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ARCHITECTURE AS AN ENVIRONMENTAL INDICATOR BETWEEN
TECHNICS AND CIVILIZATION:ONE INTRODUCTION

Josep Muntaiiola Thornberg

Universitat Politécnica de Catalunya, Department of Architectural Design

Jose.muntanola@upc.edu

ABSTRACT

The situation of humanity has entered a whirlwind of changes due to COV-
ID, the evident climate change, and the spectacular development of sciences in
a digitized and global world. Texts and technological advances are becoming
obsolete before they can be taught or disseminated. No one has time to read sci-
entific advances The physical world is connecting with less physical time every
day, and mental time is becoming more capable of symbolically reaching more
virtual spaces. The threat of a catastrophic implosion between the two space-
times, physical and virtual, is increasing every day. The danger of volatility is
increasing day by day.

If in the biblical Tower of Babel the condition for the physical survival
of humanity was dispersal throughout an empty world, now the condition for
survival is the opposite. We must unite in a world capable of communicating be-
tween languages to build a habitable land , not with towers of increasing height,
as the Bible accuses. The biblical curse still stands, if we do not know how to
react and each one continues to build their towers in their own way and accord-
ing to their language, either climate, war, plagues, or a mix of everything will
end with all of humanity.

What can we do in order that architecture and urban planning arrive to be
environmental indicators between technics and civilization?. This text attempts
an answer that, as H.G. Gadamer claimed in one of his last texts, is now funda-
mental, (1) However, I will answer the question on a short scale, as an introduc-
tion .
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INTRODUCTION TOWARDS AN ARCHITECTURE AS AN
ENVIRONMENTAL INDICATOR BETWEEN TECHNICS AND
CIVILIZATION

This introduction is based on the previous work of many thinkers, such as P.
Ricoeur, Pierre Kaufmann, L. Mumford, M. Bajtin, H. G. Gadamer, E. Husserl,
J. Piaget, R. Sennett, S. Giedion, R. Poggioli, R.E Zimmermann, A. Rapoport,
A. Salama, K. Friston, and many others. It also draws on the work of many ar-
chitects who will form the backbone of other responses, as the verbal description
of architecture is long and detailed, or else it is useless. In this short response,
these architects will be present, often in their absence, as HG Gadamer indicated
in his observations.

In my recent work (2), it is clear that in the last twenty-five years the earth
has changed and so has its architecture. As happened at the time of the techno-
logical change that propelled the architecture of avant-garde art (3), styles were
copied with new materials, often forcing the constructive reality. Today the same
thing happens with the use of artificial intelligence in buildings and cities that
change their image, but not the architecture that underlies them, thus ridiculing
scientific advances of all kinds under an epidermal advance that does not impact
social and cultural change in depth.

Here, linking to one of HG Gadamer’s last writings, to which I have already
referred, published at the age of ninety-three, one can trace the origin of the ar-
chitecture of the end of the world in Goethe’s phrases in the seventeenth century
about a dialogue between the different creative literatures in the world, as a sign
of hope for a new innovative global culture. Gadamer indicates that the plastic
arts and music do not need translation and can therefore build imaginary bridges
between different cultures. Although we may not be able to imagine this world
in order, we must continue to think. He concludes by saying that as long as we
are able to ask questions, we will be able to think; otherwise, humanity will have
come to an end.

Therefore, this statement is based on questions, assuming that if one can
ask, one can also respond through intelligent human conversation. In this way,
and taking as reference, besides my own work, the doctoral thesis of Johan
Nielsen recently read at the KuLeuven School of Architecture in Brussels (4),
I wonder and ask: Why doesn’t architecture serve to communicate architects,
users, and owners, turning projects into conversations between deaf and/or mute
people, instead of being supports for a new place, with a ,,grammar of coexist-
ence,” as a social forum (5) capable of peacefully translating the cultures and
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intentions of its different inhabitants? A longer, ,.interlocutive® verbal response
(between words) (6) is already available in the books of Richard Sennett (7), but
the ,,interlocutive* responses (between bodies and places), despite the excellent
»conversations® initiated by Antoni Gaudi and Enric Miralles, are still very weak
responses.

Sennett’s latest book as a question must be read carefully, and the conclu-
sion that the capitalist system is not a response to either social or climate needs is
globally accurate. However, neither the ,,interlocutive examples in his book nor
the theoretical arguments contain enough questions to start a critical and intel-
ligent conversation. Regarding the theoretical aspect, I have already expressed
my opinion (8) that his response with respect to Heidegger is correct, but sub-
stituting him with Levinas avoids better answers to the reasons for the failure of
architecture in cities as a conversation between cultures.

Walter Benjamin, H.G. Gadamer, Paul Ricoeur, or Mikhail Bakhtin, the lat-
ter well defined by Sennett in one of his previous books, are surprisingly absent
in his latest book to date, and they were much better prepared candidates to an-
swer why our cities fail as a conversation between cultures than Levinas.

Here, one must ask, for example, about the importance of Bakhtin’s concept
of the ,,unsaid,” as a fundamental part of a conversation in which nobody knows
what the agreement will be at the end, but in which everyone can participate
from a human presence that is difficult to predict, but that exists and cannot be
identified with the algorithmic consciousness of artificial intelligence because it
is much more than this. Let us answer more clearly. The moral weakness with
which Sennett ultimately concludes his book is not a sufficient response. Archi-
tecture and urban planning pose a conversation that is going beyond, towards a
possibility of celebration and peaceful truce between those who converse in the
place, whether it is ancient, modern, lived, or represented virtually.

Here, Lewis Mumford, accused of moralism for years, is still the best when
he indicates that architecture has always been abstract, always posing a conver-
sation, between those who stroll and those who live within ,through geometries
built as possible ,,grammars of coexistence* and ,,survival between diverse sub-
jects and cultures. This is why the ,,abstracted” works of art by Picasso, Miro,
Miralles or Dali, are capable of posing a conversation between future experiences
beyond the legal, ethical, and technological limitations of their time, projecting a
better future, potentially providing a better response, as Mumford described for
thirty years in his contributions to THE NEW YORKER.(9)
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Paradoxically, Sigfried Giedion also gave similar responses (10), but in his
case, to take away their critical capacity, the meaning of his last book has been
misinterpreted so that it could never be read as a criticism of the subsequent de-
velopment of the modern movement, of which he was a great defender.(11) In
Mumford’s case, the opposite happened, he was criticized as an attacker of ar-
chitecture and modern art when he criticized the architecture of the International
Style in New York, precisely based on his loyalty and defense of modern art.
Once again, the conversation between them was, between Switzerland and the
USA, a conversation between the deaf when both were convinced anti-fascists
and defenders of the deep social dimension of architecture and urban planning.
They asked and answered in unison, but the flute did not sound. We must ask why.

The easy answer is that both Giedion and Mumford were filled with mutual
prejudices and saw each other as potential aggressors, without making any effort
to find common ground. Despite both being knowledgeable about modern art
and its history, there was no deep conversation. This was a shame, not just for
them, but for humanity as a whole.

A more in-depth answer is harder to come by. Perhaps neither of them
considered having a deep ,,interlocutory* conversation. If they had, they could
have linked FLL Wright to the origins of the Modern Movement in Europe or to
Russian Constructivism, which traveled to Chile via Uruguay and landed in the
Open City in Valparaiso. I am proposing a deep conversation between the Bau-
haus, Taliesin, and the Open City. The immediate and angry response of Enric
Miralles to the Open City and its buildings, outraged that they had copied him
when it was impossible because they predated his own works, was a response to
this deep conversation that Gadamer defined in his last and premonitory texts.
Here is the germ of the answer. That is, the answer was here, but it was never
formalized in either interlocution or interlocation explicitly, although it was im-
plicit in texts and works.

Gadamer’s opinion is important here again. Although there could not have
been a better response, we must continue to think, that is, we must continue to
ask questions. For example, why did the deep conversation between these three
schools not happen to understand how intercultural places and translation be-
tween languages, as defined by Walter Benjamin, work?

We are at a very central point in architecture as a conversation, a point that
would find in Bakhtin perhaps the most aware author of what happens here(12).
Essentially, they did not really believe in coexistence but in an agreement from
a ,,balance of powers.“ Miralles feels threatened, Mumford and Giedion feel
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threatened mutually, Wright feels weak in the face of the abstraction of art in
Europe on the one hand, and on the other, he feels threatened by the arrival of the
Bauhaus in the USA. Politics and morals work against a deep human conversa-
tion. The fascist power game hovers over Philip Johnson and H.R. Hitchcock’s
New York, and the important thing here is that everyone feels threatened, but no
one really knows why. They feel threatened by the different forms of architec-
tural schools and their factual powers. When they should have asked themselves
why their art had been reacted to in each case, in search of a meeting point in the
deep difference between the starting positions, here the interlocutory and unfin-
ished debate between Derrida and Gadamer, and which continued interlocatorily
between Derrida and Peter Eisenman, is the best reference.(13)

As Bakhtin, Goethe, and Gadamer proclaimed, despite not being able to im-
agine an order, we must continue to think, think and think, and ask the right ques-
tions: Why does Mumford criticize the New York of the Big Towers? Because
the buildings in the Ciudad Abierta resemble those of Miralles? Why is Wright
at the forefront of European architecture and vice versa? Why does Mumford
defend Wright when the Bauhaus enter into the USA? Why do Gropius and Mies
not defend them? The correct question, therefore, is how to teach to design a
new place of coexistence and to what extent Taliesin, La Ciudad Abierta, and the
authentic Bauhaus (old or new, it doesn’t matter) are capable of teaching it in the
digitized world of the future to new architects and designers, with the essential
and necessary specificity in each school, but accepting that ideas are also essen-
tial. Here, Paul Ricoeur’s latest book on ,,The Becoming of Social Recognition*
is a first step (13). But architects and urban planners should also have a say with
a fundamental experience that should be able to combine the inner and outer
worlds in a social and physical, spatial and temporal investment that supports
this social recognition, chrono topically, materialized in innovative architecture
and urban planning, and therefore theoretically consistent.

And here again Enric Miralles and his urban proposals in Barcelona, de-
signed but not built, constitute the questions that must be answered, because not
only verbal language is capable of asking, but also, and with great strength, pro-
jects and built cities can do so interlocatively. Goethe answered these questions
in his famous Journey to Italy, which Bakhtin included in the introduction to his
book on the history of poetics in Western literature, a book that was burned in
Hitler’s bonfires in Berlin and of which Bakhtin, an unflappable smoker, smoked
page by page until only this introduction remained, published in many languages
thanks to the dedication of his students (14). Fortunately, artificial intelligence is
only capable of answering more or less interesting questions, but it is not capa-
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ble of imagining innovative questions, and when it does, there will be thinking
and living brains to answer and engage in a conversation between machines and
brains that already exists in the real professional life of architects but that no
one wants to investigate and explain for fear of revealing the true reasons for
the questions and answers, both interlocutively and interlocatively. And, without
further ado, let’s start asking.
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BUILDING ENVIRONMENTAL SUSTAINABILITY USING OSTROM
FRAMEWORK:
TECHNOLOGY-ENABLED GLOCAL APPROACH

Suzana Brown
SUNY Korea, Department of Technology and Society

suzana.brown@sunykorea.ac.kr

ABSTRACT

This paper proposes using the Ostrom framework to implement a sustaina-
ble environmental approach on addressing climate change and posits that Infor-
mation and Communication Technologies (ICTs) can play a crucial role in many
aspects within the framework. The Ostrom Framework consists of a set of varia-
bles that help in examining the institutional rules and interactions that influence
the sustainable use and management of common pool resources (CPRs). Along
with this framework the paper proposes a glocal approach to environmental sus-
tainability that involves integrating global and local perspectives. In the pro-
posed approach, the role of information networks is essential, enabling small- to
medium-scale governance units to interconnect through monitoring systems. In
addition, the paper showcases various successful examples based on the Ostrom
framework, along with instances of maladaptation and unintended consequenc-
es in climate adaptations. It highlights the potential of ICTs as valuable tools
to support collaboration, information dissemination, governance, and enforce-
ment within the Ostrom-based framework for sustainable climate adaptation. It
provides several illustrative examples of how these tools could be harnessed to
improve the effectiveness of the environmentally sustainable approach.

Keywords: sustainability; Ostrom framework; glocal; ICT

INTRODUCTION

Data from The World Counts forum (2023) reveals that human current re-
source consumption and waste production require approximately 1.80 Earths,
with projections that if we continue at the current rate by 2030, we will need the
resources of 2 planets the size of Earth. In addition, a study by the World Wild-
life Fund (WWEF, 2018) highlights the destructive impact of human activities,
with over a third of Earth’s natural resources depleted within the last thirty years.
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These facts highlight an urgent need for a broadly accepted environmentally sus-
tainable plan to limit further destruction.

Sustainable development has gained widespread recognition as a crucial
objective for human society in the 21st century. The term sustainability has
evolved over the past several decades (Hajian & Kashani, 2021). In 1972, the
emphasis was on restricting ecological systems to functions like waste recy-
cling, while also addressing social, educational, health, and employment issues.
In 1987, sustainable development was defined as meeting present needs without
compromising future generations’ ability to meet their own needs. In 2019, it
was further defined as satisfying the needs of both current and future generations
by considering the appropriate circumstances of human, natural, and economic
capital to ensure human welfare (Hajian & Kashani, 2021).

Many research studies that incorporate the term sustainability in their titles
fail to provide a clear definition, which is a methodological error (Salas-Zapata
& Ortiz-Munoz, 2019). In this paper, we adopted the latest definition of sustain-
ability and propose using Elinor Ostrom’s framework to define and build envi-
ronmental sustainability. The frameworks have a significant role in the analysis
of systems as they provide concepts and variables that facilitate the comparison
and accumulation of knowledge (Ostrom, 1990).

In addition, we incorporate in the present analysis the term ,,glocal* coined
by the sociologist Roland Robertson in the 1990s (Robertson, 1990). He coined
the concept to describe the interplay between global and local dynamics in vari-
ous social, cultural, and economic contexts. The term ,,glocal* combines ,,glob-
al*and ,,local* to emphasize the interconnectedness of global processes and their
impact on local communities and vice versa. Soon after Robertson introduced
the term, Elinor Ostrom and her colleagues used it in “Revisiting the Commons:
Local Lessons, Global Challenges” (Ostrom et al., 1999), claiming that insti-
tutional diversity is as important as biological diversity for long-term survival.
In Ostrom’s later work on climate change, she proposes a polycentric approach
because it encourages efforts at multiple levels (Ostrom, 2009).

In this paper, we will provide a background on the Ostrom framework while
positing that information and communication technologies (ICTs) can be a val-
uable tool for collaboration, distribution of information, governance, and oper-
ation in a glocal Ostrom-based framework for sustainable adaptation to climate
change.

The paper is structured in the following manner. The subsequent two sec-
tions provide background on the glocal approach and the Ostrom framework.
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Following that, two sections outline examples of both successful and less suc-
cessful attempts at implementing the Ostrom framework. Section 6 offers an
overview of prior literature on digital transformation and environmental sustain-
ability, while Section 7 discusses the role of ICTs in supporting elements within
the Ostrom-based framework for addressing climate change. Finally, Section 8
presents the concluding remarks.

GLOBAL APPROACH

The glocal approach in environmentally sustainable policy refers to a strategy
combining both global and local perspectives and actions to address environ-
mental challenges and promote sustainability. It recognizes that environmental
issues are interconnected and requires both global cooperation and local imple-
mentation to achieve meaningful and lasting solutions (Robertson, 1990).

The term ,,glocal” is a combination of ,,global* and ,,local,” emphasizing
the need for a holistic approach that considers the broader global context while
acknowledging the specific needs, conditions, and capacities of local commu-
nities. The glocal approach recognizes that environmental problems often have
global causes and impacts, such as climate change, deforestation, or pollution,
but their solutions require tailored actions at the local level, considering local
ecosystems, cultures, and socio-economic contexts.

