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1 ABSTRACT

Facing the multiplying challenges generated by emporary processes, cities continuously redefieg th
physical and functional structure in order to immraheir performances. The concept of smart cirgeting
efficiency, liveability and sustainability of urbaystems, has become one of preferred optionsrfmnu
development based on the benefits of the latebht#agies. However, the diversity of local circuarstes
often questions universal 'smartness' and applitatwf the general model, demanding continuous
modifications and high level of flexibility. Congidng the environmental, socio-economic and teagicdl
elements of urban setting of Belgrade (Serbia}, plaiper will analyze the current state of 'smangrading
and suggest possibilities for its improvement, espy in the context of detected climate shift.eTh
theoretical background of the problem, as wellresduccessful global examples, will be used asrérsy
point - both for the evaluation of the existing ddion and the proposed guidelines for the 'smart
development.

2 INTRODUCTION

Modern cities, as the nodes of highest concentratigpeople and activities, represent both the gaaes of
environmental problems, as well as the innovatiweshaddressing their solution. Adjusting to climsibéft
and reducing effects of carbon-intensive life ao¢ easy tasks, but it is obvious that urban area® ho
modify their performances and development pricsitie order to mitigate the accumulated negativeotsf
of global warming and ecological degradation, éngaimproved models of urban life and its setting -
material and virtual, artificial and natural.

The increasing number of contemporary urban cosceptgets different aspects of environmental
sustainability and energy transition - from lowmam, carbon-neutral, zero-carbon cities, to ecorsarad
ubiquitous-eco sustainable cities - while theirchgtnames, proposed elements and accompanyingl visua
material suggest new modes of future urban existeased on the extensive use of Information
Communication Technology (ICT) they all envisiomigh-quality urban environment which interacts with
its users via electronic infrastructure, enablimgiacreased efficiency, adjustability and highereleof
environmental awareness. The concept of smart iotiggrates all these elements but the level of its
application still depends on the potentials, awessrand/or preferences of local contexts - in telcigical,
economic and social sense.

Focusing on the relationship between the smart citygcept and increasing environmental challenges
triggered by climate changes, this paper will déscuecent global trends and consider their appdicat
(current and future) in Belgrade. Distinguishingptmain areas of ‘'smart' upgrading - urban effigresued
environmental awareness, the analysis will iderttiy preferred channels of ICT support - directeth lio
personal and public interfaces.

3 GLOBAL WARMING AND SMART RESPONSES

Climate change, with its direct and indirect imgacin living environment, have generated numerous
problems in cities affecting their activities, sphtypologies, urban systems and public healtmg@iering
the scale and intensity of these changes the cqaiemy society has launched a number of formal and
informal initiatives in order to mitigate the effscof global warming, but also to increase the llexfe
adjustability and resilience of cities. The Eurapedies face similar problems, additionally coropbed by
the inherited urban structure. The 'smart apprdzahbeen recognized as one of possibilities, edjyein a
domain of efficiency (energy consumption and pubéicvices), general sustainability and qualityifef lbut
also as a tool for urban renewal and an elemeunthzfn competitiveness. Therefore, it is not sumpgishat
during the last decade a number of European dig@® initiated application of the Smart city coriciep
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order to decrease unemployment by increasing theesaibility of services, to synchronize public
investments in innovative technologies and to ldahe use of available resources (EC, 2013). Tats
support has also been used for the protection whdi environment - on the level of energy
consumption/transition and pollution control. Femmple, the concept of smart city represents onthef
EU measures embedded in important documents asggiEs aiming at the increase of renewable energy
resources (20%), the decrease of GHG emissions)(20% the increase of energy efficiency (20%) (EC,
2010). The relationship between the sustainabilftgities and their level of 'smartness' is enaliigdhe
ICT, and its role in climate change mitigation auhptation becomes more important every day.

The definitions describing the concept of smant aite numerous, but they mostly underline its ingrace
for the quality of life (Kuffner, 2012), economicaévelopment and general progress (Giffinger akal7;
Pike Research, 2011), connectivity and integratetween different infrastructural levels (Hall, 200
Harrison at al., 2010). The smart elements intredua cities are not only related to local develeptnbut
also influence regional networks and their fundtign One of the main features of this concept & th
bottom-up approach in implementation process (tir¢argeting local communities), while city govenant
mainly conducts large-scale projects (e.g. Grekhfievestments - CAICT, 2014) and has to be inctuohe
more sensitive urban interventions, especiallylthhostorical cores. The application of 'smart’ ogpt can
be described as a process, continuously implememnedifferent levels, in order to enable an adeguat
response to urban problems and challenges, whiteltsineously providing high-quality and resilient
environment (DBIS UK, 2013). However, each city lagstablished so-called 'open model' of govermanc
which needs the appropriate tools and technicgbatipThis model should provide easily accessilgeno
information networks with open data, their visuaisn, as well as the possibility for the simulatiof
governing/management process, participation ofzemis and good connectivity on general level of
governance (CAICT, 2014). ICT infrastructure fdaties this process, providing better accessibitityall
urban services, for all groups of users. Simultasio the digitalization enables immediate idea#fion of
changes, the transmission and processing of dagtiegent, which creates an accurate report oruddan
modifications and threats generated by the carbtamsive way of life and climate shift. Consequgmndue

