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Abstract. Sustainability and innovation are strongly connected in terms of productivity and finding
innovative solutions for the short and the long terms. The purpose of this article is to analyze ICT models
for innovation and sustainable development processes in the energy management sector and to identify
possible solutions (Lebanese case). Using the comparative analysis method, the article will illustrate the
difference between using ICT models in innovation and sustainability in energy management and the
previous models used for energy production and management focusing on the results after implemen-

tation.
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1. Introduction

The world is living now in an era where most of
our daily life devices are connected directly or in-
directly to the internet. The information and com-
munication technology (ICT) is the base for any
technological improvement for any products, ser-
vices and even processes that are created by the
public and the private sectors. Information and
communication technologies and their based in-
novations will provide very potential cost-effec-
tive solutions for the communities and the coun-
tries to deliver the essential and very urgent
changes needed in the energy management sector
(Janez Moran, Profaizer, Herrando Zapater, An-
dérez Valdavida, Zabalza Bribian, 2016). ICT for
energy management systems and resource incor-
poration should be taken into consideration in or-
der to increase the productivity and to sustain the
resources used on daily bases. ICT surely will
have an essential yet positive effect on energy pro-
duction, direct and in indirect ways (Ollo-
Loépez & Aramendia-Muneta, 2012; Repke &
Christensen, 2012; Bekaroo, Bokhoree, & Pat-
tinson, 2016).

There are main challenges that are facing the
world in the energy sector, the main concerns are:

— Reduce the energy consumption

— Find low cost and low carbon emission

energy supplies

— Replace the current fuel producing
power plants to alternative fuel and sus-
tainable energy resources

— Implement new technologies and share
the knowledge about new inventions that
might help the energy sector

— Governments should be really strict in
taking smart and green decisions and fi-
nally the world should be open to ICT in-
novation in this sector.

Since most of the developing countries in-
cluding Lebanon are facing problems with the en-
ergy sector, the scientific problem of this article is
finding the best possible solution using infor-
mation and communication technologies integra-
tion in the energy sector.

Energy sector mainly can benefit from the in-
tegration between the innovation and the infor-
mation and communication technologies in order
to have sustainable solutions on the long run. In-
novation activities and technological advance in
all spheres of social and economic life, as well as
creation of knowledge based society and know-
ledge economy in general could be defined as an
especially important priority of the development
processes and changes in the society, its life and
culture under contemporary conditions of global-
ization (Raudeliiniené & Davidavicius, 2017;
Raudelitiniené, Stadnik, & Kindaryté¢, 2016;
Melnikas, 2016).
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Innovation is the key element for moving the
energy management concept from the current po-
sition to a futuristic innovative sustainable level
(Antonioli & Mazzanti, 2017; Franga, Broman,
Robért, Basile, & Trygg, 2017; Naber, Raven,
Kouw, & Dassen, 2017). The energy scare re-
sources nowadays are on their way to cessation in
the next hundred years because of the increase of
energy needs and climate change, therefore, the
combination of information and communication
technology with innovation must reach to a level
where they must help the energy management sys-
tems to sustain the current scare resources and im-
prove the sector to satisfy the increase of energy
needs and to cope with the climate change
(Sokona, Mulugetta, & Gujba, 2012; Ishida, 2014;
Staub, Kaynak, & Gok, 2016; Naber et al., 2017).
The innovation solutions must be created and de-
signed to solve issues of economics, feasibility,
and safety in the energy management sector de-
velopmental approach.

The developmental approach must include
all major technology breakthroughs in power
sources, grids, energy storage, and ICT (Z. Liu &
Z. Liu, 2015). The results of the technological de-
velopments should focus on the productivity of
the power sources, manage the distribution pro-
cess and finally keep the system error and problem
free. Social responsibility in addition to the polit-
ical obligations appear to be the primary motiva-
tion for the futuristic developmental approach
(Ngar-yin Mah, Wu, & Ronald Hills, 2017). Then
the governments should work to put all of the po-
litical problems aside and work together in order
to achieve a policy that will lead to the implemen-
tation of the development of the energy sector.
The social actors should also collaborate and put
their efforts with the governments not only for
supporting the process rather than to find applica-
ble solutions and provide studies to choose the
best option that might the governments choose for
implementation.