This approach recognizes the significance of global agreements, such as
the Paris Agreement, in establishing targets, fostering cooperation, and provid-
ing overall guidelines to address pressing issues like climate change. However,
it also highlights the critical importance of translating and implementing these
global goals and policies into actions that are context-specific and relevant at
the local level. This involves considering local knowledge and practices while
involving stakeholders in decision-making processes.

A local government, which can refer to a town, province, or any subnational
unit of government, plays a pivotal role in this context. In the literature, local
government encompasses various administrative levels, with substantial varia-
tions across different countries. For instance, in Russia, even enormous regions
are considered ,,local,* whereas, in most of the United States, municipalities and
counties are entities referred to as local governments. Such variations can lead to
confusion and complexity in defining what constitutes ,,local.*

Ostrom envisioned ,,local as geographically close to a specific natural re-
source, so much so that it became an integral part of daily life for the local
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communities inhabiting that area. This understanding underscores the deep con-
nection between people and their environment, emphasizing the significance of
grassroots involvement in resource management and sustainability efforts.

The glocal approach promotes the idea that environmentally sustainable pol-
icies and practices should not be implemented in isolation but should be adapted
to local realities while aligning with broader global objectives. It recognizes the
interconnectedness of environmental, social, and economic dimensions, aiming
for solutions that balance ecological integrity, social equity, and economic devel-
opment in a locally relevant and globally responsible manner.

THE OSTROM FRAMEWORK

The Ostrom Framework, also known as the Institutional Analysis and De-
velopment (IAD) Framework, is a conceptual tool developed by Elinor Ostrom,
a renowned political economist and Nobel laureate. It is designed to analyze and
understand the governance and management of common pool resources (CPRs).
CPRs are resources collectively used and managed by a group of individuals,
such as fisheries, forests, or irrigation systems. They share certain important
characteristics: they are rivalrous (if you use more, there is less for me); and
they are not exclusive (it is difficult/impossible to keep people from using the
resource). These characteristics make CPRs especially vulnerable to overuse.

The Ostrom Framework consists of a set of variables and concepts that
help in examining the institutional arrangements, rules, and interactions that in-
fluence the sustainable use and management of CPRs. It provides a systematic
approach for studying how communities, organizations, and societies develop
and maintain effective governance systems for these common pool resources.

Ostrom’s research identified eight design principles for the sustainable man-
agement of local common pool resources:

e C(learly defining the boundaries of the group and effectively excluding
external parties who are not entitled to access the common pool resource.

e  Developing appropriation and provision systems for common resources that
are tailored to local conditions.

e Establishing collective-choice arrangements that allow most resource
appropriators to participate in decision-making process.

e Implementing effective monitoring by individuals who are either part of the
community or accountable to the appropriators.
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e Implementing a system of graduated sanctions for those who violate
community rules regarding resource appropriation.

e Establishing accessible and cost-effective mechanisms for resolving
conflicts that may arise.

e Recognizing and supporting the self-determination of the community, as
acknowledged by higher-level authorities.

e In the case of larger common-pool resources, organizing them into nested
enterprises with multiple layers, where small local common pool resources
form the foundation.

The Ostrom Framework is widely used in the field of commons and re-
source governance research to analyze and understand the conditions that lead to
successful collective action and sustainable management of CPRs. It provides a
valuable tool for examining the complexity of resource governance and inform-
ing policy interventions.

To support the Ostrom approach to sharing CPRs, governments can take the
following actions:

Establish Data Recording Systems: prioritize the establishment of compre-
hensive data recording systems that document resource availability. This infor-
mation, not always readily accessible to local residents, can provide a foundation
for informed decision-making and a better understanding of ecological patterns.

Create Conflict Resolution Platforms: facilitate the creation of designated
spaces or platforms for low-cost conflict resolution. These neutral grounds will
allow community members to address disputes peacefully, fostering understand-
ing and cooperation among stakeholders.

Foster Peaceful Information Sharing: to enhance community cohesion, gov-
ernments should actively promote the design of mechanisms that enable local
residents to share information with each other peacefully. Open communication
channels facilitate the exchange of knowledge and ideas, contributing to more
collaborative resource management.

Disseminate Successful Collaboration Examples: play a crucial role in
spreading information about successful collaborative efforts and the strategies
employed. By sharing such success stories, they can inspire other communities
and provide practical examples for achieving collective goals in resource man-
agement.

Support the Creation of Organizational Institutions: aid local residents in
establishing organizational institutions that empower them to effectively or-
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ganize and address collective issues. By enabling communities to build their
own governance structures, governments contribute to sustainable solutions for
shared challenges in resource management, following the principles advocated
by Ostrom.

In her arguments, Ostrom emphasized that addressing global warming
requires more than just global-scale policies. She contended that trust among
citizens and businesses is crucial for fostering comprehensive and transparent
collective action. While existing initiatives like the Carbon Development Mech-
anism (CDM) and Reducing Emissions from Deforestation and Forest Degrada-
tion (REDD) have been put in place, they are not without their vulnerabilities
and free-rider issues.

Instead of relying solely on these global mechanisms, Ostrom advocated for
a polycentric approach that involves collaboration among various stakeholders
at the local, regional, and national levels to tackle greenhouse gas emissions.
This approach promotes experimentation with different strategies across diverse
ecosystems and encourages individual commitments to emission reduction (Os-
trom, 2009). A key aspect of this approach is the significant role played by small-
to medium-scale governance units, which are connected through information
networks and monitoring systems. This role of information networks serves as
the main motivation for the analysis presented in this paper.

It is essential to understand that the polycentric approach is ,,nested,* mean-
ing it assumes that local-level institutions are integrated within higher-level and
broader institutions. For instance, towns are nested within counties, which are,
in turn, nested within states, and so on. This concept differs from ,,glocal,* which
primarily focuses on the ends of these nested units—the global and the local—
without addressing the in-between connections that are crucial in the polycentric
model.

In the recent study by Lofthouse and Herzberg (2023), the authors build
upon Ostrom’s approach to climate change and propose several advancements
in the form of at least six advantages associated with polycentric systems for
addressing climate change. These advantages include competition and coopera-
tion among decision makers, fostering perceptions that encourage coproduction,
facilitating mutual learning through experimentation, enhancing institutional re-
silience and robustness, and yielding socially desirable outcomes that are not
centrally planned.
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EXAMPLES OF ENVIRONMENTAL ADAPTATIONS

Ostrom’s framework is rooted in the principle captured by Lee Anne Fennell’s
succinct statement: ,,A resource arrangement that works in practice can work
in theory* (Fennell, 2011). This implies that Ostrom formulated her framework
and design principles by observing successful real-world practices. The follow-
ing examples highlight environmental adaptations that have achieved success by
employing polycentric approaches, in alignment with Ostrom’s principles.

The TURF-Reserves (Territorial Use Rights for Fishing) system has been
implemented to manage marine resources in three coastal communities in Mexi-
co (Villasefior-Derbez et al., 2019). This approach involves allocating exclusive
fishing rights to specific coastal communities, who then collectively manage
and protect their designated fishing areas. Through local governance systems
and clearly defined rules, communities have successfully improved fish stocks,

reduced destructive fishing practices, and increased their economic well-being
(McDonald et al., 2020).

Nepal has implemented community-based forest management programs,
where local communities are granted rights and responsibilities for managing
forest resources. This approach has led to improved forest conservation and sus-
tainable utilization of forest products. Local institutions, such as Forest User
Groups, have been formed to govern forest use and establish rules for resource
allocation, protection, and revenue sharing (Ghimire & Lamichhane, 2020).

India has implemented Joint Forest Management (JFM) programs, where
local communities collaborate with state and national government agencies to
manage forest resources (Elias et al., 2020). Through JFM, communities have
gained rights and responsibilities to protect and manage forests, including regu-
lating timber extraction, preventing encroachment, and promoting afforestation
efforts. This approach has shown positive outcomes in terms of forest regener-
ation, biodiversity conservation, and livelihood improvement for local commu-
nities.

Indigenous communities in Australia have traditional conservation practic-
es that align with the principles of the Ostrom Framework. For example, In-
digenous Protected Areas (IPAs) are managed by Indigenous communities to
conserve biodiversity and maintain cultural heritage. These areas involve indig-
enous-led governance, traditional knowledge systems, and collaborative deci-
sion-making processes, resulting in effective conservation outcomes and cultural
sustainability (Ens & Turpin, 2022).
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The communities identified by Ostrom, which adopt the polycentric ap-
proach based on her framework for environmental adaptation, are predominant-
ly found in low-resource settings. Surprisingly, there is a considerably smaller
number of Ostrom-based CPR solutions employing the approach in the devel-
oped world. Blomquist and Schlager (2005) discuss some of the obstacles relat-
ed to political issues in a small Southern California community that attempted to
use the polycentric approach in watershed management.

On the other hand, numerous authors have observed that the UN 2030 Agen-
da for Sustainable Development adopts a polycentric approach that prioritizes

the inclusion of people in its operations. These authors include Biermann et al.
(2017), Goegele (2020), Niestroy (2014), and Weiss and Carayannis (2017).

MALADAPTATIONS TO CLIMATE CHANGE

While numerous adaptations are successful, not all attempts yield the intended
outcomes. Planning for adaptation is inherently uncertain and reliant on imper-
fect information, resulting in the failure of many strategies. In fact, some strat-
egies can exacerbate the situation, leading to what is known as maladaptation
(Schipper, 2020). Apart from the wasted resources and time, maladaptation in-
tensifies vulnerability to climate change. The primary cause of maladaptation
lies in inadequate planning, although identifying its various complex manifesta-
tions in advance with certainty proves challenging.

A case study in Fiji highlights the unintended consequences of seawalls
built to protect against rising sea levels (Piggott-McKellar et al., 2020). Contra-
ry to their intended purpose, these seawalls have increased the vulnerability of
nearby communities by obstructing stormwater drainage. The presence of such
infrastructure often leads to a false sense of security, encouraging people to re-
main in vulnerable areas. Furthermore, in the Fiji case, the seawalls caused shifts
in vulnerability along the coast due to changes in sediment deposits and posed
threats to the marine ecosystem (Piggott-McKellar et al., 2020).

Similarly, in Bangladesh, a study examined the gendered impacts of flood
control measures (Sultana, 2014; 2018). These measures had numerous negative
consequences, including the elimination of floodplains that served as important
sources of income and food. The measures also resulted in reduced soil nutrients
derived from floodwaters. Most importantly, women were disproportionately
affected, as landless and impoverished women lost opportunities for food and
resource gathering when the flooded areas disappeared. This significantly under-
mined their livelihood security (Sultana, 2018).
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Adapting to climate change also requires changes in attitudes and behav-
ior. These behavioral changes often play a crucial role in successful adaptation
strategies. Some of them are effective and positive, however, not all behavioral
changes lead to positive outcomes.

A study conducted in northern Ghana examined how farming communities
were responding to climate change. It was found that farmers were resorting to
temporary migration away from rural areas in search of employment due to the
insecurity caused by inadequate rainfall. While this strategy diversified their in-
comes and reduced pressure on food reserves, it also resulted in labor shortages
during periods of favorable farming conditions. Therefore, when there are suf-
ficient resources for a successful harvest, there is a lack of available manpower.
Consequently, the act of migrating complicates farming further and introduces
new dynamics and challenges to societal structures (Antwi-Agyei et al., 2018).

DIGITAL TRANSFORMATION AND ENVIRONMENTAL
SUSTAINABILITY

According to the United Nations Environment Programme (UNEP), climate
change efforts can be categorized into two main approaches: mitigation and ad-
aptation (UNEP a, nd). Mitigation focuses on actions aimed at reducing green-
house gas emissions or addressing factors that contribute to the global rise in
temperatures. On the other hand, adaptation involves acknowledging that cli-
mate change is already occurring and making plans to adjust behaviors and sys-
tems to cope with the resulting changes. An example of adaptation can be seen
in Fiji, where the population developed strategies to meet the challenges posed
by climate change (UNEP b, nd).

Resilience is a concept often linked with adaptation. It goes beyond mitiga-
tion and is considered one step closer to disaster management. Resilience refers
to the ability of communities and ecosystems to withstand and recover from the
impacts of climate change and other disturbances. It emphasizes the importance
of building adaptive capacity to effectively respond to and bounce back from the
consequences of climate-related events.

The concepts of sustainability, digitalization, resilience, and agility have
become buzzwords for organizations seeking to navigate the challenges of en-
vironmental degradation. However, the relationship between sustainability and
resilience lacks clarity, particularly related to factors that contribute to greater re-
silience in times of crisis and disruption. Miceli et al. (2021) address this gap by
constructing a conceptual model to explore how these dimensions interact, with
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a focus on leveraging digitization and agility as enablers to achieve strategic
resilience. The research offers a new perspective on resilience, moving beyond
its traditional understanding as the ability to withstand or adapt to adversity. It
introduces a strategic attribute that empowers companies to develop innovative
approaches to conducting business under stressful circumstances.

Frameworks have a significant role in the analysis of social-ecological sys-
tems (SESs) as they offer concepts and variables that facilitate the comparison
and accumulation of knowledge across diverse cases. The Ostrom framework
comprises a collection of concepts and variables structured across multiple tiers.
It has demonstrated its relevance in explaining outcomes through numerous
case studies in the realms of fishery, water, and forestry common-pool resources
(Hinkel et al., 2014).

Specific studies such as Eizenberg and Jabareen (2017) proposed a con-
ceptual framework for social sustainability. The authors argue that risk is an
inherent component of sustainability, and in today’s context, the risks primarily
emanate from climate change and the associated uncertainties. These risks pose
substantial challenges to contemporary societies in social, spatial, structural, and
physical dimensions. Within the broader context of sustainability, the concept of
social sustainability emerges as a response to these risks while simultaneously
addressing social concerns. Another study by Feroz et al. (2021) introduces a
comprehensive framework outlining the necessary transformations in four criti-
cal domains: pollution control, waste management, sustainable production, and
urban sustainability.

THE ROLE OFICTSIN GLOCALOSTROM FRAMEWORKAPPROACH

Information and Communication Technologies hold significant potential as val-
uable tools for implementing the environmentally sustainable glocal approach
within the framework proposed by Ostrom. They can provide essential support
for various actions, including the establishment of data recording systems, the
creation of conflict resolution platforms, and the dissemination of information
and success stories. Below are some examples of how ICTs can facilitate and
enhance these efforts.

Collaboration

Collaboration is critical for addressing complex environmental challenges, as
they require the collective efforts of diverse stakeholders on all levels of govern-
ment and society. Within Ostrom framework ongoing communication and col-
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laboration between different communities using the same resource is essential.
ICTs can enable collaboration by providing platforms for virtual communication,
knowledge sharing, and coordination among stakeholders. For instance, online
forums, video conferences, and collaborative workspaces facilitate the exchange
of ideas, expertise, and best practices. By transcending physical boundaries,
ICTs promote global collaboration while also empowering local communities to
participate actively in sustainable initiatives.

One example of ICTs as a collaborative tool is the Global Biodiversity In-
formation Facility (GBIF). GBIF is an international network and research in-
frastructure that uses ICTs to facilitate the sharing of biodiversity data among
various stakeholders. It acts as a platform for data publishing, accessing, and
integrating biodiversity information from different sources, including museums,
research institutions, and government agencies (GBIF, nd). Through GBIF’s on-
line portal, researchers, scientists, policymakers, and conservationists collabo-
rate virtually. They can access vast amounts of biodiversity data, ranging from
species occurrences to distribution maps and ecological information. This infor-
mation exchange fosters cooperation in understanding biodiversity patterns and
trends.

