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THE POTENTIAL OF DIGITAL
TECHNOLOGIES FOR ORGANIZING
ENVIRONMENTALLY RESPONSIBLE
TOURISM IN SMART CITIES

Abstract. The role of digital technologies in the development of environmentally responsi-ble tourism within
the context of smart cities is explored in the article. The re-search objective of identifying the main areas of appli-
cation of digital solutions in this area and analyzing their impact on the sustainable development of smart city
tourism is achieved in the article. A review of modern scientific literature was conducted to identify key trends
and directions for further research regarding the implementation of digital solutions in this field. The main
negative impacts of tra-ditional tourism on the urban environment are summarized. A comprehensive analysis
of digital technologies in the context of environmental sustainability of tourism, in particular in identifying
four key areas of their application: infor-mation and communication technologies for tourists; transport systems
and logis-tics; urban environment monitoring and management systems; analytics, artificial intelligence, and
decision support determined the scientific novelty of the article. It is demonstrated that these technologies not
only enhance the quality of the tour-ist experience but also enable travel planning with environmental criteria in
mind, significantly reducing negative environmental impacts and promoting the rational use of urban resources.
The practical value of the article is the formation of theo-retical and methodological foundations for the devel-
opment of digital tools that contribute to the formation of a culture of conscious consumption of tourist ser-vices,
support for the strategy of sustainable development of cities and improve-ment of their ecological condition.
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1. Introduction

Tourism is one of the leading sectors of the global
economy. For Ukraine, especially in the context of war,
it is an important factor in the economic resilience of
certain regions. However, tourism places increased
pressure on the environment, including pollution of
air and water resources, deterioration of ecosystems,
increased resource consumption, and overload of trans-
port and municipal infrastructure. Excessive tourist
loads cause damage not only to natural areas but also
to cities that receive a large numbers of tourists. In
response to these challenges, the development of envi-
ronmentally responsible tourism, aimed at minimizing
negative impacts on natural resources and protecting
the environment, is becoming increasingly relevant.

For Ukraine, which is currently developing post-
war recovery plans, the priority is not only the resto-
ration of infrastructure destroyed but also the devel-
opment of cities based on the Smart City concept. This
concept relies on the widespread implementation of
digital technologies to improve citizens’ quality of life.
The introduction of smart technologies in the tourism
sector contributes not only to infrastructure develop-
ment but also to fostering responsible tourist behavior,
which is an important factor in preserving the urban
environment.

Despite the growing interest in digital solutions in
tourism, the issue of integrating smart technologies
within the context of urban environmental sustain-
ability remains insufficiently studied. The aim of this
article is to investigate the role of digital technologies
in the development of environmentally responsible
tourism in smart cities, as well as to analyze case stud-
ies of their implementation.

Recent scientific studies indicate a growing interest
within the academic communi-ty regarding the role
of digital services in transforming tourism under the
frameworks of smart city and sustainable develop-
ment concepts. Most authors [1, 2, 5, 8, 9] em-phasize
that digital technologies — particularly artificial in-
telligence, big data, and virtual reality — open new
opportunities to enhance the efficiency of tourism
services, optimize resource use, and reduce negative
environmental impact. Researchers pay special at-
tention to the application of artificial intelligence in
the tourism sector. Spe-cifically, Bingol and Yang [1]
and Tuo Y. [15] consider artificial intelligence a key
tool for ecological management in smart destinations,
highlighting its potential in optimizing resource con-
sumption and forecasting tourist flows. Chan, C.-S.
and colleagues [2] explored how pre-trip virtual reality
(VR) experiences and the use of smart devices during
on-site visits can enhance the tourism experience for
individuals with hearing impairments on Yim Tin Tsai
Island (Hong Kong). The study also provides practical
recommendations for the design of VR applications
and the effective use of smart devices to improve the
accessibility of tourist routes.

