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GRAPHENE AGAINST CORROSION IN CONCRETE.
A SHORT REVIEW

Abstract

Graphene represents one of the most interesting nanomaterials due to its unique
properties like: mechanical resistance, electrical and thermal conductivity, chemical
inertness. It shows barrier properties and impermeability for reactive gases, liquids,
acids, and salts. Concrete corrosion is a quite spread phenomenon due to direct
contact with seawater, or other aggressive reagents corrosive ions, such as chloride
ions, that can easily penetrate the porous cement matrix and diffuse to corrode the
steel component. In this short review are shown examples where graphene can be
considered as a possible solution especially in the cases when it is a part of a
multilayer coating while other materials can act as a barrier form.

Keywords: Graphene, concrete, corrosion, inhibitor, anticorrosion coatings

Introduction

Concrete structures are usually subjected to strain in corrosive
environments. It is very common to find concrete structures used for
applications that have direct contact with seawater, are exposed to road
salts, or react with polluted air. Corrosive ions, such as chloride ions,
can easily penetrate the porous cement matrix and diffuse to corrode the
reinforcement steel causing a serious reduction of the effective loading
cross section and also weaken the bond between the reinforcement and
the matrix. [1-3] Polluted air with a high level of carbon gases can react
with the reinforcement steel bars in a way that increases their britt-
leness. [1] Therefore, expensive repair work is essential to keep the
concrete structures functional, and in some cases, this repair could take
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place after a period as short as ten years of the structure becoming
operational. The repair work usually uses less durable materials, and it
only increases the life of the structure by a few years. Although this
repair work can be also delayed by using paint and other kinds of
protective coating on the outer surface of the concrete, they are mainly
sensitive to frost and more susceptible to crack upon loading. [4]

There is a grown interest in applying the protective coating
directly on the reinforcement steel to work as a diffusion barrier and
minimise the contact between the steel and the corrosive environment.
Several materials have been used as the protective coating, ranging
from traditional industrial barriers such as polymer and ceramics to
emerging new nanomaterials such as carbon nanotube and nano-
particles. [5-7] A perfect protective coating should be thin, provide a
diffusion barrier to chemical attack, and preferably transparent.

Graphene as protective layer

Graphene, the thinnest possible materials with only one atom in its
plan, combines both optical transparency and mechanical flexibility that
makes it ideal coating material. [8] Graphene also demonstrates an
exceptional barrier to reactive gases, liquids, acids, and salts. [9] The
outstanding impermeability of graphene is attributed to its very dense crystal
structure. Considering the measured C—C bond length is 0.14 nm between
the nuclei of carbon atoms in the honeycomb structure, [10] the hexagonal
pore diameter of the graphene was estimated to be 0.246 nm (Figure 1a).
[11] This pore diameter reduces further to 0.064 nm if the van der Waals
radii (0.11 nm) of the carbon atoms are considered. [12] It is, therefore, safe
to assume that defect-free graphene is impermeable even for atoms as small
as helium. Moreover, the electron cloud of the n-conjugated carbon network
is dense and further blocks the gap within its aromatic ring. The electron
cloud poses a repelling field to reactive ions, atoms or molecules, which
works as an energy barrier that physically isolate the metal substrate from
the corrosive environment (Figure 1b). [13]

