted
as ‘behavioral efficiency’ and expresses the capability of a
pricing scheme to achieve the objectives that motivated it in
the first place (e.g. load curtailments and shifts). Intuitively,
behavioral efficiency of a pricing scheme expresses how
friendly it is to a TSO/DSO (addressing issues related to
energy network stability, efficiency and costs) and implicitly
affects several financial metrics (e.g. investments in RES,
energy storage and network upgrades). Usually, it is linked
with minimizing the system’s energy cost, as in [24] and [25].
The third requirement is also referred to as ‘profit dynamics’
and represents the profit percentage per energy unit and
the total revenues of the utility company. In other words,
it expresses the financial growth potential of the company that
exploits a specific pricing scheme (or else EP) [20], [26].
A wide range of innovative EPs are integrated in
SOCIALENERGY platform. In particular, SOCIALENERGY conducts research on the improvement of the behavioral efficiency of the EPs without sacrificing the rest of
the aforementioned KPIs. For example, as shown in Fig. 5,
a behavioral change in the aggregated ECC can provide
reduced energy cost for the system without sacrificing users’
welfare due to the fact that some of them are flexible enough
to undertake the changes in their individual ECCs and in
return get reimbursed by the utility. Through SOCIALENERGY platform, the administrative user can perform exhaustive system-level simulations before deciding to release a
VOLUME 6, 2018
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new EP in the retail market. Similarly, an end user can also
exploit SOCIALENERGY platform to dynamically invest
(if it is beneficial for her/him) on a new EP that fits
his/her updated needs. Finally, an end user can also play
the SOCIALENERGY GAME in order to comprehend the
optimal behavior that one should have towards harvesting the
maximum benefits from a certain EP.

B. MANAGEMENT OF MULTI-PARAMETRIC VIRTUAL
ENERGY COMMUNITIES (VECS)

In SOCIALENERGY system, VECs can be created in a
bottom-up (and thus manual) way from the users themselves
just like in traditional social network platforms. A VEC leader
may also be the one that initiates and coordinates the process
just like in web forums and other web 2.0 tools. However,
VECs can also be created and dynamically adapted in an
automated way via the use of clustering algorithms in order
for both users and the utility to optimally exploit the benefits
of VEC concept. In particular, a utility’s portfolio can be
categorized in several VECs based on qualitative characteristics such as demographics, geographical, socio-economic and
other social norms-based metrics [27]–[29]. Given an already
existing social graph, the goal of a clustering algorithm may
also be to find such VECs that the total power consumption
in each group of users achieves minimum variance [17].
VECs can also be created in a way that users’ satisfaction,
social network dynamics and the peer pressure that VEC
members induce to each other are taken into consideration [16]. Other algorithms may take into account quantitative
metrics for VEC creation problem. For example, the dominant VEC creation criterion can be the similarity factor of
Energy Consumption Curves (ECCs) and/or the Flexibility
Curves (FCs) of the users. In other words, users with similar
ECCs and FCs increase the probability of performing better
in a community-based EP. Another criterion would be to
put together users that have the minimum deviation between
their forecast and real consumption in order to minimize the
imbalance penalties of a utility’s portfolio, as we propose
in our prior works [11], [30]. Finally, for billing purposes,
there are also intra-clustering algorithms, which can allocate
the costs among the members of a certain VEC by applying
various policies as shown in the work of some of the authors
in [10].
All the above-mentioned multi-parametric approaches for
VECs’ creation can be easily customized and integrated in
SOCIALENERGY platform. A few clustering examples that
we currently use in the SOCIALENERGY platform are illustrated in Fig. 6. What’s more interesting is that the administrative user can set specific thresholds based on which an
end consumer can be recommended to switch to a different
VEC that better fits his/her updated interests and needs. Users
can also play the multi-player mode of the GAME in order
to be seamlessly educated about the potential benefits and
operation of community-based EPs.
VOLUME 6, 2018

FIGURE 6. Multi-parametric VEC creation and dynamic adaptation.

C. CONTEXT-AWARE DATA ANALYTICS SERVICES,
E-COMMERCE AND BOTTOM-UP ORGANIZATIONAL
STRUCTURES FOR SOCIAL INNOVATION AND
E-GOVERNANCE