Many authors, including Samancioglu et al. [11]
and Zhang et al. [18], emphasize the important role

of big data analytics in resource coordination and the
digital sustainability of cities. At the same time, they
note potential challenges related to data management
and privacy that may hinder the adoption of such tech-
nologies in tourism. Stroumpoulis et al. [13] and Io-
nescu and Sarbu [6] have studied the impact of digital
solutions on improving the quality of tourism services,
particularly in mobility, navigation, and informational
support for travelers. Grincheva [4] and Madeira et al.
[7] highlight the significance of smart analytics and
creative approaches in shaping sustainable urban en-
vironments in the context of tourism. A comprehensive
analysis of successful examples of smart technology
implementation in the tourism sector across differ-
ent countries is also important, especially concern-
ing the development of mobile applications, sensor
networks, and environmental monitoring [4, 5, 8, 12,
17]. Hashim, H. [5] conducted an in-depth analysis
of the role of e-government in advancing smart city
initiatives in Saudi Arabia, with particular emphasis
on the integration of ICT, the Internet of Things, big
data, and cloud computing technologies. The study
identifies critical challenges — such as cybersecuri-
ty concerns, infrastructure interoperability, citizen
trust, and regulatory frameworks — and offers stra-
tegic recommendations and best practice guidelines
aimed at overcoming these obstacles and enhancing
the efficiency, transparency, and sustainability of ur-
ban governance.

Overall, scholars adopt a comprehensive approach
to studying digital technologies in tourism, considering
technological, social, economic, and environmental as-
pects of the process. At the same time, they emphasize
that technological innovations alone do not guarantee
responsible tourist behavior or an increased level of
ecological awareness.

The literature identifies several promising direc-
tions for future research. These in-clude modeling the
impact of technologies on tourist ecosystems under
climate change conditions and integrating digital tools
into sustainable development strate-gies. However,
these directions are still in an active stage of develop-
ment and require analysis of practical case studies and
objective assessment of their effectiveness.

2. Materials and Methods

To achieve the stated aim, the study employed a set
of general scientific research methods. The methods
of analysis and synthesis were applied to systematize
con-temporary scientific literature on environmentally
responsible tourism, the smart city concept, and digital
technologies. The abstract-logical method was used to
identify the main negative impacts of traditional tour-
ism on the urban environment. The dialectical method
served to formulate theoretical generalizations regard-
ing the po-tential for implementing digital technologies
in environmentally responsible tourism, to identify the
related challenges, and to outline possible solutions.
Comparative analysis enabled a case study of smart
city practices in introducing digital services aimed
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at reducing the environmental impacts of tourism.
Graphical and tabular methods were used to present
the research findings in a visual form. No software or
code implementations were applied in this study.

3. Results and Discussion

To substantiate the objectives of using digital tech-
nologies in the tourism sector, it is first necessary to
analyze the main environmental problems caused by
traditional tourism activities in cities. The negative
impact of tourism on a destination due to an excessive
number of visitors — experienced both by local resi-
dents (through a decline in quality of life) and by the
tourists themselves — is known as over-tourism. This
phenomenon is characterized by exceeding the permis-
sible tourism load on the urban environment, leading
to environmental degradation and increased social
tension. At the same time, even a relatively small num-
ber of tourists can pose challenges for a city, particu-
larly by overloading infrastructure and creating other
issues, examples of which are presented in Figure 1.

Thus, traditional tourism activities in cities can
cause a wide range of negative environmental and in-
frastructural impacts. The impact of tourism is felt at
all stages of providing tourist services — both primary
(transportation, accommodation, catering, excursion
services) and auxiliary (souvenir trade, medical ser-
vices, animation, vehicle rental, etc.).

One approach to minimizing the negative impact of
tourism on the urban ecosystem is the implementation

of environmentally responsible tourism (also known as
eco-friendly tourism), which is viewed as a transfor-
mation of traditional tourism that incorporates prin-
ciples of environmental sustainability. The concept of
this approach is to minimize the ecological footprint of
tourism activities through the application of resource-
saving, energy-efficient, and nature-oriented practices.
Unlike ecotourism, which focuses on visiting natural
sites and preserving the natural environment, envi-
ronmentally responsible tourism integrates ecological
principles into the operation of the existing tourism
system without fully transforming the organization
of tourism or the destination, including the city. This
form of tourism aims to meet tourists’ needs with min-
imal negative impact on the natural and socio-cultural
environment, rational use of resources, and support
for biodiversity conservation.