Despite the clear theoretical benefits of using graphene coating, there
are still debates on its practical ability to protect metals from corrosion.
Schriver et al., have shown that the graphene grown by CVD techniques
forms an efficient protective layer only over short timescale. [14] When
considering the corrosion over a long time scale, water, oxygen and some of
the ions are able to infiltrate through the defects in the graphene layer to react
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with the metal substrate. [14] The graphene layer, in this case, promotes the
localised types corrosion in a way similar to the crevice corrosion. [15,16]
Moreover, the electron transfer is facilitated through the conductive
graphene layer, which leads to enhancing the rate of the electrochemical
corrosion reaction, unlike the traditional oxide coating where the electron
transfer is suppressed by the poor conductivity of the protective layer.
[14,15] Also, The chemical nobility of the graphene is a double-edged
sword, while it promotes minimum changes of the protective layer, it also
means that the coating layer is cathodic to most metals and alloys which
facilitated the galvanic coupling on any exposed graphene-metal interface.
[17] This kind of graphene-metal coupling promote localized corrosion than
uniform corrosion, but it can cause catastrophic failure of the reinforcement
steel in the concrete structures, even with minimal mass loss. [18] Similar
results were reported for other kinds of carbon nanomaterials when they
were applied as anti-corrosion coating. [19] Therefore, defect-free graphene
coating in principle can protect from uniform corrosion in a similar
mechanism as other cathodic coatings, tin-plating for example, but it
enhances the localized corrosion if defects of any kind are present.
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Figure 1: (a) Close-packed atomic structure of graphene with rough
electronic density distribution, [12] (b) Energy barriers for O forced to pass
from the top to the bottom side of graphene. [13]
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The challenge is therefore to develop a continuous layer of defect-
free graphene on the metal substrate. Graphene coatings are usually
applied on metals using two major approaches, (i) carbonaceous gas
cracking on the surface of the metals using techniques such as CVD,
[20] or (ii) depositing graphene flakes from solutions using techniques
such as drop casting, dip coating, spin coating or electrophoretic
deposation. [21, 22] The first approach is a bottom-up technique that
uses high temperature and severe growing conditions, which makes
preventing the defects a nontrivial process. Growing multilayer
graphene is probably the only solution to minimize the defects, thus
providing better protection over a relatively longer time. [23, 24]
However, CVD growth of graphene on steel is a challenge, and the
graphene sheets usually need to be mechanically transferred from other
metal substrates, which raises questions on the coating adhesions. [25]
The wet chemical approach, on the other hand, offers more flexibility
on the fabrications. It can also be tuned to produce graphene composite
and functionalized graphene with different groups that can alert the
properties or work as a linker between the coating and the metal
substrate. Graphene composites with polymers have shown great
resistance to corrosion due to the barrier properties of both components.
A key practice to obtain protective graphene-polymer coating is to
develop well-dispersed flakes in the polymer matrix, which can be
achieved via using a surfactant or chemical modification of the gra-
phene sheets. Examples include using 4-aminobenzoyl group-function-
alized graphene to improve the dispersability of graphene in poly-
aniline, [26] using carboxylated aniline trimer derivative to disperse
graphene in waterborne epoxy system, [27] graphene and graphene
oxide dispersed in polyurethane using 3-amino- propyltriethoxysilane
(APTES) as stabilizer, [28] utilization of poly(2-butylaniline) (P2BA)
as a dispersing agent to obtain well-dispersed graphene in epoxy matrix.
[29] Another strategy to improve the anticorrosion performance of
graphene layers is by breaking the galvanic coupling between graphene
and metal using insulating groups introduced on the graphene flakes. In
these cases, polymer matrix was not needed to provide an extra barrier
and the functional groups, such as APTES, were not used to improve
the dispersibility. The chemically bonded groups, usually covalently
bonded, played different roles; linking the graphene to the metal
substrate, and forming insulating layer to inhibit the galvanic reactions.
[30-32]
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However, the application of graphene as corrosion protection
layer on reinforcements steel in the concrete structure is far more
complicated. Under load-bearing conditions, the graphene coating, or
even the graphene-polymer composites, may delaminate from the metal
substrate due to inhomogeneous stress loading between the coating and
the substrate. [33] Moreover, the coating is susceptible to scratching,
particularly when considering the abrasion nature of the cement
particles that wrap the reinforcement steel. One possible solution is to
use graphene as a part of a multilayer coating where other materials can
act as a barrier form the abrasion and protect the graphene coating from
rubbing. [34] Another possible strategy is to develop coating where
graphene can serve as the anodic part of the galvanic cell. Anodic
graphene can satisfy good barrier properties, but more importantly, it
will corrode before the metal substrate upon exposing the gra-
phene/metal interface to the corrosive environment. Another promising
strategy is to develop self-healing coating where the protective coating
can recover its barrier properties by healing any crack or scratch. [35]

Conclusion

Structural integrity and durability of steel that is used for the
reinforcement of concrete infrastructure is of great importance because
of world-wide use in civil and industrial structures. They don't remain
intact over the time as they degrade and become more fragile due to the
corrosion of steel rebars especially in the contact with chloride ions in
seawater or in the environment and other corrosive agents. Graphene
has many distinct properties among nanomaterials and one of them is
very high impermeable. It can be used as corrosion inhibitor as a part
of a multilayer coating where other materials can act as a barrier form
and protect the concrete corrosion.
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Amor Abdelkader

GRAFENI KUNDER KORROZIONIT NE BETON.
NJE PUNIM REVIAL | SHKURTER

Pérmbledhje

Strukturat e betonit pérdoren né shkallé té gjéré né ndértimtari, né
hapésira té ndryshme dhe jané né kontakt me agjenté oksidues né mjedise té
ndryshme korrozive qofté drejtpérdrejté me agjenté korroziv né ujé té detit,
né kripérat qé hidhen pér shkrirje té akullit né rrugé ose reagojné me agjenté
korroziv né ajrin e ndotur.