to application of readily-available technologiesl anal-time systems via various e-networks andqgias,
gadgets and applications, the (re)action beconstsrfieading to the reduction of carbon-footprint.

Nowadays, the range of 'smart' projects covergdifit activities and types of urban spaces ane st
from technological centres, green urban areas,tsetectric grids, to electric vehicles (bussesskand
networks of public transportation (bicycles, traitaxis etc.), but there are six key factors whdefine level

of urban 'smartness' - smart economy, smart ogizemart city government, smart mobility, smart
environment and smart living (Giffinger et al, 200All of them could be used for climate change
adaptation and mitigation, as carriers and trarnemsitof ideas, knowledge and experiences - on local
regional and global level. CAICT (2014) also empbes the list of 'smart’ services which could have
direct and indirect impact on the condition of tigienvironment and, consequently, provide someieffi
solutions for climate change challenges targetipstesns of traffic, public safety, health monitoring
consumption of water and energy, as well as vifeeining.

There are a number of cities which implement tharsity concept on the level of planning documeartd
strategies, but also in real space (Barcelona, kBatm, Copenhagen, Amsterdam, Vienna etc.).
Simultaneously, there is a parallel level of actretated to research, modes of application and @tpp
especially in the sphere of 'smart living enviromthevhich tackles the issue of climate change,ypioih,
rational and sustainable management of resourak®m@vironmental protection. One of good examples is
the city of Vienna, the most advanced city in 2@023 according to the report of UN Habitat (2018) a
ranked as the first one (seven years in a rowherist which evaluates quality of life (Mercer,1%). The
initiative ‘Smart City Vienna’ was launched in 204ahd its main idea was to use advanced technologica
support in order to decrease consumption and ptmauof energy until 2050, but without limiting any
mode of mobility and consumption (VCA, 2014: 7)idtalso important to notice that the objectiveghid
initiative are related to the problems of globalrmeng aiming at the decrease of CO2 emission (in
accordance with EU strategies), the reduction efgnconsumption via use of renewable resourcesrand
promotion of multimodal transportation (and conggureduction of car traffic). It simultaneously
strengthens the position of the city as an impoértande of research and technological developmeme. T
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initiative also emphasizes the role of public miption, as an important element for decision-mgkind
implementation of related programs.

4 SERBIA - TOWARD THE SMART SOLUTIONS?

The general application of the smatrt city conce@erbia is still in the initial phase, but theuiss of global
warming have been in the focus of professionallagiglative attention during the last decade. Havethe
application of different documents related to clienahange is still insufficient mostly due to weak
administrative support unable to facilitate implenagion of adopted strategies and measures onnaétio
but also European level (Pucar, 2013; 8&ikovi¢, 2013). One of the main problems is low awareméss
generated problems and environmental threats, Haretare other limitations as well — the lack o th
national GHG inventory and a slow pace of procesifioeused on new strategic documents. Therefoee, th
integration of smart elements into the processliofate change adaptation and mitigation is stillhmid
although there are some attempts in this direcian.example, in 2015 the City of Novi Sad andJffice

of local economical development have organized etimg with entrepreneurs, presenting possible iietsy
and benefits within the smart city concept (NovdSa015). Furthermore, several researches have been
conducted considering selected ‘smart’ featured, viathout real integration into general development
policies. An example of this practice was the asialyf ‘smart’ traffic networking between Belgraded
Partevo conducted by lItalian researchers (Bielsa, 20Q@jrently, Serbian cities are not included irtie t
European association ‘Connected Smart Cities NédWw@CSCN, 2015), but the example of Novi Sad
clearly demonstrates that this situation might lenged in near future.