Key practices of this approach include optimizing
transportation routes; using low-carbon-footprint
transportation; employing environmentally safe ma-
terials in the construction and maintenance of tourist
facilities; implementing energy-saving technologies
at all stages of tourist services; reducing water and
electricity consumption; managing waste responsibly;
developing a circular economy; and maintaining biodi-
versity, among others.

Thus, environmentally responsible tourism is
a practical response to the challenges of sustainable
development in urbanized environments, particularly
within the Smart City concept. A Smart City actively
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v v v v
traffic resource consu- household waste concentration of
mption (water, people
electricity)

increase in CO: resource worsening noise, damage,

emissions, shortages for sanitary and wear of
deterioration of residents conditions infrastructure

air quality

v

!

v

!

Overall deterioration of the city’s environmental and social conditions

overloading of transport decline in service decreased
—> and communal _» quality, rising prices || quality of life
infrastructure and tariffs and
dissatisfac-
deterioration of UOI; amlong
| residents’ health and > ocal
comfort population
v

Decrease in the city’s tourist attractiveness

Figure 1. Main Negative Impacts of Traditional Tourism on Modern Cities
Source: developed by the authors
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Table 1

Key Directions for the Use of Digital Technologies in the Development of
Environmentally Responsible Tourism within Smart Cities

Digital Technologies

Examples of
Programs / Tools

Application in Tourism

Effect on Environmentally
Responsible Tourism

Information and Communication Technologies for Tourists

Mobile applications for
tourists — eco-guides,
maps, etc.

AllTrails, iNaturalist,
Green Travel App

Providing tourists with eco-
logical information, optimiz-
ing movement

Increasing tourists’ environmen-
tal awareness, reducing negative
environmental impact

Interactive (digital) maps
and information displays

Touch Screen Kiosks,

Map, IndoorAtlas

Visit Seattle App, Maze-

Real-time tourist informa-
tion, interactive navigation
and engagement

Increasing ecological awareness,
promoting responsible tourist
behavior

Virtual and Augmented
Reality (VR/AR)

Google Arts & Culture
VR, Timelooper, Sketch-
fab

Virtual tours, education-
al and awareness-raising
programs

Contributing to the preservation
of tourist sites and reducing
infrastructure load

Geoanalytics, GPS Naviga-

QGIS, Kili Technology,

Routing and monitoring of

Prevention of overcrowding,

Systems (ITS) — Smart
Parking Systems, Public
Transport Monitoring Sys-
tems, Bike/Scooter Sharing
Systems, etc.

Transit, Citymapper,
Bolt

tion Mapbox, HERE Tech- tourist flows improvement of environmental
nologies conditions in tourist areas
Transport Systems and Logistics
Intelligent Transport Parkopedia, Moovit, |Optimization of urban mobil-

ity

Reduction of emissions and
carbon footprint, improvement of
traffic flow

Intelligent booking systems

Booking.com, Airbnb,
Amadeus, Galileo, Sabre

Personalization of offers,
demand and availability
management, resource opti-
mization (hotels, transport,
excursions)

Rational use of resources, reduc-
tion of waste, lowering carbon
footprint through load optimiza-
tion

Urban Environment Monitoring and Management Syst

ems

Sensors, GIS, Monitoring

EnviroSensor, AirVisu-
al (IQAIr), Civic Data
Lab, PurpleAir, ArcGIS,

QGIS

Monitoring of environmen-
tal conditions: collection,
analysis, and visualization of
real-time data; tracking air
quality, noise levels, water
pollution, and landscape
changes

Timely detection of environmen-
tal issues, supporting decision-
making in environmental
management

Real-time IoT sensors

Libelium, ThingsBoard,
OpenSensors.io, Blynk,
PurpleAir

Continuous collection and
transmission of environmen-
tal data via IoT networks for
monitoring urban environ-
ments and infrastructure

