Innovative Sustainable Energy Solutions in Smart Gies
Alla Oskina

(Dott. Alla Oskina, Sapienza University of Rome, Coiitaly, email: alla.oskina@yahoo.com)

1 ABSTRACT

Rapid urbanization poses multiple environmental smclal risks. More than half of the world’s pogida
lives in cities today, and cities account for tirds of global energy demand and around seventepéeof
global CO2 emissions. Energy management in urbajoagrations becomes a strategic factor in the
process of decarbonization of global economy. [giton offers some revolutionary solutions for
sustainable energy transition and enhancing ersffgyency. The most important concepts are Smétst, C
Smart Grid and Smart House. The general objecfitkeopresent research is to verify if new techgus,
promoted by digitization, could remedy the negatingact of urbanization on the environment and to
estimate how significant their contribution coulel b
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2 CHALLENGES AND OPPORTUNITIES OF URBANIZATION

2.1 Demographic and economic trends

The process of urbanization has significantly ametéd in recent years. Over a period of just bty the
speed of urbanization has quadrupled.The last jdropy 13 percent of urban population in 1900 to 55
percent in 2018, owes something to science andtdotpy. The world's population has been experiencin
rapid urbanization since 1950. By 2050, 101 coestshould have more than 80percent of the urban
population, which is opposite to the overall dimttion of rural-urban populations in the mid-208ntury

(UN DESA, 2018).

Apart from a high speed, the process of urbanimatias obtained some new features not to be
underestimated. First of all, when it comes to firlenomenon of urbanization, it no longer refers to
megacities with more than 10 million inhabitantssgite of being financial and cultural centers, auities

do not more represent the majority of the urbanufadmn and are not the fastest growing urban csnte
Small and medium - sized cities currently accdantibout 58 percent of the world's urban poputatad
are growing at faster rates (UN DESA 2018). In saatontext it becomes appropriate to talk aboutialu
role of urban agglomerations in sustainable devatoy of rural neighbourhoods, especially in thentoes
where the percentage of rural population remairgh.hi The second significant feature of modern
urbanization is that it is not more closely linkiedthe industrialization process and economic ghoarid
sometimes is rather associated with unbearabldealth-damaging living conditions. The reason Fis ts
that most of rapidly urbanizing countries belonghe middle-high income countries, like Brasil, Gdilran

or Mexico, or even low-income countries, like Nigeor The Democratic Republic of Congo. More thén 9
percent of future urban population growth is expécto be in low- and middle-income countries (UN-
Habitat, 2016). Many of the small and medium-sizétks do not have the technical capacity to cohduc
such an important urban development process arfier Stdm unintended difficulties (e.g.: climate clge)
without being able to take preventive measures itmpeding their planning capacity. As a resuk, ability

of urban governments to protect both natural resmuand the rights of their citizens is severatyited.
Such areas carry significant risks, but they a¢gwasent the greatest opportunities for futurerdgreese gas
emission reductions, because their form and unhi@astructure have not been already established.

2.2 Environmental issues and international urban coopeation

Elaboration of a new urban model to implement ipidly growing cities all over the world becomes a
crucial factor in a fight against climate changke Bcale of contemporary urbanization is now sgeldinat it
affects global resource flows and global cycledddization affects the entire planet, not just orheeas.
Through networks of exchanges, migration and itfuature, cities are influencing the natural enviment
far beyond their surface. The damage caused byntmotied urbanisation increases proportionally fie t
context of media- and low-income countries, whervirenmental standarts are insufficient. Rapid
urbanization is leading to sustainability probldinked to segregation and rising social tensionggestion,
air pollution, waste, and the high consumption érgy and materials, often inefficient. Accordimgthe
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most recent report on the use of renewable energthe city, produced in 2019 by the International
Association for the Development and Promotion & Wse of Renewable Sources, cities account for 65
percent of total global energy demand and 75 peéraemglobal CO2 emissions (REN21, 2019). Such a
significant carboon footprint of the cities is cadsby a strong dependence of urban economies ogyene
sector, which over the past 10 years has remaheethtgest contributor to emissions over any ofieetor
(IPCC 2014). In the nearest future global energysamption is destined to grow. Most of this groigh
expected to come from non - OECD countries, an@aalby from the countries where energy demand is
driven by strong economic growth, in particular Asia. Emerging economies' cities with a population
growth of more than 2 percent per year, for exanguie expected to account for 70 percent of glghavth

in energy consumption by 2030 (IRENA 2019). Atstipioint, implementation of innovative sustainable
energy tecnologies in urban areas could becomg tokaecarbonising the global economy.