The digital sphere is mostly used for informatiord &nowledge exchange targeting the improvement of
environmental consciousness. The institutionalieedmple of this practice is the web-site of thebier
Environmental Protection Agency (SEPA), which alsusts Ecoregister - the National Metaregister for
Environmental Information and the National RegisiEPollution Sources. There are also digital jplatfs
focused on available resources and services. TéeY5IS technology and available databases to praipe
to-date information about various urban systemssfipdraffic), but the level of their interactivitis very
low. Nevertheless, some municipalities use simpéb-platforms to interact with their citizens, mgstl
focusing on daily urban problems. On the other hahé non-institutional flows are more open to
environmental issues incorporated in different wies, web-services (e.g. BUDIEKOFINa.COM), portals
the digital editions of magazines (e.g. Ekologijagazin, Stakleno zvono), social media and mobile
applications. Although most of them only transnmitdalisseminate information on environmental prolslem
raising environmental awareness and influencing-bst@viour, there are some emerging e-platforms
inspired by the trend of carpooling/rideshare, \Whatirectly and indirectly affect the level of triaff
congestion, air pollution and fuel consumption {@egl web-site Timskavoznja.com)

5 BELGRADE AS A SMART CITY?

Belgrade, the capital of Serbia, has introducedesel®ments, which could be recognized as 'smattmbst

of them serve as information platforms for citizesusd/or tourists or the portals oriented towards e-
government. The first group includes internet sies applications for more efficient coordinatiomda
orientation, but also for better experience of tig, while the second one provides different kiod
information and allows issuing of online certifieatfor the citizens of Belgrade. In general, itlddee said
that these web-sites and mobile apps increase @esféciency of movement and certain urban sewyjiceit
their impact of environmental issues (if any) isntentional and mostly inexistent. However, sitad apps
related to wayfinding (for ex. 'Airport Nikola TesBelgrade' site and app, applications 'Belgradkirig,
'‘Belgrade Map', '‘Belgrade City Guide', 'BelgradevBt Guide' etc.), guiding users through the citg a
enabling their understanding and experience ofrudmace, could be upgraded with selected data-losses
specific instructions related to eco-awarenesssamnge innovative approaches to environmental guatit
safety. There are also several specific servigasbile apps (e.g. 'Osmatia Observer and '‘Beograd uZivo'
- Belgrade live) enabling continuous monitoringdifferent parts of Belgrade, such as the importeaftic
junctures, streets, squares and parks, which dmeildombined in the future with real-time data abibet
intensity, safety and environmental condition désted spots.
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Fig. 1: Applications 'Observer' and 'Belgrade Lieghossible base for the future smart urban pedoo®s: the use of real-time data
as a tool for improving the environmental qualibdaefficiency of urban services.

There are also several web-sites and mobile apiplicanore specialized and focused on urban mobility
'‘Belgrade Plan Plus' represents the official andtrased internet site for wayfinding in Belgradeoffers a
digital map with streets, connections and imporgates. '‘Bus Plus', the internet site and molpifgieation

is used as a payment tool for the public transpoBelgrade in the form of a smart ticket systenwimich
consumer can upload money for transport fees, d@pgron the type of card (personalized, paper and
electronic card). Simultaneously, there are sevapals and sites concerning the public transpontdtio
Belgrade and its timetable. For example, 'BG v®zhe internet site and mobile application abougBele
train system. It offers information about arrivatigpartures, nearest stations, or the progresspefceed
train. 'Red voznje - Beograd' has a similar conteut it covers all types of transportation.
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Fig. 2: Applications 'Belgrade Talking', 'Belgrade pMjaBelgrade City Guide', 'Belgrade Travel Guide'oviding a better
experience and movement in the city.
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Fig. 3: Applications dealing with public transpdita, time-table and preferred connections.
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Several apps in Belgrade offer information aboukipg places, zones, and capacity in different adahe
city (e.g. 'StartStop Parking Servis Beograd', PReking', 'Parkiraj Beograd PS' and 'Moj Parkinghe
application 'Moj Parking' (My parking) is especjalhteresting because it also provides information
parking capacity and places for disabled.
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Fig. 4: Applications focused on the problem of jragk- capacity, availability, routes and prices.

Obviously, the service provided by these interfat®ss not link environmental effects of transpastaand

its efficiency (or mode), but it could be used astating point for the introduction of more intatgd
services and tools, which would connect differgmies of data and support synchronized management of
urban systems. In that case, it would be possibledlect simultaneously data from both users and
monitoring units, to process them, suggest altermaiptions, modify routes or time-tables, whiledmsing
congestion and pollution.

However, there is also one mobile application,iated by a recent trend introduced in numerougsiti
which could definitely have a direct impact on eadimental quality. 'CAR:GO' is the first ride-shmayi
service/app in Belgrade, based on the user's totatid preferences, with exclusive pre-paymentsayst

Fig. 5: The interface of the application 'CAR:Gh\e first ride-sharing service in Belgrade.