The solutions for the energy supply deficien-
cies vary, every solution can depend on the coun-
try geographical location on the map and its’ na-
ture. The key areas of innovation in the sustain-
able energy production include wind, solar, ocean
power, distributed generation, and other renewa-
ble energy technologies (Z. Liu & Z. Liu, 2015).
The investments in the sustainable energy solu-
tions can have a major impact on the development
of the countries that are lacking the energy power
supply, or still using the oil to produce energy
(Buracas, 2016; Mosannenzadeh et al., 2017;
Silvast, 2017).
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The purpose of this article is to analyze ICT
models for innovation and sustainable develop-
ment processes in the energy management sector
and to identify possible solutions (Lebanese case).

For reaching such methods as literature anal-
ysis, synthesis, survey and descriptive data analy-
sis was employed.

2. ICT use: challenges and opportunities

Scientists are considering the information and
communication technologies as the futuristic so-
lution for many problems that the governments
are facing locally and globally. They also defined
ICT as a technology that is used for general pur-
poses, which is convincing, credible and the po-
tential of spreading quickly is very high, it expe-
dites and persuades firms to adopt more effective
and efficient structural forms (Bekaroo et al.,
2016; Buracas, 2016; Liao, Wang, Li, & Wey-
man-Jones, 2016). The purpose of using the ICT’s
in various fields and sectors it’s because the abil-
ity of it to be functional and helpful in developing
solutions for many operational complications.
New technologies can help economies, industries
and firms grow and succeed, and the large number
of government initiatives to foster the spread of
ICT is testament to the expectation that ICT has a
broad societal impact that may even go beyond the
economic effects (Cambini, Ward, & Kretschmer,
2013). ICT role as a technological tool is to open
job opportunities and generate income, is to ex-
pand access to help meet their social and eco-
nomic development objectives and also to extend
ability to use technologies in order to reach the de-
velopment objective of a country (Savulescu,
2015).

When talking about new technologies, it di-
rectly reflects on innovation and how the inven-
tion of new technologies can push towards finding
new sustainable and affordable solutions for en-
ergy management in the developing countries.
When talking about energy management, the most
immediate energy priority for developing coun-
tries is to expand access to help meet their social
and economic development objectives (Sokona et
al., 2012). From here we see that the development
of the energy sector can help the developing coun-
tries to have more stable economic situations
which will lead to the development of society it-
self. Not to forget that the innovation lead by the
information and communication technologies will
play a major role in providing cost effective solu-
tions for the countries and the communities to-
gether.
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Modern countries and cities are developed
and managed basically taking into consideration
the significance for sustainable development, sev-
eral inventiveness have emphasized how ICT can
be used to achieve cities’ powering targets by us-
ing effectively and efficiently the scarce sources
of energy (Tabsh & Davidavi¢iené, 2016). The
sustainability in developing countries opens a
statement about the possibility to improve the
lives of the people living in these countries. Not
to forget the financial, educational and psycholog-
ical problems that are main factors facing these
implementations. Information and communica-
tion technologies are the way of which we should
use to successfully complete any sustainable de-
velopment project, the main reason for that is
communication is determining the world widely
and rapidly. Once a specific information and com-
munication technology (ICT) innovation has been
decided on, it is usually in everyone’ s interest to
make it work as efficient as possible, and a crucial
part of the knowledge concerning how to do so is
usually dispersed among people working with the
ICT innovation in their daily routine (Hansen &
Nerup, 2017). Innovation in the energy manage-
ment systems should be linked to a strategy and
business planning process, as innovation sepa-
rates to business strategy, it might be a very high
risk of converting the key resources and destruct-
ing the focus on goals and targets of an organiza-
tion. Innovation if not managed in the right direc-
tion, it could be a great aspect of losing resources
and time, thus, putting the right efforts for inno-
vation in any organization can be a turning point
for success and achievements (Sokona et al.,
2012; Lee & Trimi, 2016; Antonioli & Mazzanti,
2017; Tayal, 2017).