Distribution of information

ICTs have the potential to act as powerful tools for disseminating relevant in-
formation to a wide range of stakeholders, including policymakers, communi-
ties, and individuals. Through websites, mobile applications, and social media
platforms, ICTs enable efficient and widespread sharing of environmental data,
policy guidelines, and educational materials as well as success stories. Accessi-
ble and up-to-date information empowers individuals and organizations to make
informed decisions and take proactive measures toward sustainability. Further-
more, [CTs facilitate real-time monitoring and reporting of environmental indi-
cators, enabling prompt actions and adaptive management strategies.

For example, one platform for sharing success stories implementing the
environmentally sustainable approach is the ,,Climate Champions® (Climate
Champions, nd). It is an online initiative that individuals, organizations, and
communities from around the world use to share their success stories and best
practices in implementing environmentally sustainable projects and initiatives.
It serves as a virtual hub for showcasing inspiring success stories, innovative
solutions, and impactful projects that have contributed to climate change mitiga-
tion and adaptation.
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Governance

The Ostrom framework emphasizes the importance of local self-governance
and the involvement of communities in managing common resources. ICTs
support this aspect by enabling transparent and participatory governance pro-
cesses. Online platforms, such as citizen engagement portals and collaborative
decision-making tools, allow stakeholders to contribute to policy development,
provide feedback, and engage in dialogue with decision-makers. By enhancing
transparency, accountability, and inclusiveness, ICTs strengthen the governance
mechanisms required for sustainable resource management.

Enforcement

Enforcement of environmental regulations and policies is essential to ensure
compliance and prevent harmful practices. ICTs contribute to effective enforce-
ment mechanisms by enabling real-time monitoring, reporting, and data analysis.
For example, satellite-based remote sensing technologies could be employed to
regularly monitor large, forested regions. High-resolution satellite imagery cap-
tures detailed snapshots of the forests at regular intervals, allowing authorities to
detect changes in land cover and identify potential areas of illegal deforestation.
Advanced data analytics algorithms are then applied to process the vast amount
of satellite imagery data. These algorithms can detect changes in forest cover,
and distinguish between natural disturbances and human-induced deforestation.
Furthermore, ICTs could support efforts to enhance transparency and traceabil-
ity in supply chains. By implementing digital tracking systems and blockchain
technology, the sourcing and trading of forest products can be closely monitored.

CONCLUSIONS

The Ostrom Framework is widely employed in the field of commons and re-
source governance research to analyze and comprehend the factors that contrib-
ute to successful collective action and sustainable management of CPRs. The
framework serves as a valuable tool for understanding the intricacies of resource
governance and guiding policy interventions.

This paper explores sustainability within the Ostrom framework, particu-
larly focusing on the application of the glocal approach. The glocal approach
emphasizes that environmentally sustainable policies and practices should not
be implemented in isolation but rather adapted to local realities while aligning
with broader global objectives.
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Throughout this paper several highly successful examples based on the Os-
trom framework have been presented, along with some adaptations to climate
change that did not yield positive outcomes, resulting in maladaptation with un-
intended consequences.

Moreover, the paper highlights the potential of Information and Commu-
nication Technologies (ICTs) as valuable tools for collaboration, information
dissemination, governance, and enforcement aspects within the Ostrom-based
framework for sustainable adaptation to climate change. ICTs offer powerful
means to advance environmentally sustainable practices within the glocal ap-
proach, guided by the Ostrom framework. By promoting collaboration, facili-
tating the distribution of information, strengthening governance, improving en-
forcement mechanisms, ICTs can empower stakeholders to actively participate
in sustainability initiatives. Harnessing the potential of ICTs in conjunction with
the Ostrom framework can lead to more effective and inclusive environmental
management, paving the way for a sustainable future.
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Abstract:

At the beginning of 21st century focus of the environmental protection of
atmosphere shifted towards the interaction between hazardous chemical entities
and suspended particles representing a critical aspect of environmental science,
contamination of ambient air and determining the real concentration level of
polluting substances. The airborne pollutants and particulate matter correlation
significantly influences the fate, transport, and subsequent impacts on ecosys-
tems and human health. The paper illustrates sorption and transport phenomena
of hazardous and emerging substances in the gaseous phase of the ambient air
with particular focus on the specific free gas molecules that could be sorbed on
suspended particles.

The sorption process phenomenologicaly observe the interface and the in-
teraction between solid and gas phase. Very often the scientific and experimen-
tal approach does not differentiate free gaseous toxic molecules within gaseous
phase. Sorption processes are based on the very complex inter / intra bond corre-
lation between ad/ab sorbents and hazard substances (free gas emerging organic
and inorganic molecules that are sorbed on the suspended particles).

The paper describes the long-range transport phenomena link with persis-
tence and pseudo persistence, taking into account the fundamental physicochem-
ical characteristics of hazardous emerging chemicals entities.

Key words: Sorption, transport phenomena, suspended particles.

INTRODUCTION AND THEORY

In the intriguing mosaic of atmospheric chemistry, the sorption and transport
phenomena of hazardous chemical entities on suspended particles in ambient air
stand as key determinants of environmental quality and human well-being. The
very complex interactions (primary and secondary chemical bonds and intermo-
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lecular bonds) between airborne contaminants and particulate matter introduce
a dynamic dimension to the understanding of pollutant behavior, dispersion, dif-
fusion and final impact (Weber, McGinley and Katz, 1991; Chen et al., 2018;
Sadeghalvad et al., 2021). Emerging environmental substances are not necessar-
ily new chemicals, often they have been omnipresent in the environment whose
presence and significance are scarce, now being elucidated (Cohen et al., 2017;
Loos et al., 2017; Yu et al., 2020).

Sorption (ab and ad), the adhesion of hazardous chemical entities onto sus-
pended particles, is a multidimensional bond process governed by surface prop-
erties, molecular interactions, and environmental conditions (figure 1.). As these
entities become complex associated with atmospheric aerosols, the resulting
composite structures contribute significantly to the overall composition of am-
bient air. The reciprocity between hazardous substances and airborne particles
holds crucial implications for the dispersion, transformation, and gravitational
deposition (dry and wet) of pollutants in the environment. In the chemistry, no
process is one dimensional and excluding. One process is dominant, while the
others are found in active thermodynamically equilibrium.

Physiosorption Chemisorption Ionization and dissociation

_otre

_ e

Figure 1. Simple scheme of sorption processes.

Transport phenomena further complicate this dynamic system by elucidating the
pathways and mechanisms through which particle-bound contaminants move
through the ambient air. Gravitational settling, diffusion, and atmospheric dy-
namics collectively influence the spatial and temporal distribution of hazard-
ous and emerging substances(Selemenev, Chilrin and Khokhlov, 1999; Bilton ef
al., 2000; Dunitz and Gavezzotti, 2005; Noy and Friddle, 2013). Understanding
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these transport dynamics is imperative for predicting pollutant concentrations,
assessing exposure risks, and regional variations in air quality, as well as long
range transport.

The inter/transdisciplinary research integrates general principles from at-
mospheric science, chemistry, and environmental physics to unravel the high
complexity of sorption and transport phenomena in ambient air. Advanced an-
alytical techniques and modeling approaches are employed to examine the mo-
lecular-level interactions between hazardous emerging entities and suspended
particles (Sahimi, 1995; Weiss et al., 2010; Sirtl et al., 2013).

The research goal is to enhance our comprehension of the processes shaping
air quality, with practical applications ranging from pollution control strategies
to refined risk assessments and targeted environmental adoption processes.

The complex molecular in-
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Figure 2. The complex
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MATERIALS AND METHODS

Suspended particles characterized by differentiated in size fractions, enable
a detailed understanding of size-dependent sorption and transport phenomena.
Understanding the physicochemical characteristics of the suspended particles
provides the insights into the sorption phenomena in coordination with transport
processes. Advanced models for the transport dynamics of particle-bound haz-
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ardous substances in ambient air provide the necessities for simulation incorpo-
rating the atmospheric conditions, wind patterns, and particle characteristics to
predict the dispersion and movement of contaminants.

The particle characterization data, sorption studies, and transport dynamics
were observed in the comprehensive models. Integration facilitates a holistic
understanding of the sorption and transport phenomena of hazardous chemical
entities on suspended particles in ambient air.

RESULTS AND DISCUSSION

The reciprocity between sorbents and hazardous substances in sorption pro-
cesses is a multifaceted phenomenon, governed by complex inter/intramolecular
bond correlations. The nature of interactions is fundamental to understanding
how free gases, organic compounds, and inorganic molecules associate with sus-
pended particles. The sorbents, represented by airborne particulate matter, serve
as dynamic carriers that influence the fate and transport of hazardous entities in
the environment.

The diverse physicochemical characteristics of both sorbents and hazardous
substances contribute to the complexity of these interactions. Surface properties,
such as charge and composition, play a crucial role in determining the extent and
nature of sorption. The specificity and strength of bonds formed at the molecular
level influence the sorption capacity and, consequently, the persistence of these
chemicals on suspended particles.

Unique Physicochemical characteristic of Emerging substances:

e Low doses occurrence and specific effects - ppm, ppb, ppt and lower,
NMDR, Chemical Cocktails

e Pseudo persistency / persistency

e Stability low/non degradability

e Hydro/lipophilicity - (Log Kow = - 4.76 — 9.48)
e Bio concentration/accumulation/magnification

¢ Binding to proteins — (biological properties)
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e Toxicity with hazardous and rather chronic effect

e Endocrine modulating/disruption, with teratogen and carcinogenic
consequences within low/sub low doses

e Non - or semi volatile compounds, (volatile, D5cyclic siloxane)
e Water/lipid soluble molecules (0.06-3.1 104 mg/L)
e Polar/nonpolar molecules, Neutral, acidic, basic,

e lonic or zwitter ionic chemical species.

The research develops the compelling link between long-range transport
phenomena and the persistence of hazardous substances on suspended particles.
Understanding the transport dynamics of particle-bound contaminants over ex-
tended distances is essential for comprehending regional pollution patterns and
assessing the potential for exposure in diverse environments.

The concept of pseudo-persistence is particularly intriguing in this context.
It recognizes that while sorption may lead to an apparent persistence of haz-
ardous entities on particles, the reversible nature of some sorption processes
suggests that these chemicals may be released under specific environmental con-
ditions. This dynamic equilibrium between sorption and desorption contributes
significantly to the behavior of contaminants during long-range transport.

The consideration of fundamental physicochemical characteristics extend
of hazardous chemical entities include the molecular structure, volatility, sol-
ubility, and reactivity collectively shaping behavior in the environment. These
characteristics influence sorption affinity, transport pathways, and the potential
for transformation or degradation during transport.

The diverse environmental matrices, encompassing air, water, and soil, pose
unique challenges in predicting the fate of particle-bound contaminants. The
integration of physicochemical characteristics into models enables a more ac-
curate representation of the environmental fate of hazardous substances during
long-range transport - LRT.

The consequences of long-range transport of air pollutants are far-reaching
and multifaceted, exerting significant impacts on both the environment and hu-
man health(Giona, Brasiello and Crescitelli, 2017). As pollutants travel extended
distances through atmospheric fluxes contributing to the degradation of air quali-
ty in regions far removed from their original sources. LRT plays a pivotal role in
the global dispersion of pollutants, contributing to trans boundary air pollution.
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The deposition of contaminants onto land and water surfaces can have detrimen-
tal effects on ecosystems, including soil acidification, water pollution, damage
to vegetation, and destroy biodiversity. A certain pollutants undergo chemical
transformations during transport, giving rise to secondary pollutants that could
have more hazardous and toxic environmental and health impact.

Understanding the sorption and transport phenomena of hazardous chemi-
cal entities on suspended particles has significant implications for environmental
management. Strategies aimed at mitigating the impact of pollutants must con-
sider not only the source and type of contaminants but also their behavior during
transport. This insight becomes especially critical in designing pollution control
measures and formulating policies that address the persistent nature of contami-
nants over varying spatial scales.

CONCLUSION

The complex nature of sorption processes, emphasizing the bond correla-
tions between sorbents and hazardous emerging substances are highlighted as
the crucial in the environmental understanding of sorption and transport phe-
nomena. The paper defined long-range transport phenomena, persistence, and
pseudo-persistence contributes valuable insights into the environmental fate of
particle-bound contaminants.

The fundamental physicochemical characteristics of hazardous emerging
entities posse the potential to impact the sustainable environmental management
practices and enhance our ability to address the challenges defined by these com-
plex interactions.

The fate and behavior of sorbed hazardous emerging substances onto the
suspended particles are not well known, while the eco and nano toxicological
effects are very dangerous. The omnipresence of these highly bioactive emerg-
ing molecules underlines the importance to understand the fate and the behavior
of sorption and transport processes. The new strategic imperative is the shifting
environmental protection processes toward future vision and application of ad-
vanced mitigation measures, circular economy, and development of the sustain-
ability in society.
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ABSTRACT

The paper analyzes the impact of digital transformation on eco-innovation.
Significant progress in digital technologies has contributed to the birth of In-
dustry 4.0, i.e. the Fourth Industrial Revolution. Digital transformation is the
company’s response to the rapidly changing business landscape in the digital
age, enabling companies to remain competitive and improve their performance.
It refers to the integration of digital technologies in all aspects of the organiza-
tion, reshaping or replacing the business model. Previous industrial revolutions
achieved an enormous rate of economic and social progress, but had a negative
impact on the environment. Eco-innovations are companies’ response to envi-
ronmental problems: they refer to innovations that improve environmental per-
formance, helping companies to balance profitability and environmental respon-
sibility and to increase prospects for long-term survival. The focus of the work
is on eco-innovations of products, processes and organization. The accumulation
of digital technologies and the development of digital capabilities in an organi-
zation can induce all these categories of eco-innovation. The work is theoretical,
the impact of digital transformation on eco-innovations can be empirically test-
ed, it can be extended to other types of eco-innovations and it can also include
the value chain and business ecosystem.

Key words: digital transformation, eco-innovation, digital technologies,
sustainability

INTRODUCTION

The rapid development of digital technologies has led to large-scale quan-
titative and qualitative changes in both industries and society. The term Industry
4.0 originally emerged in Germany in 2011 as a vision of the future manufactur-
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ing system, including not only a technological platform for the manufacturing
industry, but also a social program aimed at major economic and social chal-
lenges in the 21st century (Michelsen, 2020). Schwab (2017) promotes the term
Fourth Industrial Revolution which is characterized by a series of new technol-
ogies that connect the physical, digital and biological worlds, affecting all dis-
ciplines, economies and industries. These concepts, which have largely become
synonymous, began to be accepted in the business world and introduced into the
strategic documents of corporations that were seeking ways to increase com-
petitiveness and improve performance. Digital transformation in Industry 4.0
integrates digital technologies into all spheres of business, changing business
models and bringing unprecedented opportunities and challenges to economic
and social development.

Digital technologies enable digital transformation. The plethora of digital
technologies can cause confusion, so it is important to categorize them. Culot et
al. (2020) classify digital technologies into four quadrants: physical-digital inter-
face technologies — high share of hardware components/extended network con-
nectivity; network technologies — high share of software components/extended
network connectivity; data-processing technologies — high share of software
components/low network creativity; and physical-digital process technologies
— high share of hardware components/low network creativity. The Internet of
Things, cyber-physical systems and extended reality (virtual, augmented and
mixed reality) are classified as physical-digital-interface technologies; cloud
computing, mobile technologies, blockchain and cyber security are in the cate-
gory of network technologies; big data and real-time analytics, simulation, ma-
chine learning and artificial intelligence are part of data-processing technolo-
gies; 3D printing, robotics and energy management solutions are classified as
physical-digital process technologies (Culot, et al., 2020; Zhou & Zheng, 2023).