Such a point of view is commonly shared by therma&onal cooperation bodies. Thus, even in onthef
first declarations of the UN on sustainable develept "The Future We Want" (A/RES/66/288) in thenpoi
128 the need for energy efficiency measures in rugplanning was highlighted (UN Rio +20, 2012).
Eventually a significant role in the urban energgnsition was occupied by the innovative technasgi
Thus, in the New Urban Agenda, signed during théddrnNations Conference on Housing and Sustainable
Urban Development - Habitat Ill in 2016, smart gridistrict energy systems and community energgspla
are seen as the key tecnologies to successfuliadagft sustainable renewable energy in end-usesct
and for improvement of synergies between renewatdéggy and energy efficiency (UN-Habitat, 2016). On
the non-governmental level two key internationajamizations dedicated to sustainable urban devedopm
are to be mentioned: C40 and Global Covenant ofdviayThe C40 is a network of megacities around the
world, committed to tackling climate change. C4@lgas cities to collaborate effectively, share kisolge
and promote meaningful, measurable and sustairedilens on climate change. According to the 2017
annual C40 report, cities have the potential taridmute to more than 40 percent of the emissiomicédns
needed to fulfill the Paris deal's highest ambgi@md avoid climate change (C40, 2017). The C4e<it
Finance Facility provides intensive technical d@asise to project preparation for C40 cities in dep®g
countries. The promotion of the use of renewabkrgias is considered as one of the priority adtisiof
C40. In 2017, the Clean Energy Network was estabtidoy the C40 to support the efforts of membéegit

to plan and implement initiatives in order to irese the supply of low-carbon energy. Member chigge
shown an interest in starting to use a wide rarfgeermewable energy sources on and off site to deovi
energy for residential, commercial and municipaildigs. Another important C40 project is the "C40
Cities Bloomberg Philanthropies Awards". The awaats granted annually in five categories, including
Cities4Energy, dedicated to the application of gpezfficiency technologies and the use of renewable
energy in the cities of the United States and tloeldv(City4Energy US and City4Energy Global) . The
awards provide global recognition for cities theg demonstrating the leadership in the fight agailsate
change by implementing high tecnologies.

The Global Covenant of Mayors for Climate and EgdgCoM) is the largest global coalition of citiesd
local governments committed voluntarily to activelymbating climate change and moving towards a low-
carbon, climate-resilient economy. Establisheddh@ it is aimed to adress three key issues: olirnaange
mitigation, adaptation to the adverse effects ahate change and universal access to safe, cledn an
affordable energy. The three GCoM initiatives addréhe vital need for research, innovation, tedinic
assistance and intelligence in urban areas to pustsignatory cities to contribute to a global @im
solution. These initiatives, Innovate4Cities, D&dkes, and Invest4Cities, focus on developing tiest
generation of knowledge, data, tools, and techriopport, through which local politicians can addréhe
challenges of sustainability (GCoM, 2018).

3 ENERGY MANAGEMENT IN SMART CITIES

3.1 The concept of Smart City

Even if having a noticeable carbon footprint, cfi@t the same time, are the centres of technalbgic
innovation and scientific research. Strengtheningsl between cities and education institutions Hadeto
rapid technological progress in urban areas. Seliemomenon of digitization has arisen, charaadrizy

! Residential, commercial and industrial buildinigslustry, transport, waste and sanitation
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some scientists as the fourth industrial revolubenause of the amount of changes that it's bringdme of
the most significant ones is those of Smart Citgsing launched as an experimental project realseld
industry giants Cisco and IBM, it became, in 2020ather social phenomenon, shared in real timeseys

of different digital services. Many cities claim lbe smart. The phenomenon of smart cities was foroye
several technical concepts. Among them are: Infaonmaand Communication Technologies (ICT), Smart
Grid technologies, the Internet of Things (loT)dahe technologies that are encouraged to increasey
efficiency in buildings, combined under the catggof Smart House. The main feature which distingess

a smart city from a traditional model of urban aggération is a presence of an additional digitgkiaover
the urban infrastructure. This digital layer presdan interconnectivity and a big range of newisesy
delivered through multiple apps.