Operational management of en-

vironmental load, rapid response

to changes, and reduction of
environmental impact

Smart lighting, energy-
efficient systems

Philips Hue, LIFX, Cree
Lighting, Schneider
Electric EcoStruxure

Energy saving in tourist

areas through automated

lighting control and optimi-

zation of energy consump-
tion

Reduction of energy use, de-
crease in greenhouse gas emis-
sions

Smart management sys-
tems for renewable energy
sources

Siemens EnergyIP,
Schneider Electric
EcoStruxure Grid, Gen-
eral Electric (GE) Grid
Solutions, IBM Intelli-
gent Operations Center
for Smarter Cities, Enel X

Optimization of energy con-
sumption in tourist infra-
structure, integration and
management of clean energy
sources (solar, wind, etc.)

Reduction of carbon footprint,
increased energy efficiency, and
stability of energy supply

Smart Eco-Tourism Infra-
structure

Smart Forest City (Can-
cun), Green View City
Dashboard, EcoCounter,
Urban GreenUP, Smart
Parks

Integration of digital tech-
nologies into the creation
and management of green
tourism infrastructure: eco-
routes, automated irrigation,
visitor sensors, vegetation

condition monitoring

Development of sustainable ur-
ban infrastructure, preservation
of biodiversity, increased attrac-
tiveness of areas for eco-tourism
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Smart waste management

Bigbelly Solar, Ecube

Improving waste collection

Reducing waste volume and

flake, IBM Cognos An-
alytics, Microsoft Azure
Synapse Analytics,
Google BigQuery, Smart
Tourism Intelligence
System (SIT), 3cixty,
Smart Destinations

on tourist flows, visitor
behavior, and infrastructure
load; support for planning
and management based on
real-time insights.

systems Labs CleanCUBE, Ene- | efficiency through IoT-en- pollution, optimizing municipal
vo, SmartBin, Evreka abled monitoring, route waste management costs
optimization, and automated
waste compaction
Analytics, Artificial Intelligence, and Decision Support
Big Data Analytics Apache Hadoop, Snow- | Analysis of large datasets Evidence-based load planning,

prevention of over-tourism, opti-
mization of tourism infrastruc-
ture, reduction of environmental
impact, and enhancement of
sustainability.

Bard (Google), Microsoft
Azure AI, IBM Watson,
TensorFlow, H20.ai

optimization of routes and
logistics; service personal-
ization; automatic monitor-
ing of environmental and
infrastructure conditions;

Platform
Artificial Intelligence (AI) ChatGPT (OpenAl), Analysis of tourist data Improved forecast accuracy,
and Machine Learning Google Al Platform, for demand forecasting; reduced overcrowding in tourist

areas, resource optimization,
minimized environmental
impact, enhanced efficiency of
urban ecosystem management

decision support

Source: summarized by the authors

uses digital technologies and intelligent systems to
improve residents’ quality of life, efficiently manage
resources, develop infrastructure, ensure environmen-
tal sustainability, and promote economic growth [3].

The Smart City concept opens new opportunities
to address major environmental and infrastructur-
al challenges related to tourism. Within this frame-
work, tourists are provided with highly automated
services — ranging from transportation and booking
to navigation. Digital services and intelligent systems
enable the collection and pro-cessing of large volumes
of real-time data, effective resource management,
en-hancement of tourism service quality, and reduc-
tion of ecological footprints.

Digital solutions contribute not only to the im-
provement of urban infrastructure but also to the
promotion of sustainable tourism principles through
digital environ-mental management. An important
component of developing environmentally re-sponsi-
ble tourism is the involvement of local communities,
raising tourists’ environ-mental awareness, and in-
tegrating innovative solutions into urban governance
sys-tems, particularly through the implementation of
digital monitoring systems, analysis of environmental
indicators, and resource management.

The key directions for the use of digital technologies
to develop environmentally responsible tourism within
smart cities are summarized in Table 1.