Agjentét korroziv si jonet klorure mund té depértojné lehtésisht né
matricén poroze té cementit dhe difundojné deri te struktura e celikut gé
pérdoret pér pérforcim té betonit duke e shkaktuar korrozionin dhe njéherit
e dobéson lidhjen né mes cementit dhe gelikut.

Ajri i ndotur me pérgendrim té larté té gazeve té karbonit mund té
reagojé me shtyllat pérforcuese duke e rritur brishtésiné e tyre.

Prandaj pér funksionimin afatgjaté té kétyre strukturave té betonit
nevojitet njé mirémbajtje e vazhdueshme qé éshté veprimtari e shtrenjté dhe
nganjéhéré duhet béré né periudha té shkrutéra kohore, mé pak se 10 vite
pas ndértimit. Gjaté mirémbajtjes pérdoren materiale mé pak té génd-
rueshme dhe kjo e zgjat pérdorimin e strukturave pér disa vite. Pérdorimi i
ngjyrave ose shtresave té tjera mbrojtése né shtresén e fundit té betonit mund
té zgjasé géndrueshmériné e tij, por kéto shtresa jané té ndjeshme né ngrirje
dhe mund té démtohen gjaté kalimit té peshave té rénda.

Prandaj ekziston njé rritje e interesimit té pérdorimit té shtresave
mbrojtése drejtpérdrejt né gelikun gé pérdoret pér pérforcim té betonit. Kéto
shtresa do té shérbejné si bafrriera té difuzionit té ajgentéve oksidues dhe do
ta minimizojné kontaktin e drejtpérdrejté té celikut me mjedis korroziv. Deri
mé tani jané pérdorur disa lloje t€ materialeve si shtresa mbrojtése duke u
nisur prej polimeréve dhe keramikés deri te nanomaterialet si nanotubat e
karbonit dhe nano grimcat. Njé shtresé perfekte mbrojtése duhet té jeté e
hollé, té pengojé difuzionin e agjentéve oksidues dhe mundésisht trans-
parente. Grafeni éshté materiali mé i hollé i mundshém, me trashési njé
atomike, éshté transparent dhe shumé i géndrueshém mekanikisht. Po ashtu
éshté i padepértueshém pér gazrat e démshme, 1éngjet, acidet dhe kripérat.
Prandaj kohéve té fundit grafeni ka gjetur pérdorim si shtresé mbrojtése e
celikut gé déshmohet me shembuj té shumté né kété punim té shkurtér revial.
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ASSESSING THE WATER MEGA TRENDS AND
IMPLICATIONS IN KOSOVA

Abstract

Megatrends can be defined as broad, long-term global patterns affecting
management practices and processes, ranging from demographic shifts and
urbanization to technological advancements, climate change, and geopolitical
changes. This paper aims to address the science-policy interface and bring
together evidence that develops systemic co-created knowledge while
supporting policymaking and decision-making at the Kosovo level to solve
environmental issues. A literature review and focus group-based methodology
were used first to identify key global megatrends and then reflect on the
streamlined process needed to help Kosovo consider the implications of global
megatrends (GMTs) and prepare outlook information related to water
management. For the case of Kosovo, two global megatrends have been chosen
for assessment: GMT 7 (Intensified global competition for resources) and
GMT 9 (Increasingly severe consequences of climate change). Our analysis
suggests important implications that address the water-related problems in a
coordinated manner and the need for societal responses that may be appropriate
for the future. Both selected GMTs are participatory in focus and use a
systematic approach that needs evidence to prioritize potential impacts on
natural resources and climate change in Kosovo. Further, the implications and
relevance of the GMT showed the need to strengthen policy measures
following national priorities and circumstances.

Keywords: global megatrends, environmental foresight, science-policy
interface, water management.

Corresponding author: m.kerolli@ibcmitrovica.eu

Faculty of Environmental Management, International Business College
Mitrovica, Kosovo

Faculty of Chemical Engineering and Technology, University of Zagreb, Croatia



18 Research 27 Kérkime

Introduction

The European Environment Agency (EEA) has been working for
years to enhance the science-policy interface and bring together
evidence that supports policymaking and decision-making at the
European level to solve environmental and water-tackling issues. At
this time, it's essential to have an adaptable, sustainable application
solution that global megatrends brink to support the change and future
of our society. To understand how the identified eleven GMTs will
impact the environment in each European country and Europe as a
region, the EEA took this initiative to search for the systemic
knowledge required and identify the barriers that exist to the creation
and use of such knowledge. In this regard, the EEA published a method
toolkit, Mapping Europe's Environmental Future: Understanding the
impacts of global megatrends at the national level [1].