The first generation of Smart Cities is represefigdhe cities built from zero by the giants of thdustry
4.0, such as IBM and Cisco. Smart Cities have Ipeejected as technological and efficient citiesigeed

to attract innovators and become the centres dintd#ogical progress. Technology solutions for tinstf
generation smart cities were imposed by IT muliometls Cisco and IBM and were designed mostly as
commercial products. The general concept of Smiige<Cis hiding behind the two first largesde smart
city projects: Maasdar City (UAE) and in Songdot Korea). The main difference which Both first-
generation smart cities were developed near intierre airports and modern megacities with a commo
incentive not only to promote an innovative urbafrdstructure model, but also to attract the "start
citizens from different countries around the wofltie second objective, despite significant investisichas
not been achieved. The possible reasons are iexitlasion of the social factor from urban developtme
strategies and in high costs of living. Despiteséheocial disadvantages, the first generation @irisoities
models have demonstrated the successful implen@mtat innovative solutions in the framework of a
sustainable energy in urban areas.

A rapid spread of smart cities has provoked a higjmte in the academic world. While in the earlgt21
century the concept was precepted as "the ratmatan of the city through technologies” ( Graham,
Marvin, 2001), over the years the concept becameasingly focused on improving the quality of gdile

of the citizens, exploiting the benefits of ICTslahe capabilities of sensors built into urbandsfructure to
optimize the management of electricity, transpant] other logistical operations (Chen 2001, Pa@idlp

In the coming years, science begins to talk abauhdn capital as a significant factor in smart sitie
(Caragliu 2012), making the concept increasinglgufed on well-being of the citizens (March 2016,
McKinsey Institute 2018) and the environmental aspd smart cities (Zygiaris 2013). Such an ovesvie
corresponds to the second generation of smarscitie

Unlikely to the first-generation, the implementatiof projects in the smart cities 2.0 is condudigdocal
authorities, with a steady increase in the parittgm of citizens, who represent the main targetigrfor the
implementation of services. Adoptation of innovatitechnologies in the context of already existing
infrastructures is a key characteristic of a newegation of smart cities. So very often it appearngractice

in the framework of urban requalification progransnand individual Smart Home buildings. main factor
making smart cities a key solution for global simghle development is the implementation of inniveat
solutions for sustainable energy, among which S@&d and Smart Building are the most important.

3.2 Smart Grid and renewable energy manageent

Traditionally, the energy was centrally producedldmge power plants, and was then transmitted tiesci
and then distributed to different consumers, sughh@useholds, companies or service providers. This
corresponds to a linear progression from centrligeoduction to decentralized distribution. The mnai
problem with these systems is their inflexibilitycarigidity, which create difficulties in accommadihe the
highest levels of energy produced from multiple rees. Traditional centralized systems of eleciyricit
distribution do not allow the small quantities afeegy to be counted. Such respectively small gtiesiti
often are lost due to unefficiency of the systemetdctricity ditribution. However, this landscajse
changing rapidly at all stages of its supply chdive production process is shifting from centralize
decentralized generation. Smart grid offers ancéffe solution for a decentralized energy distridutin
urban areas by implementation of ICT and loT tecgi@ls. In contrast to centralized systems, Smaid Gr
tecnology allows a complete inclusion of all eleity producers, independently from the amount roérgy
produced. All the quantities of energy distributeithin a Smart Grid together form a unique netwatiere
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all producers interact with each other. Communicatietween the producer and the consumer of energy
becomes bilateral. Thanks to the Smart Grid teduylthe energy generated in individual househotds
also be restored to the network. In such a framkewonsumer transformes into a so-called “prosunoér”
electricity?

A Smart Grid technology opens up great prospeatshi® introduction of renewable energy sourcesh t
modern urban energy infrastructures, reducing cfistsconsumers and making renewable sources for
energy production more competitive (Mommoh, 2012)is technology adresses both two main obstacles
for a widespread of renewable energy transitionstFof all, since renewable energy is nature-baged,
results impossible to maintain a constant eledtricitage all the time, as it occurs in case oflitianal
power plants. The amount of energy produced depemdgeather and climate conditions. Due to thisoiac

it becomes impossible to maintain a constant veliaghe electrical network, which is a necessaryddion

for the correct operation of most electrical appies. Smart Grid, being a flexible system, offens a
effective solution to this problem, providing theeuof energy from different sources at the same {m
order to maintain a constant electrical voltagee $bcond obstacle for renewable energy widespreae
from the first one. Such inconsistency in poweregation causes the need for powerful batterieschvhi
costs often exceed the cost of the power plantf.itehigh cost of storage batteries often hinddre
acquisition of solar panels by individual houselkolanergy storage plays an important role in tloegss of
energy production from renewable sources. It isartgnt both for load leveling and uninterrupted pow
supply. Powerful storage options are particulantypdrtant when variable sources are used in isolabed
autonomous power supply systems. An extremely bagit of powerful batteries is one of the main otista

to massive distribution of renewable energy powants. Smart grid tecnology enables its’ usersnd e

the grid the unconsumed amount of electricity anddt it back from the grid with significant pribenefits

in case of need. Such a function of smart grid reradhe necessity for a pricey powerful batterye hiost
practical example of this configuration is reprasdrby the wind energy production.