According to the data in the table 1, it is important
to highlight the multidimensionality and dynamism
of digital technologies in shaping environmentally re-
sponsible tourism in smart cities.

One of the most effective tools in digital manage-
ment of the tourism sector is artificial intelligence (AI).
AT has long ceased to be merely an “optional feature”
and is becoming a key element in the development of

Smart Cities. Its applications are diverse, but special
attention is given to chatbots. Many service companies
implement intelligent widgets, such as FAQs, to provide
prompt responses to common customer inquiries. Al-
based chatbots assist tourists in planning their trips:
suggesting routes, selecting hotels, optimizing expens-
es, booking tickets, processing documents, and more.

An example of successful chatbot implementation is
TourHelperBot, developed by the Ukrainian Association
of Travel Agencies. This bot provides tourists abroad
with up-to-date information on accommodations, flight
delays, and cancellations, as well as assists in resolving
other issues that may arise during their travels.

There are numerous successful cases worldwide of
implementing digital technologies within the Smart
City concept that contribute to the development of
environmentally responsible tourism.

According to the Smart City Index 2024 by Prop-
techOS, Paris topped the list of European smart cit-
ies. The city actively implements innovative digital
solutions, combining modern technologies, infrastruc-
ture innovations, and environmental responsibility to
achieve sustainable development. [14]

The city-state of Singapore is considered one of the
most advanced Smart Cities in the world due to its
effective digital governance. Singapore is known for
its integrated environmental monitoring system that
uses artificial intelligence and IoT sensors to control
air quality, water resources, waste management, trans-
portation, and security. The developed digital plat-
forms help tourists plan routes with minimal impact
on ecosystems and promote increased environmental
awareness among the population. [4]

Vienna (Austria), Barcelona (Spain), and Amsterdam
(Netherlands) actively use Big Data to forecast tourist
flows and optimize transport infrastructure, as well as
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IoT for air quality monitoring, smart lighting, water
resource management, and providing digital services
to residents. Smart solutions enable the distribution of
tourist flows to prevent overtourism and also implement
energy-efficient transportation and smart lighting in
tourist areas. Toronto (Canada) employs digital tech-
nologies in construction, transportation, environmental
monitoring, and integrates a Smart Grid system. [3]

One of the key methods for managing tourist flows
is setting limits on the number of tourists who can
simultaneously visit popular locations. Such measures
are applied in many cities worldwide. For example,
Venice has an online booking system that controls
tourists’ access to major attractions and natural sites,
helping to avoid excessive strain on urban infrastruc-
ture and ecosystems.

These examples demonstrate that digital technol-
ogies can become a key tool in implementing envi-
ronmentally responsible tourism practices in cities
striving for sustainable development and improving
the quality of life for residents and visitors. The most
promising directions for the development of envi-
ronmentally responsible tourism within Smart City
frameworks are digital environmental monitoring, op-
timization of tourist flows, and integration of digital
systems in city management. These digital solutions
not only enhance the quality of the tourist experience
but also significantly contribute to reducing the eco-
logical footprint on cities.

However, it is important to remember that the use
of digital technologies comes with certain challeng-
es. First, there is the issue of data privacy protection:
many services collect and process large amounts of
personal information (names, contacts, passport and
payment details, location, preferences, etc.), making
tourists vulnerable to cyberattacks, fraud, and other
criminal activities. Additionally, the implementation of
digital technologies requires significant energy resourc-
es, with the solution being the production of additional

energy from renewable sources. There is also a risk of
creating social barriers due to inequality in access to
digital technologies, particularly for financial reasons.

4. Conclusions

The study confirms that digital technologies serve
as one of the key factors in the development of environ-
mentally responsible tourism within the framework of
the smart city concept. They contribute to increasing
tourists’ environmental awareness and the implemen-
tation of sustainable practices in the tourism industry.
Through the use of mobile applications, online book-
ing, virtual guides, and other digital tools, tourists are
able to plan trips taking into account environmental
criteria, selecting optimal routes based on time and
distance. This promotes the enhancement of the qual-
ity of the tourist experience and significantly reduces
the negative impact on the environment, ensuring the
rational use of natural resources.