As long as the innovation is put in the right
direction to help the developing countries, the
more the innovation the more it will be helpful
and useful to achieve countries targets and goals.
Innovation if it is not managed in the right direc-
tion, it will have a huge impact on loosing re-
sources and time. Putting the right efforts for in-
novation in any developing country can be a
turning point for success and achievements
(Edomah, Foulds, & Jones, 2017). That’s why
linking ICT’s to innovation management will lead
to results in managing the current energy re-
sources and in innovating new strategies in pro-
ducing renewable energy and managing it. Inno-
vation is the art of creating and inventing new
ideas and effectively putting them in people’s
hands to solve difficulties and create chances
(Z. Liu & Z. Liu, 2015).
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3. Sustainability and innovation in energy
management

Sustainability and innovation are strongly con-
nected in terms of productivity and finding inno-
vative solutions for the short and the long run
(Rutkauskas, Stasytyté, & Michnevic, 2014; Lee
& Trimi, 2016; Ngar-yin Mah et al., 2017). Many
countries are persuaded that the more green and
environment friendly they are, the less the effort
is needed to save the earth from pollution. Coun-
tries believe that the additional costs put in the di-
version from the traditional energy production
and energy management to an innovative power
supply system will definitely pay off on the long
term (Ishida, 2014; De Vries, Boon, & Peine,
2016; Tabsh & Davidavi¢iené, 2016; Silvast,
2017). The pursuit for sustainability is starting al-
ready to transform the economic structure, which
will lead the countries to change the way they
think about processes, technologies, and services
provided to their citizens (Silvast, 2017). These
changes will force the countries to go through a
path of change that will divert the production pro-
cess of the energy supplies that they are producing
these days. Going green is really cost effective
and cost efficient, as the developing countries are
going into green energy production, this will play
a major role in reducing the cost of the produced
energy in the future because the cost that will be
invested nowadays will be an asset (Zhang &
Liang, 2012; Liao et al., 2016; Antonioli &
Mazzanti, 2017). For example, when a country re-
places the electrical supply from the traditional
gas source to the solar panels, this will cost the
country a bit at the beginning but on the long run,
the country will reduce the electricity bill on their
citizens, thus the cost of the electrical supply paid
on monthly basis will be reduced which will lead
to economical enhancement in the societies. To-
day, countries have no choice but to heed man-
dates and satisfy environmental standards set by
the European Union (EU) and the World Energy
Council (WEC). These standards are set by the
World Energy Council and they defined the en-
ergy sustainability that rely on three fundamental
pillars: energy security, energy equity, and envi-
ronmental sustainability, putting balance for these
three goals creates a ‘Trilemma’.

The “Trilemma” is the basis for wealth and
attractiveness of the countries, the plan introduced
in 2010 contains goals of producing more of
power generation from renewable and green
sources, also one of the goals is to reduce the oil
energy production and usage in addition to the
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Carbon Dioxide emissions (World Energy Coun-
cil & Wyman, 2016).

In this phase, the responsibility is on the gov-
ernments and the policy regulators to put an action
plan for the transition from the traditional energy
production to more advanced and clean energy
production. For sure that the citizens need this en-
hancement in the energy management sector for
economic and social reasons, the more the people
are involved in the making of the new policies, the
more they will be adaptable in accepting the new
change.

For sure, the need for sustainability is starting
to convert the landscape competitiveness, which
will put pressure on governments to change the
way they think about products, services, technol-
ogies, business models and processes (Nidumolu,
Prahalad, & Rangaswami, 2009).

Developing explicit criteria and putting a tool
to measure the performance against the set objec-
tives of involving the technology with innovation
to develop a new energy management system will
surely become an essential motive of behavior
transformation within the governments in the de-
veloping countries. This also will ensure that sus-
tainability will be on the full scheme of being used
and getting the correct output for enhancing the
future of the developing countries.