Wind energy is one of the most widespread renewsdlgces. Turbines produce electricity at affordabl
cost without additional infrastructure investmer@smpared to photovoltaic, wind is the most ecomaitty
competitive renewable source. The greatest disadganof wind energy is instability in the amount of
energy produced. This requires the use of powestiitemely expensive batteries to accumulate all the
energy produced and maintain the same level ailaligion over time. Smart Grid, by providing théieent
distribution of electricity from all renewable eggrsources, can compensate for the instability wfdw
farms. As wind energy itself has a very low cosprfduction, the prices for consumers in such vakere
falling significantly. Implementation of smart gritecnology for micro-hydropower energy production
demonstrates the same extremely positive effeatirdéjectric power is the world's largest and on¢hef
most affordable renewable energy sources. The sraante costs are low and allow micro-hydropower
plants to be installed in individual households.a8rmydroelectric generators work at variable speed to
changes in water flows. In the event of a decrégasiee amount of energy produced by turbines, timard
Grid makes it possible to remedy the amount of ggnenissing, using energy from other sources. Anothe
example where the Smart Grid is bringing aboutiSgant change is Photovoltaic. Within urban ardhs,
installation of solar panels on the roofs of théldings is becomming a common practice. Under urban
conditions, it is difficult to install a large plmtoltaic plant because of the lack of space. Seetlage quite
small amounts of energy produced on single solaelpalhe smart grid tecnology, which offers high
possibilities for the distribution of electricityitlvin cities, makes it possible to achieve a maxmrofit
from each panel, bringing all producers togetheainoommon grid. This allows, for example, individua
homes to restore the energy produced by their pallagels to the grid, thereby generating costs bkonass
energy, Smart Grid offers opportunities to enterulban energy market. The potential of indivichiamass
power plants is not sufficient to make them ecomatty competitive to participate in electricity ttiution

in urban areas. The Smart Grid allows a full indosof biogas energy in the energy circuit in urlaaeas,
rendering it competitive and convenient. Smart Gedhnology opens up unprecedented possibilities fo
consumers to directly control and manage their awdividual consumption patterns, in turn of prowvigli
strong incentives for efficient energy use when losm®d with time-dependent electricity prices. Aating

to the European Commission, Smart Grids will pushdevelopment of the future decarbonized elettrici
system (EC, 2011). The first large-scale smart graject in the world was launced by Italian mudtional

2 With the possibility to emit electric energy iretgrid consumers can at the same time be also pecslof energy
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energy company Enel Spa. one of the first in thddvmas introduced a smart grid tecnology to itErds in
2005 (Torriti, 2020). Since then, numerous italleuseholds have installed solar panels on the ap®ft
being attracted by a flexible system of energy &ition and emission back in grid,which permitsajly
pay back the cost of the panels. However, thepresit from the smart grid implementation can béanted
only if applied together with the adaptation of #rergy efficiency measures.

3.3 Energy efficiency and Smart Home

The decarbonization of energy infrastructure tagkse in two important ways: decentralized energy
distribution and energy efficiency technologies.eTincrease in demand for electricity and the need t
introduce the quantity of energy produced from veadde sources into urban infrastructures makesggner
efficiency technologies increasingly important.the context of urban areas, this is primarily abioedting
and cooling systems. According to data producethbyeuropean Commission, heating and cooling system
together account for 50 percent of EU energy denzartla large part of it is wasted. Although thetinga
and cooling sector is shifting to low-carbon, clearergy, more then 50 percents of the fuel usedills
coming from fossil fuels (World Energy Council, Z)1 Optimization of heating and cooling systems in
buildings could contribute to a significant redoatiin energy demand and the transition to sust&nab
energy infrastructure.