As digital technologies are constantly evolving, it is necessary to understand
the various concepts that arise when the analog and digital worlds intersect. Dig-
itization, digitalization and digital transformation, which are often confused, are
distinctive concepts related to each other. Digitization is a component of digi-
talization and digitalization is, in turn, subsumed under digital transformation
(Saarikko et al., 2020). Digitization is the process of transformation from analog
to digital form, enabling the creation of a digital version of physical informa-
tion carriers. Digititalization represents the integration of the analog and digital
worlds with new technologies that improve user interactions, data availability,
as well as business processes (Eling & Lehmam, 2018). Digital transformation
deals with the changes that digital technologies can bring to a company’s busi-
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ness model (Hess, et al., 2020). The main purpose of a business model is to
define how a business delivers value to customers, entices customers to pay for
value, and turns those payments into profit (Teece, 2010). Digital transformation
requires companies to develop different capabilities, formulate an appropriate
strategy and review and redefine business model in order to maintain or gain a
competitive advantage.

The progress achieved by previous industrial revolutions, unprecedented in
human history, has had its price embodied in long-term unwanted consequenc-
es for the environment. The fourth industrial revolution has the potential to be
different. According to Javaid et al. (2022) Industry 4.0 technologies and key
interrelationships through advanced technologies should positively impact the
environment and sustainability. One of the important research questions in this
context is the relationship between digital transformation and eco-innovation.
When faced with global environmental crisis, the competitiveness of organi-
zations is not possible without taking into account environmental impacts. The
concept of eco-innovation is developed as a response to the connection of in-
novation with environmental protection, preservation of natural resources and
improvement of the quality of life and is in accordance with the concept and
philosophy of sustainable development. Eco-innovations have positive effects
on the environment while generating economic returns, contributing to com-
panies to engage in value creation activities in an environmentally sustainable
and economically sustainable manner. Eco-innovations have also benefits for the
national economy and society by increasing competitiveness and economic de-
velopment, creating new sources of value for productivity growth, reducing en-
vironmental and health risks (United Nations Environmemt Programme, 2017).
Some studies report positive effects of digital transformation on eco-innovation
(Li & Shen, 2021; Xue et al., 2022) but research evidence is still insufficient.

This paper is structured as follows: Two sections following the introduction
describe digital transformation and eco-innovation focusing on definition, con-
text (external and internal factors), content, process and performance. After that,
the impact of digital transformation on eco-innovation, namely product eco-in-
novation, process eco-innovation and organizational eco-innovation is discussed
in the following section. The last section of the paper is the conclusion.

DIGITAL TRANSFORMATION

Digital transformation is changing the way companies do business, value
chains, industries, economy and society as a whole. At the company level, dig-
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ital transformation leads to changes in business models, processes, structure,
culture, collaboration (Kozanoglu & Abedin, 2020; Warner & Wiéger, 2019).
Digital transformation also creates changes in consumer behavior, transforming
their experiences in using the products and services of a company. According to
the definition given by Ismail, et al. (2017) digital transformation is a process
through which enterprises converge multiple modern digital technologies with
the intention of achieving superior performance and sustainable competitive ad-
vantage by transforming multiple business dimensions including business mod-
el, user experience, processes and decision-making, influencing people (skills,
culture) and networks.

According to Verhoef et al. (2021) key external factors of digital transfor-
mation are: digital technologies, digital competence and digital consumer behav-
ior. Managers need to understand the potential of existing or emerging digital
technologies, stay abreast of technology trends, proactively explore the ways in
which digital technologies can contribute to business, as well as the challenges
they face. Competition is intensifying as more and more companies adopt digital
technologies, innovate their business models and processes, and companies that
do not do that risk falling behind in the market competition and eventually disap-
pearing from the market. Digital technologies change the behavior, interactions
and expectations of consumers (Ejbari & Bouali, 2022), and if companies do not
adapt to these changes, they become less attractive to customers who are likely
to turn to the products and services of digitally advanced competitors.

According to Luo & Yu (2022) the internal factors of digital transformation
are: digital strategy, internal resources and capabilities and leadership. Digital
strategy is formulated and implemented with the aim of creating new forms of
value, for the organization, its customers and partners, through combinations of
digital technologies (Wielgos et al., 2021). When formulating a digital strategy,
it is necessary to identify the elements of the business model that must change
in accordance with the new strategy, along with the scope of the digital trans-
formation (Correani et al., 2020). Organizations need to develop resources and
capabilities to deliver digital strategies, including technological, human and or-
ganizational aspects. It is especially important that organizations have people
with the right skills and competencies to use digital technologies effectively and
efficiently. Digitally advanced companies develop strong leadership capabilities
for digital transformation. To be successful, digital leaders should have the com-
petencies and behaviors needed in the digital age, as well as the competencies
necessary to lead digital transformation including strong leadership skills (Zeike
etal., 2019).
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The literature points out that the content of digital transformation derives
from how companies integrate technology to transform their business, which
emphasizes the formulation of an appropriate strategy and leadership that will
lead the digital transformation (Kane et al., 2015). Digital transformation affects
the entire company and way of doing business, leading to the development of
new business models (Verhoef et al., 2021). According to Ismail et al. (2017) the
business level of the content of digital transformation consists of vision, goals
and strategic decisions about reviewing and changing business models, intro-
ducing technologies necessary to achieve the set goals, and creating benefits for
customers through expanding the user experience and anticipating and satisfying
their needs; the functional content level refers to managerial decisions about
financial and other performance, changes in the organization and collaboration
with external stakeholders, as well as changes in business processes.

Digital transformation is a continuous process of change. The literature
emphasizes the perspective of episodic changes, which refer to non-frequent,
discontinuous and intended changes, and the perspective of continuous changes,
which refer to constant ongoing, evolving and cumulative changes (Weick, &
Queen, 1999). In modern conditions, organizations must be able to continuous-
ly adapt to a rapidly changing environment in order to achieve and maintain
business success (Hinsen et al., 2019). Hanelt et al. (2021) argue that digital
transformation corresponds to the perspective of continuous changes, but it can
be initiated and shaped by episodic changes, while further continuous changes
are induced later. This means that the perspective of episodic changes can also
be useful for digital transformation but with adaption, not assuming an end state
or a freezing period (Hanelt et al., 2021).

By reviewing several studies on the process of digital transformation, Zaoui
& Souissi (2020) summarize many activities that are in the focus of researchers,
including the assessment of digital maturity, defining strategic guidelines for
digital transformation, defining the implementation strategy, digital transforma-
tion of customer experience, digital transformation of the product and service
offer, digital transformation of value creation, digital transformation of business
processes, building skills, financial support, etc. It is very important for organi-
zations to assess the degree of digital maturity achieved because progressing on
the digital path increases the likelihood of achieving high performance. Many
models of digital maturity can be found in the literature (e.g. Schumacher et
al., 2017; Blatz et al. 2018; Pulkkinen et al., 2018 et al.) in which different di-
mensions are evaluated including strategy, business model, processes, products,
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customers, performance indicators, interfaces, leadership, people, technological
infrastructure, etc.

Digital transformation is associated with an increase in various dimensions
of performance including, among others, competitive advantage (Adamik &
Novicki, 2018), innovation (Lobejko, 2020), user involvement and experience
(Schneider & Kokshagina, 2021), user satisfaction (De Miguel et al., 2022), im-
provement of business processes (Kubrak et al., 2023), operational efficiency
(Zhai et al., 2022). Regarding its impact on the financial performance of compa-
nies, some studies find positive relationships between digital transformation and
financial performance (Nasiri et al., 2020; Zeng et al., 2022; Zhai et al., 2022),
however some other studies report that there is no significant increase in financial
performance or that the effects are negative (Chen & Srinivasan, 2019; Guo et
al., 2023). Researching companies in Sweden, Jardak & Hamad (2022) conclude
that the negative impact of digital transformation on financial performance can
be explained by the fact that it takes time for investments in digital technologies
to materialize, and partly the negative effects are due to inappropriate manage-
ment of digital transformation. According to Chen & Srinivasan (2019) digital
technologies require high costs, but if digital investments are successful, positive
effects will be seen in the long term. Nasiri et al. (2020) find a key mediating role
of digital maturity for financial success in digital transformation, emphasizing
the need to develop a continuous process of adoption of digital technologies.

ECO-INNOVATIONS

According to Rennings (2000) eco-innovations represent all the efforts of
relevant actors who develop, apply and introduce new ideas, behavior, products
and processes, and which contribute to reducing the burden on the environment
or ecologically determined sustainability targets. Kemp & Foxon (2007) define
eco-innovation as the production, assimilation or exploitation of a product, pro-
duction process, service or management or business method that is new to the or-
ganization (develops or adopts it) and that results, during its life cycle, in the re-
duction of environmental risks, pollution and other negative impacts of resource
use (including energy use) compared to relevant alternatives. Eco-innovations
reduce the use of natural resources and reduce the release of harmful substances
during the entire life cycle, bringing benefits for the economy - saving costs and
energy, the realization of new products and services, new markets and business
opportunities; environment - sustainable management of natural resources, im-
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provement of biodiversity and ecosystems; and society - improving the quality
of life, new and sustainable jobs (Malega et al., 2021).

The external factors of eco-innovation are political-regulatory, econom-
ic-market driven and cooperation-networking (Cur¢i¢ & Zaki¢, 2021). Politi-
cal-regulatory factors include market-based instruments (eg environmental
taxes, subsidies, tradable permits, etc.) and command and control instruments
(laws, standards, technical requirements, etc.). Among the economic-market
driven factors stand out the influence of competition, the increase in consum-
er awareness of eco-friendly products (Aibar-Guzman, 2021) and saving costs,
which, among other things, refers to the reduction of material and energy con-
sumption (Horbach et al, 2012). Economists favor market-based instruments for
their economic efficiency as they lead to cost-effective decisions and encourage
technological progress in efforts to prevent environmental degradation (Perei-
ra-Sanchez & Vence-Deza, 2015). Networking and cooperation with partners is
important for the realization of eco-innovations due to their systemic and com-
plex characteristics (De Marchi, 2012).

The internal factors of eco-innovation are environmental strategy, internal
resources and capabilities and absorptive capacity (Mady et al., 2021). Environ-
mental strategies can be reactive and proactive. Reactive strategies are typically
applied by companies that strive to adopt regulations and a minimum level of
eco-innovation practices (Delgado-Ceballos et al., 2012). In contrast, proactive
strategies refer to the development of environmental goals and practices, top
management support and investment in environmental initiatives beyond the
requirements of regulations and standards (Das, 2023). Adequate physical and
financial resources, human capital, reputation, technological and organization-
al capabilities can determine the adoption and development of eco-innovations
(Kiefer et al., 2018; Cai & Li, 2018). Researchers emphasize the importance of
absorptive capacity in terms of eco-innovation, i.e. the ability to recognize the
value of external information and knowledge, assimilation and application (Arfi,
2018).

The content of eco-innovations is diverse. Numerous studies with typolo-
gies of eco-innovations and their characteristics can be found in the literature.
Kemp & Foxon (2007) provide the following typology: environmental tech-
nologies, organizational innovation for the environment, product and service
innovation with environmental benefits and green system innovations. Target,
1.e. the basic focus of eco-innovation according to Organisation for Economic
Co-operation and Development (2009) includes products, processes, marketing
methods, organizations and institutions; the first two categories are primarily
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technological in nature and the other categories are primarily non-technological.
Hojnik (2017) lists the following categories of eco-innovation: product eco-in-
novation, process eco-innovation, organizational eco-innovation, marketing
eco-innovation, social eco-innovation (they consider the human element as an
integral part of any discussion about consumption resources, include changes in
behavior and lifestyle, ensuring demand for eco-friendly products and services,
innovative green life concepts, etc.) and system eco-innovation (a series of relat-
ed innovations that improve or create new systems with new functions, reducing
the overall impact on environment). In the literature, the most represented is the
research of product eco-innovations, process eco-innovations and organizational
eco-innovations (Triguero, et al., 2013; Medina et al. 2022).

The eco-innovation process is systematic and complex, it differs accord-
ing to the nature of the innovation, the degree of novelty (incremental/radical
innovation), the implementation of environmental practices (proactive/reactive
environmental strategy) and other criteria, and requires internal and external col-
laboration, diversified knowledge and analysis of various impacts (economic,
ecological, social). Different models of the innovation process can be applied
according to different eco-innovation projects depending on the contingencies
and uncertainties of a project. In addition, due to the complexity of eco-innova-
tions, collaboration may be more important for their realization than in the case
of other types of innovations (De Marchi, 2012). Evaluating the achieved level
of maturity in terms of eco-innovation is more difficult for companies due to the
lack of appropriate models in the literature, but in recent years, attempts have
been made to bridge the gap. Xavier et al. (2020) develop an eco-innovation ma-
turity model whose dimensions are: strategy, structure, resources and culture and
which includes five levels of maturity, from the first level (unfinished) where the
company does not yet apply eco-innovation practices, continuing with ad-hoc,
operational and strategic levels, up to the fifth (holistic) level when eco-innova-
tion practices are applied and strategically integrated in all sectors in a systemic,
harmonious and collaborative way.

Eco-innovations contribute to the improvement of company performance in
multiple directions, among which are the creation of new business opportunities,
increasing market share, improving image and reputation, increasing customer
satisfaction, increasing sales, improving operational performance and reducing
costs, etc. (Pujari, 2006; Cheng et al., 2014; Ryszko, 2016; Yao et al., 2019; Yur-
dakul & Kazan, 2020). Some studies find that there are no significant effects of
eco-innovations on financial performance (Li, 2014; Putri & Sari, 2019) or that
the effects are negative (Driessen et al., 2013). The literature states that invest-
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ments in eco-innovations at the start carry high costs and payback periods can
be long (Ghisetti et al., 2016). Meta studies show positive correlations between
eco-innovations and economic, environmental and social performance, with the
highest correlation coefficient in the case of environmental performance (Hizar-
ci-Payne et al., 2020; Liao et al., 2021). In a meta study based on 33 studies in-
volving 7,300 companies, Liao et al. (2021) find a significant positive correlation
between eco-innovations and financial performance and state that studies on the
negative impact of eco-innovations on financial performance focus on the gener-
ation of additional costs for companies, but ignore the benefits that eco-innova-
tions can bring them. And the meta study of Hizarci-Payne et al. (2020) based on
70 studies involving more than 25,000 companies indicates that companies that
introduce eco-innovations can expect higher financial returns and other benefits,
which shows that eco-innovation practices lead to a win-win situation (fulfilled
economic, environmental and social goals).

IMPACT OF DIGITAL TRANSFORMATION ON ECO-INNOVATIONS

Digital transformation is a strategic initiative in an enterprise that can re-
shape the entire business model. Redefining the business model enabled by mod-
ern digital technologies should be seen as a continuous process that encompasses
all core aspects of business, including environmental sustainability. According to
Gomez-Trujillo & Gonzalez-Perez (2022) by adopting sustainability and digital
transformation, companies should increase their digital capabilities and balance
economic, environmental and social impacts. Digital capabilities are among the
key ones for companies to gain competitive advantage through digital transfor-
mation, as well as the main source of sustainable competitiveness (Annarelli, et
al., 2021). As eco-innovations are of great importance for improving economic,
environmental and social performance, and contribute to the goals of sustainable
development, it is important to look at the impact of digital transformation on
different types of eco-innovations (eco-innovations of products, processes and
organization).