4. ICT and innovation in energy management

The past years have witnessed spectacular im-
provements in Information and Communication
Technology (ICT) diffusion and innovation. Put-
ting devotion and innovation in ICT has been sig-
nificant worldwide, with important effects on tel-
ecommunication infrastructure. Information and
communications technology has clearly trans-
formed our daily life, the role of ICT as a major
factor in resolving a wide range of universal chal-
lenges is often unnoticed. ICT in collaboration
with innovation have the ability to transform the
lives of people around the world, especially in de-
veloping and developed countries as well. ICT
alone doesn’t have the ability to solve all of the
energy management problems in the world, but it
can and should be a major element of solutions.
ICT and innovation can be measured as a process
that compiled two major components or elements,
the introduction and implementation stages. The
introductory phase requires the generation of in-
novative and useful ideas that can be accepted in
coming up with useful solutions for the energy
management sector in the developing countries
and to make it useful at the implementation stage.
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Innovation seems to be a major factor for the ef-
fective implementation and use of new technolo-
gies. Regional innovation cultures emphasize the
importance of certain regional characteristics,
such as habits and routines, institutional frame-
works, and the level of expertise and resource net-
works that may favor the transformative uses of
ICT, and therefore its possible impacts.

The innovation is highly connected to the in-
formation and communication technologies, in
our century the more we focus on creating inno-
vative solutions to help the energy management
industry that we focus on, the more we succeed to
push this industry to the next level of effectiveness
and efficiency. The ICTs can work directly with
the innovative solutions to monitor, control and
adjust processes during the energy management
enhancement project execution. The more high
technology we have, the more we will be able to
control and the more we will be able to accom-
plish our targets. To be more innovative by using
ICTs, smart clouds or intelligent clouds can be
used to save, transform and share data with other
users. Intelligent clouds is going to create new
value connections in the energy management in-
dustry. Some of the indications can include data
mining, data sharing, and data compiling. By us-
ing the intelligent clouds, new chances will open
for all the people who are involved in this connec-
tion chain from the manufacturer which can be the
government or the private sector to the customer.
On the other hand, technology is offering new in-
struments and tools to engage customers through
online platforms, social media, and customer rela-
tionship management. Because of that, customers
work in a better way as brand representatives and
co-designers of value. In this sense, technology
grants service firms new means to fundamentally
change the context in which they deliver services,
such that they can establish and maintain more
personalized customer relationships. Many firms
acknowledge the importance of engaging and nur-
turing the creativity of their employees. Such
firms offer initiatives to ensure the people within
the organization have appropriate environments
and support, to nurture their creativity and inno-
vation (Rutkauskas et al., 2014; Franca et al.,
2017).

Another aspect of innovation is using the
smart devices connected to the information and
communication technologies. Smart devices is
changing our lives in many ways, these ways
range from simple tasks to do such as ordering
some food using mobile applications, to funda-
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mentally new business opportunities that is in-
volving services to be invented and markets to be
discovered. Combined with innovative and intel-
ligent data management processes, smart devices
can improve the productivity and profitability in
more effective and efficient procedures in any
businesses.. In order to enable the distribution of
smart devices, these devices should be cost effec-
tive and the cost of managing and monitoring
these devices must be low and affordable. The
role of the smart devices in the energy manage-
ment systems is very important and crucial, using
the smart devices will give feedback about the en-
ergy consumption, any technical problem that is
currently happening and finally it will be used to
determine any futuristic problem with any energy
production device connected to the system.

An incorporated energy sector market is
wanted to generate more competition between the
companies generating energy, which will lead to
higher market proficiency through improved use
of energy generating facilities throughout the
world and to provide reasonable prices for con-
sumers (Silvast, 2017). The theoretic problem of
creating a sustainable and innovative energy man-
agement system is that most of the developing
countries are controlled by corrupted govern-
ments (Tabsh & Davidaviciené, 2016). ICTs hard-
ware and software cannot work without electric-
ity, on the other hand, energy management sys-
tems in the developing countries must depend
completely on ICTs to have the appropriate im-
provements in the sector. ICT tools allow ex-
change of information: websites, social networks,
and project management tools such as wiki, pod-
casting and information retrieval tools (Davi-
davi¢iené & Raudelitiniené, 2010).