Overall, the term "Mega Trends" encapsulates broad, long-term
global patterns affecting or are expected to affect all sectors of society,
ranging from demographic shifts and urbanization to technological
advancements, climate change, and geopolitical changes. Understanding
Mega Trends is pivotal in grasping the future landscape of various sectors,
including water management. Water, a critical resource that underpins
public health, economic development, and environmental sustainability, is
being redefined by these large-scale trends. This paper summarizes key
contributions to the discourse on Mega Trends and their implications for
assessing the water landscape. Water resource management is a key
challenge facing countries globally, especially in changing climate
conditions and increasing demands due to population growth and
industrialization. Like many other countries, Kosovo has adopted a legal
framework for environmental conservation but is facing numerous
challenges in effectively implementing water management policies.
Kosovo has made efforts to adopt laws that align with European Union
(EU) standards, but the lack of enforcement and compliance remains a
primary issue. This phenomenon is not unique to Kosovo; the disconnect
between policy adoption and implementation is a global problem.

Global Mega Trends (GMTS5)

Understanding Global Mega Trends (GMTSs) is crucial for many
reasons across different sectors and levels of decision-making of
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businesses and organizations, as well as comprehension of trends that
would allow for informed long-term strategic planning. Policies that
reflect the trajectory of these long-term shifts are more likely to be
effective and sustainable, addressing the core challenges and oppor-
tunities that will come with future transformations. Global Mega Trends
(GMTs) (Figure 1) influence worldwide environmental governance.
Two Mega Trends are particularly relevant to Kosovo: GMT 7
(Intensified global competition for resources) and GMT 9 (Increasingly
severe consequences of climate change) [2].

@
Figure 1. Global Megatrends (Source: EEA, 2015a) [2].

GMT 7: Intensified global competition for resources

The global demand for water resources is increasing exponentially,
which exacerbates competition [3]. Kosovar policymakers need to factor
in how international demand for water affects domestic supplies [4].
While the literature establishes the global nature of this trend, there is a
limited focus on Kosovo’s specific circumstances.

The competition is not merely among countries; it also occurs
between sectors within a nation (agriculture, industry, etc.) and even
among different social and economic groups. For instance, the trend has
spawned market mechanisms such as "virtual water trade,"” where nations
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with water scarcity import water-intensive goods instead of producing
them domestically [5]. While such mechanisms are innovative, they can
also lead to vulnerabilities, especially for developing economies depen-
dent on external resources. For Kosovo, this Mega Trend is significant
for a variety of reasons. First, Kosovo is a relatively new and small state
with a developing infrastructure, making it vulnerable to external market
pressures. Its water resources, shared with neighboring countries,
become a potential flashpoint for conflict [6]. Kosovo's political scenario,
including its relationship with neighboring countries, exacerbates the
competition. Regional geopolitics significantly influences water-sharing
agreements and management strategies. In such a context, the intensified
global competition adds another layer of complexity, potentially inviting
external actors who might seek to exploit Kosovo's resources [7]. As
global competition intensifies, Kosovo may find its capacity to manage
its water resources strained unless preemptive steps are taken.
Adaptability failure could result in economic losses, social strife, and
potential geopolitical conflicts [8]. While studies are exploring the
implications of global resource competition, they often adopt a macro
perspective and do not sufficiently delve into how smaller states like
Kosovo are uniquely affected [9]. Therefore, there is a need for empirical,
Kosovo-specific studies that can offer insights into how this global mega
trend is impacting the country's water resources and what strategies can
be developed to mitigate adverse effects.

GMT 9: Increasingly Severe
Consequences of Climate Change

The literature shows climate change impacts water resources
through increased evaporation rates, altered precipitation patterns, and
more frequent extreme weather events. These trends raise questions
about Kosovo's adaptive capacities [10] and how these could be
bolstered through policy interventions. In the realm of water
management, the impact is incredibly profound. Climate variables like
temperature and precipitation significantly influence the water cycle.
Climate change can exacerbate water scarcity through altered hydro-
logical cycles that result in less predictable and more intense rainfall
events [11]. Due to its geographical location, limited water resources,
burgeoning industrial and consumer demands, Kosovo faces particular
challenges. Changes in precipitation patterns and rising evaporation
rates due to higher temperatures, could lead to reduced water
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availability [12]. In addition, the higher incidence of extreme weather
events like floods and droughts further strains Kosovo's already limited
adaptive capacities [13].

The ramifications of this Mega Trend will likely have a more pro-
nounced impact on vulnerable populations, including rural communi-
ties, the elderly and the economically disadvantaged [14].