Product eco-innovations. Using big data technologies, organizations can
collect, analyze, visualize and interpret large amounts of data from external and
internal sources in real time, on the basis of which they come up with valuable
ideas for developing new products that are favorable for the environment and
customers, and generate revenue for companies. Digital platforms, cloud tech-
nologies, automation, machine learning, artificial intelligence, smart connected
devices and other technologies help optimize product development, shortening
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the life cycle, improving productivity and efficiency while maintaining high
functionality and quality requirements, optimizing the types and quantities of
materials that need to be processed. and reducing waste, energy requirements
and other environmental burdens. Digital design and simulation technologies,
including digital twins (He & Bai, 2021), can help designers and engineers cre-
ate, visualize, test, and modify environmentally friendly products in a digital
environment by reducing the need for physical prototypes and materials, saving
costs and time. Co-creation in a B2C and B2B contexts that is beneficial for
the development of eco-innovative products (Shi et al. 2020) can be support-
ed by many digital technologies, i.e. with the use of virtual reality technology
co-creators can engage in practices that enable visualization of their preferences,
comparing their expectations and integrating their views into the digital space
(Kostis & Ritala, 2020). With advanced technologies like IoT and artificial intel-
ligence, businesses can create products that enhance the user experience while
minimizing environmental impact, such as smart connected vehicles that collect
and analyze data to improve individual driving behavior, traffic route choices,
and traffic management which contributes to the reduction of emissions and en-
ergy consumption (Dekeyrel & Fessler, 2023).

Process eco-innovations. Companies in more mature stages of digital trans-
formation have a much greater potential for the realization of eco-innovations
compared to those that are just at the beginning - higher stages of maturity in-
dicate improved capabilities in managing a specific domain (Hortovanyi et al.,
2023). Organizations that adopt advanced digital technologies and practices
have unique opportunities to implement eco-innovations of processes that would
be impractical, expensive, unfeasible or unimaginable with traditional technolo-
gies. With digital technologies, various types of process-related data can be rap-
idly collected, stored and cleaned using a number of methods. For example, [oT
devices with sensors, actuators and other components connected to the network,
can monitor and control various aspects of the process and generate information
in real time (Soori et al., 2023). The information obtained can be analyzed in
various ways including machine learning algorithms and artificial intelligence
(Mourtzis, et al., 2021). Using data analytics, organizations can gain valuable
insights into the impact of their processes on the environment, resource con-
sumption, and waste generation, which helps develop environmentally friendly
processes. Digital transformation can improve efficiency and reduce material
and energy consumption by optimizing workflows and automating manual pro-
cesses. Robotization and intelligent systems improve efficiency, scalability, flex-
ibility and sustainability (Xu et al., 2023). Technologies used in production such
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as 3D printing save energy, minimize waste and reduce carbon dioxide emis-
sions leading to sustainable manufacturing processes (Mallikarjuna et al., 2020).

Organizational eco-innovations. The perspective of socio-technical systems
implies that changes in the technical system follow changes in the social system,
or vice versa, therefore it is necessary to pay attention to both systems in order to
function together and in an appropriate balance (Anzola-Roman, et. al., 2018).
In the context of eco-innovations, managers should also consider organizational
eco-innovations, not only technological ones, if they want to take advantage of
all the advantages of digital technologies. Research shows the existence of pos-
itive effects of organizational eco-innovations for generating process and prod-
uct eco-innovations (Medina et al., 2022), which is in line with research on or-
ganizational innovations in general (Anzola-Roman, et. al., 2018). According to
Cheng et al. (2014) organizational eco-innovations not only directly contribute
to environmental performance, but can be key to creating an organizational en-
vironment that encourages process eco-innovation and product eco-innovation.

Digital transformation leads to fundamental changes in the organization and
its impact on the organization is far greater compared to the previously conduct-
ed IT-enabled organizational transformation (Koukouvinou et al., 2023). Digital
technologies enable managers to quickly access a large amount of data generated
inside and outside the organization, their processing and analytics, which leads
to better decisions. Managers can more easily identify weaknesses and deficien-
cies in various organizational components related to the environment, which
affects their review and identification of opportunities for innovation. Digital
transformation makes many traditional tasks and positions unnecessary as they
are performed more efficiently by digital systems and devices, on the other hand
it creates the potential for new functions and tasks that are essential for success
(Kretschmer & Khashabi, 2022), including those related to the environment and
sustainability. Digital technologies open numerous opportunities for better com-
munication between dislocated organizational units and teams, which affects the
improvement of organizational performance in several dimensions, including
reducing the impact on the environment. Companies can use digital tools and
platforms to encourage knowledge exchange among employees; since this ex-
change generates knowledge and improves innovative performance (Liu, et al.,
2023), it contributes, among other things, to eco-innovative projects and initia-
tives. Digital technologies enable remote work (e.g. from home), according to
Loia & Adinolfi (2021) this is an eco-innovation that contributes to the environ-
ment by reducing energy consumption and carbon dioxide emissions. With digi-
tal technologies, organizations can implement strategies and practices to manage
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talent with environmental knowledge and skills (Ghobakhloo, et al., 2021). The
application of digital technologies in staff training, where different environments
and scenarios can be simulated (D1 Sabato & Savov, 2022), can help employees
develop environmental skills and behaviors, which positively affects the culture
of sustainability in an eco-innovation-friendly organization. (Galpin, 2015).

CONCLUSION

The rapid development of digital technologies has facilitated and acceler-
ated the birth of Industry 4.0, or the Fourth Industrial Revolution, which has
the potential to undo the damage that previous industrial revolutions have done
to the environment. In this context, one of the important issues is the impact
of digital transformation on eco-innovations. Digital transformation is a busi-
ness imperative for businesses to remain competitive and relevant in the rapidly
changing business landscape of the digital age. It requires the right strategy,
strong leadership and the development of resources and capabilities, in order to
transform business models and create new value for the organization, custom-
ers and other stakeholders. On the other hand, eco-innovations are one of the
leading driving forces of the sustainable development of companies and provide
important support for the sustainable development of the economy and society,
contributing to the achievement of economic, environmental and social goals.

Some research studies conducted in the last few years indicate that digital
transformation can promote eco-innovation (Li & Shen, 2021; Xue et al., 2022).
The theoretical discussion in this paper focuses on the impact of digital transfor-
mation on product eco-innovations, process eco-innovations and organizational
eco-innovations, from which it follows that the accumulation of digital technol-
ogies and the development of digital capabilities can induce eco-innovations of
all three types. This is consistent with earlier findings of research studies that
technological capabilities generally have a positive impact on eco-innovation
(Cai & Li, 2018). The optimistic view of the possibilities that digital transforma-
tion offers for eco-innovation is not without constraints. Digital transformation
and eco-innovations require investments and can compete for limited organi-
zational resources, therefore it is necessary to conduct research on the possible
negative effects of digital transformation on eco-innovations. Since the work is
of a theoretical nature, the next step would be to empirically test the impact of
digital transformation on eco-innovations of products, eco-innovations process-
es and organizational eco-innovation. Furthermore, the research can be extended
to other types of eco-innovations. In addition, the paper focuses on the enterprise
level and future research may cover the value chain or the business eco-system.
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Abstract

The industrial zone of Incel in Banja Luka has been facing severe pollution
issues, primarily due to the presence of polychlorinated biphenyls (PCBs) and
other harmful contaminants. The contamination is believed to have stemmed
from industrial activities, with the release of waste materials and improper dis-
posal practices being the main culprits. PCBs are a class of synthetic organic
chemicals that were widely used in various industrial processes such as electrical
equipment, plastics, and rubber products. However, their use has been banned
due to their potential to cause serious health and environmental problems. The
contamination of the Incel industrial zone poses a significant threat to the envi-
ronment and public health. Exposure to PCBs can lead to various health prob-
lems, including skin rashes, liver damage, and reproductive disorders. In addi-
tion, the toxic chemicals can accumulate in the food chain, leading to long-term
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ecological damage. To address the pollution issue, there needs to be a concerted
effort by the authorities and industries operating in the Incel zone. Measures
such as stricter regulations, better waste management practices, and increased
environmental monitoring can help reduce the release of contaminants and pre-
vent further contamination of the area. Overall, the pollution problem in the
Incel industrial zone highlights the importance of sustainable industrial practices
and responsible waste management to protect both the environment and human
health.

Key words: PCB, Incel, Banja Luka, pollution

INTRODUCTION

Polychlorinated biphenyls (PCBs) are a group of synthetic organic chem-
icals that were widely used in the past as coolants, lubricants, and insulating
materials in electrical equipment. PCBs are highly toxic, persistent, and bioac-
cumulative, meaning that they can remain in the environment for a long time and
accumulate in the food chain. Exposure to PCBs can have severe adverse effects
on human health and the environment (Gasic et al., 2010; Ili¢ et al., 2020; Ili¢ et
al., 2021c).

The pollution issue in the Incel industrial zone in Banja Luka (Republic
of Srpska, Bosnia and Herzegovina) is a significant environmental and public
health concern (Ili¢ et al., 2020; Stojanovi¢ Bjeli¢ et al., 2022). Incel location
(former cellulose factory, now industrial complex) 3 km from the center of Banja
Luka — the second-largest city in Bosnia and Herzegovina (Ili¢ et al., 2020). Re-
sults indicate that the soils in the location Incel suffer different levels and other
of dangerous and harmful substances and that: polycyclic aromatic hydrocarbon
(PAH), Total petroleum hydrocarbons (TPH) and heavy metals. Soil was highly
polluted (Ili¢ et al., 2020; Ili¢ et al., 2021a; Ili¢ et al., 2021b; Ili¢ et al., 2021c;
Ili¢ et al., 2021d). The contamination of the area with PCBs and other harmful
contaminants has led to the degradation of the soil, water, and air, posing a se-
vere risk to human health and the environment. PCBs, in particular, are a class
of synthetic organic chemicals that are known to cause serious health problems,
including skin rashes, liver damage, and reproductive disorders. The sources
of pollution in the Incel industrial zone are multifaceted and include industrial
activities such as the release of waste materials, improper disposal practices, and
lack of proper pollution control measures. Additionally, the industrial zone is
located near a residential area, further increasing the risk of exposure to harmful
pollutants for local communities (Lammel et al., 2010a; Lammel et al., 2010b;
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Lammel et al., 2011; Gasi¢ et al., 2010; Ili¢ et al., 2020; Ili¢ et al., 2021a; Ili¢ et
al., 2021b; Ili¢ et al., 2021c; I1i¢ et al., 2021d).

The Stockholm Convention on Persistent Organic Pollutants (POPs) is an
international treaty that aims to protect human health and the environment from
highly toxic and persistent chemicals such as PCBs (Fiedler et al., 2019; Ili¢ and
Maksimovi¢, 2021). The problem of soil contamination with PCBs is directly
related to the Stockholm Convention, as soil is a major sink for POPs. Con-
taminated soil can pose a risk to human health and the environment, as PCBs
can enter the food chain and persist for a long time. The Convention provides a
framework for addressing the problem of soil contamination with POPs, includ-
ing PCBs, through measures such as risk assessments, soil remediation, and pol-
lution prevention. By implementing the provisions of the Convention, countries
can reduce the risks posed by soil contamination with PCBs and other POPs and
protect human health and the environment (Lallas, 2001; Porta & Zumeta, 2002;
Fiedler et al., 2019; Ili¢ and Maksimovi¢, 2021).

When PCBs are released into the environment, they can enter the soil, wa-
ter, and air, where they can persist for decades (Ododo et al., 2019; Hashmi et
al., 2021). The main route of exposure for humans is through the ingestion of
contaminated food, such as fish, meat, and dairy products, as PCBs accumulate
in the fatty tissues of animals. In addition, PCBs can also enter the body through
inhalation and skin contact with contaminated soil and dust. Exposure to PCBs
can have several adverse effects on human health, including skin rashes, liver
damage, and reproductive disorders. PCBs have been classified as probable hu-
man carcinogens by the International Agency for Research on Cancer (IARC),
meaning that they can increase the risk of cancer. PCBs can also affect the im-
mune system, leading to increased susceptibility to infections (Dorea, 2006;
Srogi, 2008; EFSA et al., 2018). In addition to human health risks, PCBs also
pose a threat to the environment. PCBs can accumulate in soil and sediments,
where they can affect the growth and development of plants and microorgan-
isms. PCBs can also bioaccumulate in aquatic organisms, such as fish, leading
to ecological imbalances and disruptions in food webs (Gasi¢ et al., 2010; Ili¢ et
al., 2020; Ili¢ et al., 2021¢).

MATERIAL AND METHODS

The materials used in this study included data and information obtained
from sources such as academic journals, research reports, and online databases.
We collected relevant data on the topic of interest to create a comprehensive
overview of the subject matter.
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The studies included in this review were selected based on the following
criteria: (1) studies that reported the concentrations of PCBs and other pollutants
in soil and other medium samples collected from industrial zone Incel; (2) stud-
ies that described the characteristics of PCBs; and (3) studies that reported the
geographical location of the industrial zone.

RESULTS AND DISCUSSION

The presence of PCBs in soil in location Incel is a significant environmental
and public health concern. Exposure to PCBs can have severe adverse effects on
human health, and they can persist in the environment for a long time, posing a
risk to the ecosystem (Dorea, 2006; Srogi, 2008; Gasi¢ et al., 2010; EFSA et al.,
2018; Ili¢ et al., 2020; Ili¢ et al., 2021c¢). Therefore, it is crucial to take measures
to reduce the exposure to PCBs and prevent their release into the environment.
Industrial sites that were in use prior to the introduction of regulations on the
use and disposal of hazardous chemicals often pose a significant risk of soil con-
tamination with PCBs and other pollutants. Old industrial sites, such as Incel,
contaminated with heavy metals, PAHs and other hazardous materials can pose
potential risks to human health and the environment. Heavy metals such as lead,
cadmium, and mercury can accumulate in soil, water, and biota, leading to toxic
effects on the ecosystem and human health (Ili¢ et al., 2020; Ili¢ et al., 2021a;
I1i¢ et al., 2021b; Ili¢ et al., 2021c; 1li¢ et al., 2021d). PCBs were widely used in
electrical equipment, such as transformers and capacitors, and in other industrial
applications, until their production was banned in many countries in the 1970s
and 1980s (Gasi¢ et al., 2010; I1i¢ et al., 2020; Ili¢ et al., 2021c). The problem of
soil contamination with PCBs and other pollutants is particularly acute in older
industrial sites that have been abandoned or repurposed without proper clean-
up. These sites can release toxic substances into the surrounding environment,
including soil and groundwater, which can pose serious risks to human health
and the environment. Industrial development in Bosnia and Herzegovina has led
to the contamination of many sites with hazardous pollutants, including PCBs.
PCBs were widely used in various industrial applications in Bosnia and Herze-
govina (Ili¢ et al., 2020; Ili¢ et al., 2021c). Contaminated industrial sites in Bos-
nia and Herzegovina pose a significant risk to public health and the environment
(Dorea, 2006; Srogi, 2008; EFSA et al., 2018). Location of the Incel industrial
zone in Banja Luka has had a significant impact on the population and the envi-
ronment of the city. The pollution caused by the release of hazardous substances
into the soil and groundwater has raised concerns about the health effects on
nearby residents, as well as the long-term environmental impact on the local
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ecosystem. Efforts to address the issue are underway, but much work remains
to be done to ensure the safety of the local population and the health of the en-
vironment.

Previous studies indicate that the level of PCBs on several sampling sites in
industrial zone Incel in Banja Luka was as high as 400,000 ng/g (400 mg/kg) of
the dry soil sample, which are two orders of magnitude higher than on any other
investigated site performed by in the first investigations at the site (Apopsbal
2019). The additional pollution surveys (soil, air etc.) at the site were conduct-
ed in 2008 (Lammel et al., 2010a; Lammel et al., 2010b; Lammel et al., 2011;
Gasic¢ et al., 2010). Intensive soil testing for the presence of PCBs, PAHs, heavy
metals and other pollutants continued in 2019 (Ili¢ et al., 2020; Ili¢ et al., 2021a;
Ili¢ et al., 2021b; Ili¢ et al., 2021c¢; Ili¢ et al., 2021d). Total PCBs concentrations
(3 PCB congeners: PCB28, PCB52, PCB101, PCB118, PCB138, PCB153 and
PCB180) varied in range from 0.26 to 6,722 mg/kg in soil, with a median of
31.80 mg/kg (Table 1) (Ili¢ et al., 2021c). According to the national standards,
all the concentrations of ) PCB congeners found in this study were significantly
higher than the permissible value of 0.02 mg/kg (Rulebook, 2021).