The integration of digital technologies into tourism
organization contributes to the formation of a culture
of conscious consumption of tourist services, which, in
turn, supports the sustainable development strategies
of cities and improves their environmental condition. It
is recommended that Ukraine study the international
experience of leading smart cities in the field of inno-
vative and environmentally responsible tourism and
actively implement digital tools to develop this sector.

At the same time, to minimize the negative impact
of tourism on the urban envi-ronment, it is necessary
to apply a comprehensive approach that combines gov-
ern-ment policies, local initiatives, technological inno-
vations, and the transformation of tourists’ behavioral
patterns. Further scientific research should focus on
the develop-ment of integrated digital environmental
management systems, the evaluation of the effective-
ness of implemented innovations, as well as the study
of the impact of modern digital technologies on the
sustainable development of tourist smart cities.
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yugposux piwens y yili cgpepli ma aHaL3 IXHb020 BNAUBY HA CMAJIUL POIBUMOK MYPUCMULHUX Smart-micm.
IIposederno oznad cyuacHol HAYKOB0L AiMepamypu 3 Memoio 8UABICHHA OCHOBHUX MeHOeHULl | Hanpamis no-
danvwux docnidxcerd w000 8NPo8adHceHHA UUDPOBUX MEXHOL02LL, 0 MAKONHC Y3A2AIbHEHO OCHOBHT He2amUGBHI
Hacnidku mpaduyliinozo mypuamy 0ns micvkozo cepedosuwia. Hayrxosa HOBUHA NoNA2AE Y KOMNJICKCHOMY QHA-
231 YUPPosUX MexXHOI021l Y KOHMEKCMI eK0102I4HOL CMITKOCMI Mypuamy, 30Kpema y 6UOKPeMIeHHT YOMUDPbLOX
KJLI0408UX HANPAMIB IX 3ACMOCY8AHHA: IHPOPMAULLHO-KOMYHIKAUITHT MexXHOo02li 08 Mypucmie; mpaHcnopmHi
cucmemu ma Jl02iCMuKa; CUCmeMU MOHIMOPUHZY Ma YRPABAIHHA MICbKUM cepedosulem; AHAILMUKA, ULMYY-
Hull inmenexm i ni0mpumra npuiinamma piwerns. Ilokazano, wo 6nposadsceHna LUuXx mexHoL02Il He JulLe
nidsuwye AKicms mypucmuyurozo 0ocsidy, a ii 0038014€ NAAHYBAMU NOJOPOXHCL 3 YPAXYBAHHAM eKOJL02IUHUX
Kpumepiie, Cymmeaso 3HUMCYE HezaAMUSHUL 8NAUS Ha J08KILIA MA CRPUAE PAULOHAIbHOMY 8UKOPUCIMAHHIO
Mmicvrux pecypcis. Ilpaxkmuurna yinHicms cmammi nonszae y opMYSaHHL MeopemuiHo-mMemoOusHUX 0CHO8
0N po3sumMKY YUDPOBUX IHCMPYMEHMIB, AKL CRPUAIOMb OPMYBAHHIO KYbMYPU C8100M020 CLONCUBAHHA M-
PUCMUYHUX NOCLY2, RIOMPUMUL Cmpamezili CmaJji0zo PO3GUMKY MICM | NOKPAUEHHIO X eK0L0214H020 CIMAHY.
Ilodanvwi docnidrcenns maoms Gymu CnpamMO8aHl HA PO3POOKY IHMEZPOBAHUX CUCTNEM UUPPOB020 eKOI02iY-
H020 MeHedHcMeHmy, OUIHKY e(heKMUBHOCMI IHHOBAULL MaA 8UBYEHHA BNJIUBY CYUACHUX MEeXHOJI02Ll Ha CIMaaull
PO3BUMOK MYPUCMUYHUX SMATrt-MICM.

Knrouosi cnroea: Micvruti mypusm, Exonoziuno sidnosidanvruti mypusm, Posymri micma, IJugpposi mex-
HOJL02I1.