The vision of SOCIALENERGY platform is to use the
recent innovative concepts on e-commerce in order to trigger e-governance and consequently social innovation. There
are five promising innovation fields towards this goal.
The first is the exploitation of information beyond the
e-commerce retailer’s site towards personalized and accurate
recommendations for products and services. In more detail,
SOCIALENERGY envisages the exploitation of information
from OSNs (e.g. activity, relationships, etc.) and content
consumption platforms (e.g. YouTube). Its aim is to process,
structure and annotate this information in a way that is tuned
for the requirements of e-commerce personalization services.
Secondly, SOCIALENERGY envisages cross-domain
e-commerce hyper personalized services that will offer a
great opportunity to retailers to dispose their products/
services beyond their company’s site in a targeted/efficient
and non-intrusive manner. In more detail, SOCIALENERGY envisages to provide: i) hyper personalized and nonintrusive e-mail personalization and couponing, ii) injection
of e-commerce content (e.g. audiovisual content, couponing)
and product/service recommendations through the environment of SOCIALENERGY to relevant virtual communities.
Thirdly, SOCIALENERGY targets the increase of
e-commerce transactions through automatic and intelligent product/service assortment recommendation services
for portfolio extensions that will be highly beneficial for
e-commerce retailers. Towards this goal, there will be used
information from: i) social network relationships’ and activities’ analysis, ii) communities in GSRN, and iii) LCMS.
Fourthly, an innovative service that SOCIALENERGY
envisages to offer through GSRN is to advance existing
e-commerce paradigm through collective e-commerce services and bottom-up collaborative crowd-funding services.
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This can be done through the development of a modern
crowd-funding/investment system able to: i) ensure the scalable, self-organized and secure financial transactions, ii) offer
to its users the capability to provide conditional funding
(e.g. donate/invest in case that the number of investors and
the total amount is higher than a threshold), iii) give the
financial incentives to the members of SOCIALENERGY
communities to participate in these activities, and iv) advertise the crowd-funding efforts through the SOCIALENERGY
platform.
Finally, SOCIALENERGY envisages the combination
of collective e-commerce services with Community Based
Social Marketing (CBSM) [18], which is an alternative to two
pervasive models about behaviour change (i.e. the attitudebehaviour model and economic self-interest model). The
former suggests that informing individuals and convincing
them to adopt a positive attitude towards a particular action
will suffice for them to change behaviour. The latter assumes
that individuals will always change their behaviour to maximize financial benefit. Neither of these older models has
sufficed to close the gap between the energy savings we
know are out there and the participation levels necessary to
address them. CBSM, in contrast, targets a community (the
social context) with all the respective benefits as analysed in
sections II and IV.B.
Fig. 7 illustrates the advanced e-commerce services
that SOCIALENERGY system envisages to implement and
release in the market. Of course, cross-domain partnerships
are required with various market stakeholders by following
an appropriate business model, which is out of scope of this
paper.

strategy and the type of its customer portfolio’s needs. For
example, a utility may opt only for the GSRN-GAME solution, while another one may opt for a GSRN-RAT-LCMS
solution, etc. SOCIALENERGY aims to constitute the platform that will not only mediate the future energy market, but
will also harmonize demand and production in it through its
very innovative and advanced features like the game, the support of sophisticated research algorithms for dynamic energy

TABLE 4. SOCIALENERGY’s market applicability in the 2030 smart
grid era & beyond.

FIGURE 7. Advanced e-commerce and social innovation services.

V. REAL MARKET APPLICABILITY AND FUTURE
CHALLENGES TOWARDS 2030 ENERGY MARKETS

In its current form, SOCIALENERGY platform can be
directly exploited by today’s electric utilities and ESPs in the
retail market as a stand-alone product based on the business
model proposed in this paper. Its ‘‘modularity-by-design’’
feature offers the flexibility to the targeted customer segment
to customize its own S/W platform based on the business
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pricing and management of VECs, and the development of
LCMS, which guarantees the long-term user engagement and
continuous learning of good practices on energy efficiency.
Furthermore, regarding SOCIALENERGY system’s market applicability in the future, it is designed in a way
that it can be easily integrated as a S/W component in
much more complex systems of the 2030 smart grid era
and beyond. Table 4 provides a summary of possible
SOCIALENERGY system’s extensions in order to serve various business models of several emerging market stakeholders
in the future.
SOCIALENERGY S/W platform can serve as a perfect
substrate of a future transactive energy or P2P energy trading platform operated by a progressive electric utility/ESP.
As today’s DSOs are gradually transformed into distribution service orchestrators, SOCIALENERGY could also be
integrated in an Advanced Distribution Management System (ADMS), whose responsibility will be to continuously
provide ‘stability as a service’ by deploying various tactics such as: interrupting the electricity supply to electric
vehicle recharging stations, sourcing power from embedded
combined heat and power generation, tapping into grid-scale
storage, sending RTP signals to consumers, applying Volt/
VAR/frequency control methods, etc. SOCIALENERGY
could also be a part of a cyber-physical system via the use of
a mixed/augmented reality application deployed by a smart
BMS in collaboration with an IoT/telecom service provider.
The proposed ‘virtual marketplace’ component could also
be considerably enhanced and be integrated in e-commerce
service provider’s platform. Policy/decision makers could
also exploit SOCIALENERGY as part of an e-governance
and policy modeling platform for energy efficiency. Other
forms of ‘‘social innovation’’ can also be boosted such as the
opportunity for end users to collaboratively participate in the
design of a new policy, EP, product, EIDaaS, etc. or learn
about good practices on energy efficiency in a collaborative
and socially inclusive manner. Finally, as private investment
funds need strong techno-economic tools to be able to secure
and manage the risks of the whole investment lifecycle,
SOCIALENERGY could be a good basis for providing such
kind of services in the future.
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