Table 1. Statistical summary of total PCBs and PCBs congeners (PCB2S8,
PCB52, PCB101, PCB118, PCB138, PCB153 and PCB180)

PCB total | PCB28 | PCB52 | PCB101 | PCBI118 PCB138 PCB153 PCB180
Valid 37 37 37 37 37 37 37 37
Mean 495.4 13.59 | 9.005 | 33.87 57.34 97.31 148.4 135.8
Median 31.80 0.65 1.52 1.47 1.67 2.77 3.25 2.44
Std. 1,238 31.12 | 14.83 | 83.92 140.5 236.1 375.4 420.8
Deviation
Coefficient | 249.95 | 228.91 | 164.70 | 247.74 | 245.09 242.63 252.91 309.78
of
Variation
Variance | 1.533e+6 | 968.4 | 220.0 | 7,042 | 1.975e+4 | 5.575e+4 | 1.409¢e+5 | 1.771e+5
Skewness 3.952 2945 | 2.193 | 3.677 3.455 3.371 3.554 4.632
Kurtosis 18.14 8.453 | 4.833 | 15.08 13.29 12.87 14.44 23.82
Range 6,722 139.8 | 61.64 | 434.7 709.3 1,190 1,933 2,385
Minimum 0.26 0.01 0.01 0.01 0.02 0.04 0.03 0.01
Maximum 6722 139.8 | 61.65 | 434.7 709.3 1,190 1,933 2,385
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The government of Republic of Srpska (entity in Bosnia and Herzegovina)
and City of Banja has recognized the need to address the problem of contaminat-
ed industrial sites and has taken some steps to address the issue. However, much
more needs to be done to adequately address the risks posed by these sites to
public health and the environment. International organizations, such as the Unit-
ed Nations Development Programme (UNDP), have also provided support for
cleanup efforts in Bosnia and Herzegovina. It is made Project of remediation and
recultivation for Incel zone (Project, 2021). The project envisages short-term
measures. Short-term preventive measures are designed to immediately prevent
contact of local employees, visitors and trespassers moving at the contaminated
sites (hotspots) with contaminated soil and/or construction materials.

The pollution issue in the Incel industrial zone in Banja Luka is a com-
plex problem that requires a multifaceted approach. Addressing the problem will
require a concerted effort from all stakeholders, including the government, in-
dustry, and local communities. Implementing effective regulations, promoting
sustainable industrial practices, and adopting better waste management practices
will be critical in ensuring the long-term health and well-being of local commu-
nities and the environment (Ili¢ et al., 2020; Project, 2021).

To reduce soil pollution with PCBs)at the industrial zone several general
measures can be recommended:

- Soil Remediation: One of the most effective ways to reduce soil contamina-
tion is through soil remediation, which involves removing the contaminated
soil and replacing it with clean soil.

- Phytoremediation: Phytoremediation is a process that uses plants to remove
pollutants from the soil. This method can be a cost-effective and sustainable
way to reduce soil contamination.

- Containment: Another option is to contain the contaminated soil by using
barriers, liners, or capping the soil with a layer of clean soil or impermeable
material.

- Land Use Restrictions: The government can implement land use restric-
tions, which can limit access to contaminated areas and reduce the risk of
exposure to harmful pollutants.

- Improved Waste Management: To prevent future contamination, improved
waste management practices can be implemented, such as proper storage,
transportation, and disposal of hazardous waste.
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The best option would be Soil remediation, i.e. excavation of contaminated
soil and construction materials and thermal treatment in incineration plant or
thermal desorption plant abroad and replacing it with clean soil. This process can
be expensive, but it is an effective way to reduce the risk of exposure to harmful
pollutants.

CONCLUSIONS

The industrial zone of Incel, located in Banja Luka, Bosnia and Herzego-
vina, has been identified as a site of significant contamination due to the pres-
ence of PCBs and other hazardous substances in the soil. PCBs are known to be
persistent organic pollutants that do not break down easily in the environment
and can accumulate in the food chain, posing a risk to human health and the
ecosystem. They are classified as a probable human carcinogen and have been
associated with a range of adverse health effects, including developmental and
reproductive disorders, immune system dysfunction, and neurological damage.

The contamination in the Incel industrial zone has been identified as a sig-
nificant risk to human health and the environment, particularly due to the po-
tential for PCBs and other hazardous substances to migrate from the soil into
groundwater and surface water. The site is also a potential source of air pollu-
tion, as PCBs can volatilize and become airborne, posing a risk to the respiratory
health of nearby communities. Efforts to address the contamination in the Incel
industrial zone have been ongoing for several years, with measures including
soil remediation, groundwater monitoring, and the removal of contaminated ma-
terials from the site. However, progress has been slow due to the complexity of
the contamination and the high cost of remediation efforts. The contamination
has also led to legal disputes between the authorities and the companies respon-
sible for the pollution, which has further delayed progress.

The pollution issue in the Incel industrial zone has prompted concerns from
various stakeholders, including local residents, environmental groups, and the
authorities. There have been calls for stricter regulations to prevent the release
of harmful contaminants, better waste management practices, and increased en-
vironmental monitoring to prevent further contamination of the area.

In response, the authorities have implemented various measures aimed at
reducing pollution levels in the industrial zone. These include tighter controls on
industrial activities and improved waste management practices. However, there
is still much work to be done to address the pollution problem comprehensively.
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The contamination of the Incel industrial zone is a stark reminder of the
importance of sustainable industrial practices and responsible waste manage-
ment. It highlights the need for industries to take a more proactive approach
to environmental protection and to prioritize the health and well-being of local
communities. Moreover, it underscores the importance of effective environmen-
tal regulations and enforcement mechanisms to ensure that industries operate in
a way that is safe and sustainable for both people and the planet.

Overall, the contamination in the Incel industrial zone is a significant envi-
ronmental and public health issue that requires urgent attention and long-term
solutions to prevent further harm to the ecosystem and human health. The reme-
diation of the site will require a multi-stakeholder approach involving govern-
ment agencies, industry, and local communities to ensure effective and sustaina-
ble solutions are implemented.
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ABSTRACT

The global COVID-19 pandemic has triggered profound shifts in urban
dynamics, requiring a reevaluation of urban spaces and their architectural ele-
ments. The research paper investigates the role of architectural elements in urban
transformations and migrations processes after the COVID-19 epidemic.

The study recognized that the pandemic accelerated the embrace of remote
work and digital communication technologies, influencing individuals’ prefer-
ences for living environments. Urban planners and architects are confronted with
the task of redefining public and private spaces to accommodate new patterns of
work, leisure, and social interaction. The paper explores how architectural el-
ements, such as flexible building designs, adaptable public spaces, sustainable
infrastructure, and smart technologies, are responding to evolving necessities.

The research investigates the role of architectural innovation influence on
the urban migration patterns. As individuals and families seek environments
that offer enhanced safety, connectivity, and quality of life, cities are witnessing
shifts in population distribution. The paper analyzes how architectural elements,
including mixed-use developments, green and eco spaces, pedestrian-friendly
designs, and resilient infrastructure, contribute to attracting and retaining resi-
dents.

The research data from surveys provides direct insights into public per-
ceptions and necessities concerning architectural adaptations and innovations.
By responding to the evolving needs of post-pandemic societies, architects and
urban planners need to contribute to the creation of sustainable, environmentally
friendly, inclusive, and vibrant cities.

Key words: COVID, urban transformation, migration processes, new paradigm.
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INTRODUCTION

The aftermath of global pandemic has changed the urban and socio-eco-
nomic way of human existence in societies. The COVID-19, the virus of still
unknown and undefined geometric structure and source, has irrevocably chal-
lenged urban living on a global scale. The urban spaces have obtained vital
role in societies renewal and regeneration (Jefferies, Cheng and Coucill, 2021;
Abusaada and Elshater, 2022). The pandemic heavily impacted work dynamics,
social interactions, and lifestyle preferences, and required architects and urban
planners to reconsider the role of architectural elements in shaping the cities of
the future (Garde, 2020; Alraouf, 2021; Jasinski, 2022). The research explores
the intricate relationship between architectural elements, urban transformations,
and migrations in the post-COVID era.

The pandemic served as a catalyst for changes that were already underway in
urban design and planning (Simon, 2023). The unexpected shift to remote work,
digital connectivity, and a sensitive awareness of public health has reflected a
comprehensive examination of how cities function. The relationship with urban
environment has evolved, a growing emphasis on spaces that accommodate both
the need for social interaction and the imperative of personal safety (Graziano,
2021; Abdelkader, Khalifa and Elshater, 2023). The shift implicate that architec-
tural design and urban planning must now strive and aspire to a gentle balance
between the physical and the virtual, the communal and the individual.

Certain architectural elements have emerged as fundamental factors defin-
ing the direction of urban development, from flexible building designs that can
swiftly adapt to changing demands, to public spaces that prioritize both recre-
ation and public health (Rojas-Rueda and Morales-Zamora, 2021; Fricke and
Brill, 2022). Furthermore, the interplay between architectural elements and ur-
ban migration patterns has gained importance, as individuals and families seek
out environments that align with their evolving values and priorities.

Comprehensive approach to the subject demands a multi/intradisciplinary
approach, soliciting insights from urban planning, architecture, social, economic
and migration studies. Through a synthesis of existing literature and empirical
case studies, the research sheds light on the dynamic relationship between archi-
tectural elements, urban adaptations, and migration trends.
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MATERIALS AND METHODS

The research engages a combination of qualitative and quantitative research
methods to reconsider the role of architectural elements in shaping urban trans-
formations and migrations in the post-COVID era. Quantitative data was col-
lected through surveys distributed to online freelancers’ communities, as this
group of people is always in the roaming processes searching for the better con-
ditions. Survey was designed to capture freelancers’ perceptions, preferenc-
es, and behaviors related to architectural elements and urban changes in
post-COVID period. The surveys sought to gather insights into how archi-
tectural adaptations influenced freelancers’ decisions to migrate, stay, or al-
ter their living arrangements. The research was based on the interdisciplinary
framework including the theories and concepts in urban planning, architecture,
sociology, economic and migration studies. The interdisciplinary framework al-
lows a holistic approach on the complex interactions between architectural de-
sign, urban dynamics, and societal shifts.

RESULTS AND DISCUSSION

The survey was focused on 3 essential components for the research: Ar-
chitectural, Urban and Socio-economic elements. The findings of the research
underline the pivotal role that architectural elements play in shaping urban trans-
formations and migrations in the aftermath of the COVID-19 pandemic. The
pandemic served as a catalyzing event that accelerated trends already underway
in urban planning and architecture, propelling cities toward innovative solutions
that prioritize adaptability, resilience, and the evolving needs of the inhabitants.
Several crucial topics have emerged among which are: Architectural Flexibility
and Adaptability, Public Spaces as Catalysts for Social Interaction, Sustainable
and Resilient Infrastructure, Smart Technologies and Digital Integration, Impact
on Migration Patterns, Policy Implications and Collaborative Efforts.

Architectural Flexibility and Adaptability is demanded by the shift towards
remote work and virtual communication requiring the reevaluation of traditional
office spaces and residential layouts. The adaptability of architectural elements
was found to temporary bridge a transition between work, leisure, and public
health considerations, enabling cities to remain functional and attractive in the
face of uncertainty. Flexible building design, such as modular layouts and con-
vertible spaces allows architects to provide for the fluctuating demands of resi-
dents, encouraging the environment beneficial approach.
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Public Spaces as Catalysts for Social Interaction were for a while under-
estimated, and in the wake of the pandemic it has been reinstituted as a balanc-
ing element. The imperative of physical distancing with the human need for
social interaction played the vital role. Adaptive public spaces that incorporated
green areas, pedestrian-friendly designs, and digital connectivity developed as
essential components of post-pandemic urban environments. These spaces not
only facilitated safe social interactions but also contributed to improved mental
well-being and a sense of community cohesion. Communities that embraced
these design principles reported increased resident satisfaction and a stronger
sense of belonging.

The pandemic has shown that the cities are prone to elemental disasters and
other problematic situations, which requires the development of Sustainable and
Resilient Infrastructure. Architectural elements prioritizing the sustainability
and resilience, such as efficient waste management, renewable energy integra-
tion, and disaster-resistant structures, now play important role. The architectural
elements not only addressed immediate health concerns but also positioned cit-
ies to mitigate and adapt to future challenges.

The digital and virtual transformation accelerated by the pandemic permeat-
ed urban design, leading to the integration of smart technologies. From contact-
less interfaces to data-driven urban management, technology-driven architectur-
al elements emerged as powerful tools for enhancing urban efficiency, safety, and
convenience. Considerations regarding data privacy and approachable access to
these technologies remain critical in ensuring inclusive urban development.

The evolving preferences and priorities of individuals and their families
played a significant role in shaping migration patterns in post-COVID era. Cities
embracing the architectural elements supporting hybrid work models, outdoor
recreation, and enhanced quality of life witnessed an influx of residents seeking
environments that aligned with their shifting lifestyles. The migration, in turn,
stimulated a reimagining of urban demographics and social dynamics.

The research emphasizes the need for urban policies that encourage and
support architectural innovation. Governments and local authorities play a criti-
cal role in creating and enabling environment for architects, urban planners, and
developers to implement forward-thinking design solutions. Policy frameworks
that promote sustainable infrastructure, mixed land use, and participatory urban
planning can enhance the effectiveness of architectural interventions.
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Architectural elements

The research results determined that several architectural elements have sig-

nificantly impacted urban transformations and migrations after the COVID-19
pandemic. The architectural elements play a fundamental role in reshaping cities
to accommodate new lifestyle preferences, work dynamics, and health consider-
ations. The survey results prioritize following elements:

Flexible Building Designs: Architecture that allows for adaptability and
multi-functionality has become crucial. Spaces that can easily transform
from offices to living areas, or from public venues to medical facilities, have
addressed the need for versatility in post-pandemic urban environments.

Adaptable Public Spaces and Green Infrastructure: Urban planners and
architects are rethinking public spaces to accommodate safe interactions.
Parks, plazas, and pedestrian zones have been redesigned to ensure phys-
ical distancing while still promoting social cohesion. The use of movable
furniture and modular designs allows these spaces to cater to different types
of activities while maintaining safety. The pandemic highlighted the impor-
tance of outdoor spaces for physical and mental well-being. Incorporating
green spaces, rooftop gardens, and outdoor recreational areas into urban de-
signs has become a priority. These elements provide residents with spaces
for exercise, relaxation, and socializing while maintaining a safe distance
from others.

Digital Integration Virtual, Smart and Contactless Technologies: Ar-
chitecture incorporating smart technologies, touchless interfaces, and au-
tomation has reduced the need for physical contact. From touchless entry
systems to voice-activated controls, these innovations enhance safety and
convenience.

Sustainable Infrastructure: Urban designs incorporating sustainable fea-
tures such as green roofs, rainwater harvesting, and renewable energy sourc-
es align with the growing focus on environmental consciousness. These
features contribute to long-term resilience and reduced ecological impact.

Remote Work Spaces: As remote work becomes a lasting trend, home of-
fice spaces and communal work areas within residential complexes have
become integral architectural components.