5. Energy sector problem — Lebanon case

Lebanon, since the war against Israel in the sum-
mer of 2006, is facing a catastrophic situation in
the electricity provided by the Ministry of Elec-
tricity, because during the war, the major electri-
cal power generator plants were destroyed. Leba-
nese government nor the municipalities are unable
to fulfill their duties in implementing the renewa-
ble energy systems due to legal constraints and fi-
nancial dependency. The two major financial re-
sources for municipalities the Independent
Municipal Fund (IMF) and the local taxation- are
not sufficient to promote community development
and sustainability initiatives (Khoury, 2012).
Moreover, the municipalities lack the essential
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technical guidance and capacity to apply to exter-
nal loans and grants provided by bilateral and
multilateral agencies, which keep the necessity
level very high in providing the citizens with al-
ternative solutions other than the electricity pro-
vided by the government. Forty years ago, Leba-
non used to produce enough power to be able to
export a part of it to Syria, the largest neighbor.
Currently, Lebanon is barely able to cater for its
national energy demands, there is hardly enough
electricity to keep street lamps on at night. The
current situation is horrible that even refugees
fleeing the conflict in Syria are complaining. The
governmental paralysis and the corruption affect-
ing the developmental strategies in Lebanon has
started since the civil war and it is continuing till
our present times.

In a country where the gross national income
per capita is $9,800, according to the latest World
Bank estimates, the Lebanese families spent on
average of $1,300 on electricity, around $900 on
generators owned by locals in the neighborhoods
during the year of 2016.

A survey was conducted by the authors in
Beirut, Lebanon during the fall of 2017 about the
renewable energy, the aim of the research was to
know more the Lebanese citizen’s awareness
about renewable energy available. Sample size of
386 calculated taking 61.3 percent (age 15-65) of
inhabitants from all 6 million populations with
confidence level 95 percent, confidence interval 5.
In total 200 completed questionnaires were col-
lected in Beirut. The results show two major fac-
tors in this survey. The first factor was the Leba-
nese participants were unaware of the renewable
energy supplies available in the market and the
second factor was that the participants have hesi-
tancy in having these new devices for many rea-
sons. The responsibility here is on the government
who didn’t support the suppliers to have these
power supply systems by reducing the taxes on
such devices, and in addition the Ministry of En-
ergy didn’t do the right approach in conducting
awareness sessions for the citizens giving them
the benefits of having solar energy systems at their
places.

43% are very aware of the solar energy tech-
nologies, 52%, are little aware of the solar energy
technologies. From the above results, were no-
ticed that the majority of the participants 52% are
little aware of the solar energy technologies, this
because the solar energy technologies entered the
Lebanese market very recent, people in general
are curious about anything new but they are afraid
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of trying this technology, the government is not
helping the suppliers in doing enough marketing
campaigns to attract customers. 43% are very
aware because we are living in a technological era
where everything is available online, so these peo-
ple tend to read and search about it to have more
knowledge.

The Lebanese citizens in general are unaware
of the renewable energy technologies because of
the unclear functions of these systems, none of the
actors are connecting the features to the benefits
of these devices which made them more vicious
to the end users (Ibrahim, Fardoun, Younes, &
Louahlia-Gualous, 2013; Khodr & Uherova
Hasbani, 2013; Al Zohbi, Hendrick, & Bouillard,
2015). The second question was about the factors
that preventing the customers to have the solar en-
ergy power systems at their places. The results
were very logical here, affordability came first,
then the lack of awareness. This support the au-
thor’s opinion that the awareness sessions and the
price of these devices should be available to every
Lebanese citizen. The below figure shows in de-
tails the results collected from this survey about
this question.

The majority of the participants 43% can’t
have solar energy technology at their homes be-
cause they can’t afford it, the prices of this tech-
nology is very high in Lebanon and the govern-
ment is not helping that much in supporting the
citizens to have solar energy at their homes. 20%
of the participants lack awareness, the govern-
ment and the suppliers of the solar energy tech-
nology are not doing the right marketing cam-
paigns to encourage the people on buying this
technology. The cost of the solar panels ranges
from $10,000 to $35,000 for most households, the
loans are making this an attractive option. Diffi-
culties are still there. Most of the people live in the
cities where they don’t have space for the solar
energy panels on the roofs, add to it there is still
not much awareness about renewable energy in
the country. 18% finds it in convenient to install
solar energy while 10% of the participants have
solar energy technology installed at their homes,
these people for sure have high income and they
are able to use this technology at their homes, the
payback of installing the solar energy technology
is calculated in around 7 years after installing the
solar panels, after 7 years, whatever the duration
is, it will be as a winning stage for the owner as
the solar energy system will be for free.