Apart from these interfaces which have to be furttheveloped in order to include more environmental
features, the Center for environemental improverhastdeveloped several applications (e.g. ' MORECAST
'UV indeks Srbija’, '‘Blue Green Map of Serbia’) erhinclude information about weather, precipitatioV
radiation, the ozone layer or natural resourcegyTrovide another kind of information which couid
used both by citizens and tourists, raising envirental awareness and stimulating trend of biophilia
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Fig. 6: The applications focused on weather datareural resources - 'MORECAST', 'UV indeks Srpiglue Green Map of
Serbia'.
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Finally, there is an attempt to integrate an urbgstem (transportation) with environmental monitgr
'Libelium World - EkoBus Project'. In this initia#, EkoBus system has been developed in collaborati
with Ericsson, which has been deployed in the itie Belgrade and Pa&svo. The system utilizes public
transportation vehicles to monitor a set of envinental parameters over a large area, as well psotade
additional information for the end-user - the lezatof the buses and estimated arrival time todtops.

EkoBus is a part of SmartSantander project whicp@ses a unique city-scale experimental reseaodlityfa

in support of typical applications and servicesd@mart city. This project is funded by the Eusp&nion
through its Future Internet Research and Experiatiemt (FIRE) program. Project Consortium consigts o
different companies and universities such as: ©elef, Alcatel-Lucent, Ericsson, the University of
Cantabria and the University of Surrey. This uniguperimental facility should be sufficiently largapen
and flexible to enable horizontal and vertical griog with other experimental facilities. It alsonstlates
development of new applications by different usaduding the experimental advanced research on loT
technologies and a realistic assessment of ussrsptability tests. The project uses Waspmote (wisc
also used to control public transportation and taorenvironmental parameters in several other <iite
Serbia and Europe) and it provides data on sixpat@rs - temperature, relative humidity, Carbon
Monoxide (CO), Carbon Dioxide (CO2), Nitrogen Did&i (NO2) and GPS location. Sensor nodes make
measurements and periodically send results to éneess application for further analysis and database
storage. Web and Android application collect infatimn from the nodes and perform their visualizatio
(location of the vehicles and atmospheric measuneshelt is also possible to request informatioowlihe
arrival time of the next bus on a certain line toeatain bus stop via SMS or USSD and to receia¢ th
information via SMS. The GPRS module is responsibtethis feature. The analysis of the stored dsita
used for various traffic calculations and predieiqLibelium, 2012). However, this system still hasbe
fully developed, applied and integrated in otheriremmental programs on the city level in ordeathieve

the expected impact on environmental quality.

6 CONCLUSION

The integration of smart features into the proadssrban development is still in its initial phaiseSerbia
and Belgrade, but some examples demonstrate a nuohljgossibilities for their use, especially in the
process of mitigation and adaptation to climatengea The advanced technology, particularly ICT,
represents the basic foundation for the necesspgyading, which should be conducted both on the
institutional and non-institutional level, creatiagsily accessible and manageable interfaces edd¢otvard
the public or personal users. Additionally, th&Ibetween the smart city concept and the anticipates of
environmental adjustments could be established lbriegels, allowing multidisciplinary targeting of
environmental awareness, as well as the efficiehcyban systems and energy transition.

The international examples offer a large scalenoérging or already verified 'smart’ platforms - vaites,
mobile apps, social media, public interfaces ettemonstrating a number of possibilities for thepelated
and well-conducted integration of digital featumne® urban spaces. However, their use has to beiktied
on all levels, via national strategies and prograamswvell as by local governments and urban palichnly a
comprehensive approach could provide the expectatefits for the living environment, but it also
represents a necessary condition for further intimvain this area, as well as a new feature of mirba
competitiveness.

One of the problems in the local context of Semgipresents a discrepancy between official documents
targeting environmental issues (and their smaritgols) and actual actions leading to the improvenad

the general situation. The aims are vaguely deferadi it is necessary to formulate precise objestaved
their (measurable) indicators. The list of locadpplicable 'smart’ measures and tools should be als
developed, providing guidelines for the efficiemiplementation and monitoring of their outcomes.

Although Belgrade still has to develop the smaprapch to its numerous environmental problems aedtu

for the greener management of urban systems, thlstingx applications and platforms could serve as a
starting point for improving the content and acitibty of databases, their integration with othaban
systems and synchronisation and instant procegsingpllected information. The introduction of more
advances technological solutions is certainly aessity in the next phase, but the raised ecological
awareness, as well as the availability of smaforses to environmental problems, should leadletir
understanding of proposed measures and theiragifidinplementation.
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