Pedestrianization and Cyclability: Urban redesigns that prioritize pedes-
trians and cyclists over vehicular traffic promote healthier modes of trans-
portation. Walkable cities have gained prominence as people seek alterna-
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tives to crowded public transportation. Pedestrian-friendly designs, wider
sidewalks, and enhanced pedestrian zones have been introduced to encour-
age walking and cycling, reducing reliance on shared transportation.

Digital Infrastructure: The integration of high-speed internet and digi-
tal connectivity into urban design supports remote work, virtual education,
telemedicine, and online commerce.

Adaptive Reuse of Spaces: The repurposing of underutilized spaces such
as vacant commercial buildings into housing or community centers show-
cases architectural adaptability while addressing changing needs.

Cultural and Artistic Expression: Architectural elements that incorporate
public art, cultural centers, and creative spaces contribute to community
engagement and a sense of identity, drawing residents to urban areas.

Resilient Infrastructure: The pandemic underscored the importance of
resilient infrastructure to withstand shocks. Buildings and urban systems
are being designed to be adaptable to future disruptions, whether they are
health-related, environmental, or technological. The resilience also includes
very complex contamination - mitigation processes.

The presented architectural elements are highlighted as essential in reshap-

ing urban landscapes, influencing migration patterns, and support the evolving
preferences and demands of residents in the post-COVID era. As cities continue
to adapt to the new normal, the integration of these elements remains fundamen-
tal in creating vibrant, resilient, and people-centric urban environments.

Urban elements

The survey results distinct the most prominent urban elements that consti-

tute and define transformations and migrations processes after the pandemic.
The post pandemic period has shown that the most resilient cities are urban en-
vironments and agglomerations with the distinguished elements:

Accessibility and Connectivity: Cities with well-connected transportation
networks, including efficient public transit and digital infrastructure, have
been attractive to individuals seeking a balance between remote work and
in-person interactions.

Housing Affordability: The cost of living, including housing prices and
rental rates, has influenced migration patterns. Individuals and families may
relocate to areas with more affordable housing options, especially because
remote work allows for greater flexibility in choosing living locations.
Quality of Housing: The quality and suitability of housing units have be-
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come paramount as remote work blurs the lines between living and working
spaces. Urban transformations have focused on creating comfortable, func-
tional, and adaptable living environments.

Green Spaces: Cities with accessible parks, green belts, and recreational
areas have seen increased interest as people prioritize outdoor spaces for
physical and mental well-being.

Healthcare Infrastructure: Access to quality healthcare facilities has be-
come a crucial factor in migration decisions, as individuals seek locations
with prominent healthcare systems.

Digital Connectivity: The availability of high-speed internet and digital
infrastructure has influenced individuals’ decisions to migrate to areas con-
ducive to remote work and online learning.

Cultural Amenities: Cities offering diverse cultural amenities such as mu-
seums, theaters, and entertainment options have retained their appeal, de-
spite the challenges posed by the pandemic.

Socio-Economic Elements

The pandemic has influenced how people view their living environments,

work opportunities, and overall well-being, leading to shifts in urban dynamics.
The survey results indicate social and economic elements that have driven the
changes:

Remote Work Opportunities: The ability to work remotely has given in-
dividuals and families the freedom to choose their living locations based on
personal preferences rather than proximity to workplaces.

Work-Life Balance: Cities that offer a balance between work opportuni-
ties and quality of life, including access to outdoor spaces and recreational
activities, have attracted individuals seeking enhanced work-life balance.

Economic Opportunities: Urban centers with diverse job markets and in-
dustries have remained attractive to migrants seeking economic stability
and growth.

Health and Safety: Migration patterns have been influenced by percep-
tions of health and safety. Cities with effective pandemic responses and
healthcare systems have been favored.

Cultural Diversity: Urban areas known for their cultural diversity and in-
clusivity have attracted individuals and families seeking vibrant social en-
vironments.
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- Social Services: Access to social services, including childcare, eldercare,
and support for vulnerable populations, has influenced migration decisions.

- Entrepreneurial Ecosystem: Cities with thriving entrepreneurial ecosys-
tems have attracted individuals and businesses looking to innovate and
adapt to changing economic conditions.

- Community and Social Networks: The presence of strong social networks
and communities has influenced migration decisions, as individuals seek
connections and a sense of belonging.

A complex interaction of urban and socio-economic elements has driven
urban transformation and migration patterns in the post-COVID era. The pan-
demic has prompted individuals and families to reconsider their priorities, lead-
ing to shifts in how urban spaces are used and valued. As cities continue to adapt
and evolve, these elements will continue to shape the future of urban living and
migration trends.

CONCLUSION

The post-COVID era has propelled cities into a transformative phase, where
architectural elements have emerged as powerful agents in shaping urban land-
scapes, behaviors, and migration patterns. The research clarifies the intricate re-
lationship between architecture, urban transformations, and migrations, provid-
ing insights into the ways in which cities are adapting to the evolving needs of a
changed world.

The pandemic incited a reevaluation of urban design paradigms, challenging
architects and urban planners to envision spaces that accommodate the diverse
facets of modern life. The integration of architectural flexibility and adaptabil-
ity has proven fundamental in creating environments that seamlessly transition
between work, recreation, and community engagement. The flexibility of spaces
not only supports the remote work revolution but also nurtures a sense of be-
longing and connection within communities. The public spaces are required to
bridge the divide between physical distancing and human interaction. The infu-
sion of green spaces, walkable designs, and digital connectivity into urban fabric
demonstrates an astute understanding of the importance of communal spaces in
promotion of well-being and collective identity.

The architectural elements embracing the sustainability and resilience has
laid the foundation for cities to withstand and recover from future shocks. This
commitment to eco-friendly infrastructure and disaster preparedness speaks to
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a forward-thinking approach that recognizes the symbiotic relationship between
urban environments and their inhabitants.

Technology’s essential role in the post-pandemic urban narrative is evident
in the seamless integration of smart elements. The infusion of data-driven de-
cision-making and innovative technologies has redefined urban management,
enhancing efficiency, safety, and convenience.

The migration patterns that have emerged post-COVID are illustrative for
people seeking environments that align with their evolving values and aspira-
tions. As architectural elements guide these migrations, they play a central role
in reshaping demographics and social dynamics. The phenomenon emphasizes
the critical role of design in determining the purposes of cities and the commu-
nities.

The need for collaboration and inclusive approaches in shaping urban fu-
tures, demands that the architects, urban planners, policymakers, and citizens
must associate in constructing resilient, sustainable, and livable cities. The les-
sons learned from the pandemic and the historical moment is depicted in the ca-
pacity of architectural innovation to not only respond to crises but also to initiate
positive change that transcends immediate challenges.

Clarifying how architectural innovation can meet the evolving needs of so-
cieties navigating the complexities of a post-pandemic world, the study con-
tributes to the ongoing discourse on resilient and sustainable urban futures. The
paper offers a comprehensive understanding of how cities are redefining them-
selves in response to the challenges and opportunities posed by the COVID-19
pandemic, and provide resilience to future crises elevating the overall quality of
urban life.
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ABSTRACT

This paper presents distribution and seasonal variations of tritium, radioactive
isotope of hydrogen, in Sava River in Belgrade. Tritium besides its natural origin
also has an artificial origin, through human activity including the operation of
nuclear power plants, nuclear weapons manufacturing and atomic bomb tests.
Knowing the concentration of tritium in the Sava River in Belgrade is important
because it is located downstream from the Krsko Nuclear Power Plant in Slo-
venia. Analysis of trititum concentrations in surface water samples were done in
composite monthly samples during 2017-2022. Tritium activity was determined
by liquid scintillation spectrometer using electrolytic enrichment. Seasonal var-
iations were estimated by determination of average monthly concentrations and
seasonal indices.

Key words: tritium, surface water, seasonal indices

INTRODUCTION

Tritium is widely used in the field of hydrogeology for its tracing properties
which enable to estimate origin, residence time, dynamic, mixing, storage vol-
umes of groundwater and their zone of discharge in surface waters [1]. Various
studies were performed in order to investigate the radiological impact of tritium
releases from nuclear facilities on the environment referring to pre-testing base-
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line levels and also various studies presents long time investigations of tritium
concentrations at the downstream part of rivers [1]. It is useful to identify po-
tential sources of trittum other than nuclear facility discharges. It is known that
tritium baseline (HTO form) in rivers varies according to physical, climatic and
geographic parameters spreading from regional to global scales within the hy-
drosphere [1]. The water in a river is collected from two sources: recent precipi-
tation through surface runoff, channel precipitation or by rapid flow through the
shallow subsurface, and groundwater recharge [2]. Long-term monitoring stud-
ies for radioisotopes are essential for understanding hydrology of rivers and to
assess impacts on river discharge. Global Network of Isotopes in Rivers (GNIR)
managed by International Atomic Energy Agency (IAEA) has been available
since 2007. GNIR began as a pilot project in 2002—-2005 and focussed on the sta-
ble isotopes and tritium content of various world river catchments [2,3]. The aim
of the GNIR programme is to collect and disseminate time-series and collections
of riverine isotope data from the world’s rivers and to inform a range of scientific
disciplines including hydrology, meteorology and climatology, oceanography,
limnology, and aquatic ecology [3].

Nuclear power plant Kr§SkoNPP in Slovenia is located on the Sava River.
Sava River passes through Croatia and Serbia. Based to the fact that this river
is transboundary, it is necessary to assess the radiological safety of water. The
cities supplied with drinking water from water reservoirs which are close to the
river. The primary task is environmental protection and sustainable use of water
resources that requires continual environmental monitoring.

The aim of this work is to assess seasonal indices based on the obtained
trititum concentrations in Sava River in order to estimate if there is some impact
of the nuclear facility or, whether the origin of tritium is stratospheric.

Long-term isotope river data record climatic trendsand human impacts
within a watershed. Differences in the timing and mixing of winter and summer
precipitation runoff can be observed in the variation of the river isotopic values
over time [3]. Long-term isotopic time series providing scientific information
for researchers to gain insights to study hydrological processes and better focus
integrated water management strategies.

In the literature data, there are publications related to the topic of tritium
determination in Sava River: in Slovenia [4,5], Croatia [6,7], Serbia [6,8-10].
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MATERIAL AND METHODS

The surface water was sampled several times a month at Belgrade during
2017-2022. Analysis was performed in a composite monthly sample. For sample
preparation, validated method with electrolytic enrichment was used [11,12].
Measurements were done by liquid scintillation spectrometer Quantulus 1220.
For counting efficiency determination, reference standard tritium solution *H
9031-OL-548/13 Czech Metrology Institute Type: ER X with activity 5.060
MBq on day 1.10.2013. which has traceability to the BIPM, was used, according
to method ASTM D 4107-08 [13]. The counting efficiency was from 25.7 to 29.2
%. According to the quality control plan, the efficiency check of the detector is
done on a monthly basis, before measurement of samples. Together with the
samples, background sample was also measured (tritium free water), as well as
sample with known trittum concentration, for enrichment factor determination.
After electrolytic enrichment, samples were mixed with scintillation cocktails
ULTIMA GOLD LLT or OptiPhase Hisafe 3 in relation 8:12 in 20 ml polyethyl-
ene vial. Measurement time for samples and the background was 18000 s.

RESULTS AND DISCUSSION

Tritium activity concentrations obtained in surface water samples from
Sava River, in the investigated period 2017-2022 ranged from 0.51 Bg/l (Jan-
uary 2022) to 5.69 Bg/l (July 2018). Figure 1 presents average monthly con-
centrations for trittum in Sava River for period 2017-2022. The highest aver-
age monthly concentration was obtained for July, 2.52 Bq/l, the lowest average
monthly concentration was obtained for April, 1.33 Bq/l.

The seasonal variations of *H could be analyzed by seasonal indices. A
monthly seasonal index represents the ratio of the monthly mean value and the
overall average concentration for the examined period. The quarterly seasonal
index represents the ratio of the average monthly concentration for the respec-
tive season, i.e., December, January, and February for winter, March, April, and
May for spring, June, July, and August for summer, and September, October, and
November for autumn, and the total mean concentration values for the whole pe-
riod tested [14]. Table 1 presents the calculated values of monthly and quarterly
seasonal indices over the investigated period for *H. Monthly seasonal index and
quarterly seasonal index is the highest in summer indicating seasonal variations
of *H and stratospheric origin of this radionuclide [15].

83



The Third international conference on sustainable environment
and technologies “Create sustainable community”, Belgrade, 22-23 september 2023.

Month
Xl
Xl

0 0.5 1 1.5 2 2.5 3
*H(Ba/l)

Fig. 1. Average monthly concentrations of tritium in Sava River for period 2017-
2022

Table 1 Seasonal indices of *H in Sava River in Belgrade (2017-2022)

Monthly | XIT | I Im (1 | Iv | v | VI | VIl |VIII | IX | X | XI

0.961.05]0.78 {0.89(0.71 | 1.08 | 0.98|1.35| 1.04 |1.12| 1.01 | 0.98

Quarterly Winter Spring Summer Autumn

0.93 0.89 1.13 1.04

Tritium was emitted into the atmosphere also as a result of nuclear tests in
the 1960s, but its existence in the environment waters as a consequence of these
tests is decreasing. The isotopic content of the river water also depends on tem-
perature, elevation of the recharge area and amount of precipitation. In the north
hemisphere activity concentrations of cosmogenic tritium in precipitation follow
characteristic seasonal variations. The spring/summer maximum, referred to as
spring leak, is explained by the exchange of tropospheric and stratospheric air
masses occurring mainly during late winter and spring. At this time is the border
layer between the stratosphere and troposphere lowered due to the heating of
the continents and this decline is followed by a release of tritium from the strat-
osphere into the troposphere and thus increases the flux of tritiated water to the
ground by precipitation [16]. As can be seen at Figure 1, in investigated surface
water samples there is no *H pronounced maximum in spring as is the case with
precipitation. There is a pronounced maximum in summer.
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The KrSkoNPP does not release tritium into the Sava River continuously.
It operates in intermittently at certain times of the month [6]. Therefore, tritium
activities in the river water are monthly average values. The influence of NPP on
tritium concentration in Sava River in Croatia can be seen in references [6,17].
Reference 6 shows the analysis of cross-border flows through Croatia and Serbia
(Sremska Mitrovica). The results for tritium concentrations in Sava River in Slo-
venia can be seen in references [4,5], in Croatia [6,7,17]. In Serbia there are data
for the long time investigations of tritium distribution in Sava River in Belgrade:
for period 1976-1984 [8,9], 1985-2009 [10].

CONCLUSION

Distribution of tritium in Sava River in Belgrade was determined during the
period 2017-2022. If the entire examined period is observed, analysis showed
maximum average monthly concentration of tritium in summer. Based on the ob-
tained tritium concentrations, monthly and quarterly seasonal indices were cal-
culated. The highest values, monthly and quarterly, were obtained for summer.
Summer maximum can indicates seasonal variations of tritium. But pronounced
maximum in spring was not obtained as is the case with precipitation, when we
can claim that the origin of tritium is stratospheric. Constant monitoring of trit-
ium in river water is necessary due to the existence of a nuclear power plant in
Slovenia on the Sava River. All obtained values of tritium concentration in Sava
River in this study were far below the permissible values for tritium in drinking
water [18].

Acknowledgments: The research was done with financial support of the
Ministry of Science, Technological Development and Innovation of the Republic
of Serbia, within the funding of scientific research work at the University of
Belgrade, Vinca Institute of Nuclear Sciences (Contract No. 451-03-47/2023-
01/ 200017), (Institute of General and Physical Chemistry) (Contract No. 451-
03-47/2023-01/200051).

85



The Third international conference on sustainable environment
and technologies “Create sustainable community”, Belgrade, 22-23 september 2023.