The final question had the sharp answer for
the government and for the private sector, the
question was if the objections of having the solar
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power systems were cleared would you buy these
power systems? It is that clear that people are in-
terested in the solar energy technology, 96% gave
the acceptance for the solar energy technology if
it was cheaper, more convenient, the suppliers and
the government make intensive awareness cam-
paigns about it and finally try to build the trust be-
tween the participants and the suppliers about the
solar energy technology and how useful to install
it at their homes.

From the above results we see that the Leb-
anese people are willing to have a new innovative
technology, that’s because the majority of the
Lebanese society is composed of youth and edu-
cated people who are willing to invest money in
an energy management system that will save their
environment and their money on the long term. In
order to evaluate the full consequence of imple-
mented ICT solutions in the energy management
systems, it is significant to take into consideration
all the direct and the indirect transformations
caused by this implementation, including the ef-
fect from the ICT solutions through the entire
lifecycle. This can lead to the result of the im-
portance of merging the ICT’s to the energy man-
agement system implementation with policy and
planning procedures, to make sure that the effi-
ciency and effectiveness gains actually lead to a
reduced use of energy have also been proved.

There are many used prototypes to solve the
energy management sector problems in the world,
due to the bad economy factors, corruption and re-
gional position, the Indian example can be imple-
mented in Lebanon with some minor adjustments.
In India the energy sector was facing a lot of prob-
lems, due to several factors that played a negative
role in the innovation and in the development of
the sector. Thus, Lebanon is facing a lot of these
problems yet there is a good hope in doing devel-
opmental strategies to the energy management
sector in Lebanon by using the Indian prototype.
Recent studies showed that India is in the 13% po-
sition in using the renewable energy systems
(Monforti et al., 2014; Hazarika, Gogoi, Jose,
Das, & Basu, 2017; Zhang & Xuan, 2017).

6. Conclusions

When innovation is linked to the communication
and information technology, successful results
will certainly appear. The ICT’s generally depend
on innovation, and with the era of wireless com-
munication and information sharing, the innova-
tion management will play a major role in keeping
the ICT’s on the right and correct track when it
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comes to monitor and control the energy manage-
ment systems. ICT’s can’t solve all the worlds’
problems, but at least it will help in providing the
needed platform for innovation to take place and
be part of the change. When connecting the inno-
vation to the information and communication
technologies, a lot of positive results will be
linked to the success of the energy management
sector, the positive aspects will be counted, such
as, creation of innovative solutions for solving the
electricity problems for the developing countries,
connecting similar projects together to serve the
need of the communities for electricity and finally
empowering the citizens and the municipalities in
adapting and creating new energy management
projects and try to implement them on the national
level with the help of the government and the help
of the ministry of water and power supply.

Nowadays, less than 10 percent of all of the
energy used worldwide comes from renewable en-
ergy resources, the major question here is why we
are not using the renewable energy if is it safe to
the environment and it is automatically renewed?
The answer is very simple, it is because these en-
ergy solutions are expensive and many people
don’t trust them. Governments should have the
ability to encourage the citizens to use these solu-
tion, provide support and educate the citizens
about the positive aspects of using these solutions.
Also the governments should support the suppli-
ers of these systems and make these systems tax
free so it can be used by a wide range of people.

ICT’s with the support of innovation can be
in a great partnership to find sustainable and suit-
able solutions for the energy management sector
in the developing countries. Politicians are the key
factor for not implementing these systems and so-
lutions, these politicians must think about the na-
tional value for adapting new solutions in order to
help their country, otherwise, corruption will be
on the other side fighting the new systems and
technologies not to enter the market in order not
to finish the corruption’s era.
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