The concept of “Smart Building” is very close t@tboncept of smart cities. The Organization forrieeoic
Cooperation and Development defines the Smart Bwjlds a building based on a set of technologiat th
improve the energy efficiency of the building amdrease the level of user comfort (OECD, 2010). ffma
Buildings are closely linked to smart grids. Théshnology includes new and energy efficient buddin
materials and information and communication techgiels. Innovative solutions in building construantio
may include the designation of various thermal lzson technologies. One of the most common saohgtio
of today are different external panels of thernmaluiation, which can be placed above existing gl
making buildings more energy-efficient at a lowcpri One of multiple examples of “New Generatioh” o
energy-efficient building materials is a glass ptra is able to estimate and manage the amouwtaydight
that can enter the room. The building that ownsahechnologies already exists: it is The New Yhrkes
Building, designed by Renzo Piano, a famous Itadiaitect. The building has a continuous facade dlats
as a sunscreen and changes colour during the dweey.biilding is equipped with additional ICT-based
shadow control systems. The shading system detieetposition of the sun and relies on a network of
sensors to automatically actuate the tent lift dadn. The cheapest version of this technology éshigh-
reflectance and durable outside coatings applicabi®ofs and walls of buildings. These coatingteot
solar radiation in both the visible and the infcangarts of the spectrum. Applied on roofs and walls
reflection of solar energy reduces the temperaifitee roof and walls and therefore also reducesdating

of spaces under the roof and inside walls. Coatirighkis kind, applied in the warmest climate regpcan
save up to 15 percent of the energy consumptionairotonditioning. The costs of this technology are
affordable.

While innovative materials make it possible to mytie the heating and cooling systems of buildimgsnf
the outside, information and communication techgiel® (ICTs and IoT) optimize energy consumption
inside the buildings. ICTs can be integrated inidding management systems that control heatightitg,
ventilation and water circulation. Observation bé tinternal environment is carried out by the nuwuer
installed sensors. The results of developmentataption of innovative technologies that contribtde
further improvements in the energy efficiency ofildings in Europe and USA can be seen even now:
between 2020-2040 the total energy demand inersal sector in these regions is expected to dsere
without making any damage to the economy (Worldrgn€ouncil, 2019), unlike in the rest of the world
where rapidly growing energy demaswlild put under threat natural balance of the planet

4 CONCLUSION

Global urbanization poses multiple challenges flabgl leaders and local authorities all over thelldio
Among them rapid growth of urban populations in thiecence of necessary economic growth and
environmental impact of the cities. Urban agglorers are responsible for the majority of CO2 emiss
into the atmosphere. The growth of the urban pdimmdeads to an increase in demand for electrigityile
the energy production sector is responsible forntlagor part of emissions. Emissions from cities \aggy
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often the result of inefficient urban infrastru@srand insufficient interaction between differesttters of an
urban systems. With the prevalence in the globabgmtion of cities with a population of less thad0300
people, one can speak of a constant transformafitime rural population into the urban one. Itrigpbrtant

to emphasize that emerging countries, in recentsyeae facing rapid and often uncontrolled urbatmnin,
and governments in these countries very often thekinstruments and fundings needed to implement
effective urban infrastructure management. At t®es time high-income countries have already suciteed
reducing emissions through implmentation of newéémgies, such as smart grid or smart house. Aaegrd
to the latest data provided by the Internationaérgy Agency, an effective implementation of energy
efficiency tecnologies together with the expandialg of renewable sources resulted in a sharp roeat
CO2 emissions from the power sector in advancedau@s. At the first time since 2016 global energy-
related CO2 emissions have flattened in 2019 atrat@3 gigatonnes (Gt), following two years of gases.
(IEA 2020). Such a successful model should be dntced and possibly implemented in rapidly urbaigjzin
countries in order to prevent a distructive envinental impact of an uncontrolled urbanization imasnd
african countries. This transition of a highly-effiege model of urban infrastructures from high-imm
countries to media- and low- income ones shouldeadized on the basis of multiple global knowledge-
exchange platforms, dedicated to sustainable udsaelopment, such as UN-Habitat, C40 and Global
Covenant of Mayors. Innovative solutions for urbanergy infrastructures provided by digitization
contribute to acceleration of sustainable energgdition, significantly reducing costs of power getion
from renewable sources in the cases of all typesuisiainable energy sources. Application of therEQigy

and Smart Grid concepts in cities could help toucedthe negative impact of urbanization on the
environment. Technological development should kead decrease in the cost of technologies, sigmiflg
accelerating the clean energy transition processh &n approach opens up great prospects for atienal
cooperation in the area of urban development asthsable energy transition. A vital role of inntoea

and research in the process of reducing emissiomm® furban areas schould not be underestimated.
Therefore, scientific research has a significarle rim the implementation of sustainable development
projects. International scientific cooperation rsiagtal as far as it enables the development of vatiee
urban energy system solutions that base on a conexerience.
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