REFERENCES

[1] Ducros, L., Eyrolle, F., Vedova, C.D., Charmasson, S., Leblanc, M., Mayer, A., Ba-
bic, M., Antonelli, C., Mourier, D., Giner, F. (2018). “Tritium in river waters from
French Mediterranean catchments: Background levels and variability” Science of
the Total Environment 612: 672-682.

[2] Ogrinc, N., Kanduc¢, T., Stichler, W., Vreca, P. (2008). ,,Spatial and seasonal variations
in 6'80 and 8D values in the River Sava in Slovenia“ Journal of Hydrology 359:
303-312.

[3] Halder, J., Terzer, S., Wassenaar, L.1., Araguas-Araguds, L.J., Aggarwal, P.K. (2015).
,»The Global Network of Isotopes in Rivers (GNIR): integration of water isotopes

in watershed observation and riverine research Hydrol. Earth Syst. Sci. 19: 3419-
3431.

[4] Ogrinc, N., Kandug¢, T., Vaupoti¢. J. (2006). Isotopic characteristics of the Sava river
basin in Slovenia. In: Povinec, P., Sanchez-Cabeza, J.A. (Eds.), Radionuclides
in the Environment: International Conference on Isotopes in Environmental
Studies: Aquatic Forum 2004: Radioactivity in the Environment, vol. 8. Elsevier,
Amsterdam, London, pp. 317-325.

[5] Vokal, B., Dujmovi¢, P., Mohar, T., Uchrin, G., Kobal, 1. (1999). ,,Ten years *H

survey at the KrSko Nuclear Power Plant™ J. Radioanal. Nucl. Chem. 241: 257-
263.

[6] Grahek, 7., Breznik, B., Stojkovi¢, 1., Coha, 1., Nikolov, J., Todorovi¢, N. (2016).
,Measurement of tritium in the Sava and Danube Rivers* Journal of Environmental
Radioactivity 162-163: 56-67.

[7] Horvatincié, N., Baresi¢, J., Sironié, A., Krajcar Broni¢, L., Obeli¢, B. (2011). Tritium
in precipitation, surface and groundwaters in the Zagreb area. In: I. Krajcar-Broni¢,

N. Kopjar, M. Mili¢, G. Branica (Eds.), The eighth symposium of the Croatian
radiation protection association,

Krk, Croatia, CRPA, 13-15 April, pp. 387-392.

[8] Hadzisehovi¢, M., Zupanéic’, M., Miljevié, N., Paligori¢, D. Komatina, M. (1990).
»Study of groundwaters using the environmental tritium and hydrochemical data
in Belgrade region*

Environ“ Geol. Water Sci. 15 (1): 13-29.

[9] Hadzisehovié, M., Zupanéic’, M., Vukanovi¢, R., BekUzarov, Dj., Stepi¢, R. (1986).
,Characteristics of environmental tritium distribution in the Belgrade region®
Journal of Radioanalytical Nuclear Chemistry 98 (2): 323-333.

[10] Jankovié, M.M., Jankovi¢, B.Z., Sarap N.B. (2018). A new method for the
determination of tritium originating in surface water: symmetrical index
application, CHAPTER 6 In: Tritium-Advances in Research and Applications, M.

86



The Third international conference on sustainable environment
and technologies “Create sustainable community”, Belgrade, 22-23 september 2023.

Jankovi¢ (Ed.), ISBN: 978-1-53613-507-7 (eBook), ISBN: 978-1-53613-506-0,
NOVA Science Publishers Inc. New York, pp. 213-250.

[11] Tecnical Procedure Note 19, Isotope Hydrology Lab., Procedure and Technique
Critique for Tritium Enricment by Electrolysis at the IAEA Laboratory, IAEA
1976.

[12] Jankovi¢, M.M., Todorovi¢, D.J., Keleman, Z., Miljevi¢, N.R. (2012). ,,The
measurement of tritium in water samples with electrolytic enrichment using liquid
scintillation counter* Nuclear Technology & Radiation Protection 27 (3): 239-246.

[13] ASTM D 4107-08 Standard Test Method for Tritium in Drinking Water

[14] Jankovi¢, M.M., Todorovi¢, D.J. (2012). ,,Examining the Relationships Between
the Activities of *H in Precipitation and '*’Cs in Ground- Level Air in Belgrade
City Area“ Water Air and Soil Pollution 223 (7): 4471-4483.

[15] Vreca, P, Krajcar Broni¢, I., Horvatin¢i¢, N., Baresi¢, J. (2006). ,,Isotopic
characteristics of precipitation in Slovenia and Croatia: Comparison of continental
and maritime stations* Journal of Hydrology 330: 457-469.

[16] Wallova, G., Meresova, J., Zvachova, S., Petranova, 1., Sykora, 1.(2020). ,,New
electrolytic enrichment system for tritium determination in water research institute
in Bratislava and its first results of tritium activity in precipitation Journal of
Environmental Radioactivity 216: 106177.

[17] Horvatin¢i¢, N., Bareso¢, J., Karman, K., Forizs, 1., Krajcar- Broni¢, I. (2011).
Study of the

bank filtered groundwater system of the Sava River in Zagreb (Croatia) using isotope
analyses. Cent. Eur. Geol. 54: 121-127.

[18] Rulebook on Limits of Radionuclides Contentin Drinking Water, Foodstuffs,
Feeding

Stufffs, Medicines, Product for General Use, Construction Materials and Other Goods
to be

placed on Market (Official Gazette RS 36/18).

87






The Third international conference on sustainable environment
and technologies “Create sustainable community”, Belgrade, 22-23 september 2023.

SELECTION OF SOIL REMEDIATION TECHNIQUE USING AHP
METHOD

Mimica MiloSevié¢ ', Dusan MiloSevi¢ 2, Ana Stanojevié 3
9 9

!Faculty of Informatics and Computer Science,
University “Union-Nikola Tesla”, Cara Dusana 62-64, Belgrade, Serbia

? Faculty of Electronic Engineering, University of Ni§, Aleksandra Medvedeva
14, NiS, Serbia

3 Faculty of Civil Engineering and Architecture, University of Ni$, Aleksandra
Medvedeva 14, NiS, Serbia

mmilosevic@unionnikolatesla.edu.rs

Abstract

Preserving and protecting the environment is crucial for urban ecological
sustainability and is essential in reshaping people’s surroundings. Contemporary
engineering practice is more intensively concerned with the issue of neglected
and inactive, previously built areas and the possibilities of their sustainable rede-
velopment. Given that abandoned areas were burdened by industrial and military
plants, removing the pollutants from the soil is necessary to create opportuni-
ties for reuse. Technological development has enabled the modern application
of various soil remediation techniques, classified into biological, physical, and
chemical methods. When choosing the most optimal plan for soil remediation,
decision-makers should consider the applied technique’s impact on the environ-
ment, the cost, the complexity of performing the method, the degree of efficiency
in removing pollution, and the time needed for soil decontamination. The paper
deals with applying multi-criteria analysis in selecting the technique for soil re-
mediation. The research aims to use the Analytical Hierarchy Process (AHP)
method to rank 18 types of biological, physical, and chemical remediation tech-
niques concerning various influencing factors (impact on the environment, cost,
complexity, degree of effectiveness, and time). The conducted results ultimately
aim to identify the most optimal soil remediation method in the context of eco-
logical sustainability.

Keywords: Soil Remediation, Remediation Technique, Brownfield Regeneration,
Analytic Hierarchy Process, Multi-Criteria Decision-Making
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INTRODUCTION

After facing the energy crisis, followed by climate changes, in recent dec-
ades, the world has been more intensively concerned with establishing a balance
between nature, man, and society, putting sustainability in the foreground as an
essential prerequisite for development and conservation. The concept of sustain-
able development is one of the critical principles in building design. Among oth-
er things, it actively advocates the orientation towards adaptation of abandoned
built-up areas while minimizing demolition and new construction procedures.
Given that preserving and protecting the environment is one of the primary com-
ponents of ecological sustainability, modern construction tends to suppress neg-
ative impacts on the already-built structure and natural environment (Kosori¢,
2012). Special attention is directed toward implementing the brownfield restora-
tion process, which creates opportunities to reuse these abandoned and devastat-
ed areas through regeneration.

Brownfield’s redevelopment creates a quality environment, increasing se-
curity and preserving the city’s identity. Although the driving force behind reno-
vations is primarily economic interest, they increasingly arise from demands for
environmental protection (Peri¢ & Maruna, 2012). Considering that brownfield
areas also include former industrial complexes, military zones, and landfills,
these locations are characterized by a certain degree of soil pollution resulting
from the previous way of use (MiloSevi¢ et al., 2018). Due to outdated production
technologies and the lousy handling of harmful substances, there is a high level
of soil contamination in former industries, with the most dangerous waste and
chemicals from the chemical and oil industry, metallurgy, and paint and varnish
industry. Research has shown that the content of heavy metals in the soil around
these plants is up to 10,000 times higher than natural (Markovi¢ et al., 1996).
At the locations of industrial brownfields, we come across old infrastructure in-
stallations, underground and above-ground tanks, fuel storage, and transformer
stations. Harmful substances are often present in the constructions themselves in
the form of asbestos and various coatings (Perovi¢ & Kurtovi¢, 2012).

Contaminated brownfield land requires the application of decontamination
methods or remediation technologies, which are used to remove pollutants that
negatively affect human health and degrade the environment. This way, the land
is freed from the burden and accessible for future investments and construction.
Today, geotechnics offers many remediation technologies divided into thermal,
physical-chemical, and biological methods according to their nature (Kisi¢,
2012). The selection of the appropriate way depends on a large number of in-
fluencing factors, primarily on the type of pollutant in the soil, and then on the
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efficiency of the applied method, the complexity of the implementation of the
procedure, the price, the available time for decontamination, and the impact that
the decontamination procedure itself has on the environment (MiloSevi¢ et al.,
2017).

In deciding which remediation technique is most convenient, a multi-criteria
approach can significantly help. The paper deals with selecting soil remediation
techniques for industrial brownfield sites using multi-criteria decision-making.
Given the impact on the environment, cost, complexity, degree of effectiveness,
and time, the research aims to rank 18 remediation techniques applying the Ana-
lytical Hierarchy Process (AHP) method to find the most optimal procedures for
soil remediation of former industrial sites.

TYPES OF SOIL REMEDIATION TECHNIQUES - THEORETICAL
OVERVIEW

Soil remediation is a set of different methods and techniques used to treat
polluted land to remove or reduce pollution to a level that will not threaten the
environment and people (Proki¢ et al., 2012). Identifying spilled pollutants
precedes the selection of the appropriate remediation method, that is, determin-
ing the degree of soil contamination and its impact on the environment. Appro-
priate chemical analyses of laboratory soil samples and physical measurements
determine soil contamination. The primary soil pollutants are heavy metals,
aromatic hydrocarbons, polycyclic aromatic hydrocarbons, and pesticides. Al-
though the choice of remediation technique is greatly influenced by the nature
and degree of pollution and the characteristics of the soil, it also depends on the
future way of using the ground, the spatial extent of the corruption, and the lim-
ited concentrations prescribed by legal regulations.

All soil remediation methods can be classified into two primary groups
based on criteria related to the place of their implementation (Beskoski et al.,
2012):

e In-situ methods - include technologies that remove pollutants from the soil
on the spot, without or with soil excavation;

e  Ex-situ methods - include technologies where the soil is excavated and
transported to the place intended to remove pollutants.

e According to their character, soil remediation methods are classified (Kisi¢,
2012):

e  Physico-chemical remediation methods - This group of methods is most
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often used. By applying the physical laws of nature (volatility, solubility),
chemical principles, and conversions, pollutants are removed from the soil
extremely fast. The price varies with the specific type of technology, and
many of them create by-products that harm the environment.

e  Thermal remediation methods - This group of methods is considered the
most effective due to the extended processing period. They use the principles
of thermals and heating, burning, and melting processes. On the other hand,
they are costly and pollute the environment with by-products that arise in
the thermal processes themselves.

e Biological remediation methods - They function according to the principle
of applying natural biological processes, most often using plants, oxygen,
and adding microorganisms. Remediation processes take a long time, but
the procedures are simple, cheap, and effectively remove pollution. An
essential feature is that by-products are not created by applying this type
of method, which does not further damage the quality of the environment.

Each of the groups of soil remediation methods includes several separate
technologies. A comparative view of selected types of remediation methods is
given in Table 1.

Table 1. Overview of the most used soil remediation methods (Singh et al., 2014;
Virkutyte et al., 2002; Dimovi¢, 2004)

Physico-chemical methods

©

chemical extraction - adding organic compounds to remove toxic
substances

chemical oxidation - adding oxidants to remove toxic substances

N

soil leaching - adding water to remove toxic substances

o

electrokinetic remediation - contamination is removed using electricity

N

0|0 |0 |T©O

solidification & stabilization - immobilize contamination by adding the
mineral/cement

O

steam extraction - using vacuum pressure to remove contamination

Thermal methods

T, | thermal desorption - a process of heat used to increase the instability of
pollutants

T, | thermal steam extraction - improved physical method of extraction by
vapor

T. | pyrolysis - using heat to break down complex compounds into simpler
one
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T, | incineration — using heat to destroy pollutants completely

T. | gas decontamination - injecting hot gas into the excavated soil

T_ | vitrification - heat used to melt pollutants

B Biological methods

B, |phytoremediation - using plants, fungi, and algae as agents for absorbing

-

pollution

B. | bioremediation - using microorganisms as agents for absorbing pollution

bio-ventilation - introduction of air into the soil to accelerate the
microorganisms

B, |bio-pile - mixing the excavated soil with the soil of good quality

B. |landfarming - mixing the soil through agricultural activities

B_ | bioreactor - land is mixed with water to the separation of sand and
slurry

Physico-chemical methods provide the most opportunities for technology se-
lection, and some have no restrictions regarding the place of implementation. Ther-
mal procedures are often carried out off-site, but some have recently been developed
to enable on-site application. Regarding biological methods, in-situ technologies
lead to efficiency, cost, and easy application.

MATERIALS AND METHODS

The Analytic Hierarchy Process (AHP) is a technique that measures
through pairwise comparisons and relies on expert opinions to derive priority
scales (Saaty 2008). It is one of the most popular tools for multiple-criteria de-
cision-making. The AHP methodology’s hierarchical structure makes it easy to
put the elements of a complex decision-making process together as a whole by
measuring and synthesizing a range of aspects in a hierarchical manner. There
are six phases in this method: 1) Define the issue and decide what knowledge
is needed; 2) Establish the decision-making hierarchy with indicators; 3) Build
matrices to do a series of pairwise comparisons; 4) Determine the indicators’
relative weights for each level; 5) Decision-making is checked and balanced; 6)
Decision documentation. AHP structure is displayed in Figure 1.
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Figure 1. The Hierarchical structure of AHP method

The comparison matrix will be ‘translated’ per pair into problems of deter-
mining their eigenvalues in order to obtain normalized and unique eigenvectors,
as well as the weight of all the indicators on each level of the hierarchy with the
weight vector. Any comparison between two elements of the hierarchy is made
using Saaty’s scale in Table 2.

Table 2. Adopted scale of importance

Intensity of importance Degree of Preference

The criteria are equally important

Medium importance of one factor over another

Strong or essential

Extremely important

1
3
5
7 Crucial importance
9
2,

4,6,8 Intermediate values

At any point during the process of comparing pairs of options, the AHP
technique allows for evaluating the consistency of assessments. The ratio of con-
sistency CR = CI/RI is determined using the index consistency formula: , where
A, 1s the highest eigenvalue of the matrix comparisons. The value of the consist-
ency ratio CR is less than 0.10. The possibilities for applying the AHP method
are many and significant (Stanojevi¢ et al. 2019, Selim et al. 2018)
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RESULTS AND DISCUSSION

The overall synthesis is realized in the following way: the participation of
each alternative is multiplied by the weight of the observed indicator