Current climate models offer broad-scale projections, but there is
an urgent need for localized studies that can provide nuanced insights
pertinent to Kosovo [15]. Research should also investigate the social
dimensions of climate change to identify the populations most vul-
nerable to water scarcity and the types of interventions that would be
most effective [16]. Understanding this Mega Trend and its localized
impacts is crucial for informed policymaking. Kosovo's policymakers
need to consider both adaptation and mitigation strategies, which could
range from constructing more resilient water infrastructure to initiating
community awareness programs focused on water conservation [17].

Science-Policy Interface (SPI)

The European Environment Agency (EEA) and European Topic
Centre (ETC) method toolkit serve as vital resources for defining
capacity and expertise in foresight for Kosovo [2]. These toolKits'
participatory methods could bridge the gap between scientific research
and policy decisions [18]. Given Kosovo's challenges in water mana-
gement, from weak implementation of laws to susceptibility to global
Mega Trends, a strong SPI is essential. Effective SPI practices can help
bridge gaps between the complex science of water resources and the
practical needs of governance. One major challenge is the 'credibility
gap', where policymakers may not fully trust scientific input due to
perceived bias, complexity, or irrelevance to immediate concerns [19].

Other challenges may include institutional inertia, lack of
resources and capacity constraints that limit the effective utilization of
scientific knowledge [20].

Adaptive and Sustainable Solutions

Evidence-based adaptive management strategies can be translated
to the needs of the Kosovo case. The literature suggests a multi-tiered
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governance approach water resources effectively [21]. Adaptive
management involves a structured, iterative process of decision-making
in the face of uncertainty, aiming to reduce uncertainty over time via
system monitoring [22]. It is particularly crucial for water resource
management, given the complex and dynamic nature of hydrological
systems [23]. Kosovo could benefit from implementing 'learning-by-
doing’ strategies [24]. These include monitoring key indicators in real-
time, conducting periodic evaluations, and allowing for adjustments in
policy and practices based on evidence and performance data. For
Kosovo, this involves developing water management practices that are
economically viable, socially just, and ecologically sound. Infrastruc-
ture investment must consider long-term operating costs, ecological
impact, and social acceptability. This could include transitioning from
high water usage industries to more sustainable options and investing
in water-saving technologies and wastewater treatment plants. Kosovo
could invest in technologies for real-time monitoring of water quality
and usage, thereby enabling rapid response to emerging issues such as
pollution or over-extraction, but also in advanced technologies such as
remote sensing, Geographic Information Systems (GIS), and the
Internet of Things (1oT).

In general, the paper presents the foresight implication of GMT's
and their potential implications on the Kosovo Water thematic aspects,
current status, or sustainability of water management.

Methodology

The methodology used for assessing the implication of the GMTs
was in line with the EEA GMTs selection toolkit and "checklist docu-
ment" developed by the EEA SOER guidelines considering environ-
mental studies and generated from different sectoral and spatial
perspectives in Kosovo.

The following steps have been used to analyze the selection of
GMTs in the Kosovo case:

1. Exploration of the implications of global megatrends on the
environment and environmental policies at the national level;

2. Assessment of sustainability transitions and niche innovations
using examples from other countries;

3. Development of methods that enabled countries to reflect on the
impacts of the EEA GMTs and their meaning at a national level,
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4. Overview of risks and opportunities now and in the future;

5. Considering the implications of GMTs by reviewing studies
focused on topics of interest and in line with the level of expertise
and capacity within a country.

Considering the data and information from the national level, two
global megatrends have been selected to assess their implications in
Kosovo: GMT 7: Intensified global competition for resources and GMT
9: Increasingly severe consequences of climate change. Both selected
GMTs are analyzed regarding their implications on the national level,
their potential effect on the national ecosystems, water quality or
resources, human health, and sustainable development. The research is
focused on the information gathered from the focus group meetings and
data reflected on the assessment of the National Action Programme and
other strategies in place related to water use, ecosystem vulnerability,
and climate change effects in Kosovo; discussed the prioritizing
implications (water & sectors and ecosystem vulnerability) and GMTs
7 and 9; determined initial scoping of implications (likelihood, mag-
nitude and time scales of effects) as well as analyzed opportunities and
risks; and provided recommendations for follow-up at the national
level. Both proposed methods are participatory in focus and use a
systematic approach that needs evidence to prioritize potential impacts
on natural resources and climate change in Kosovo based on the know-
ledge and judgment of the experts and other involved stakeholders.

To develop an improved focus on these implications, five work-
shops were organized in Kosovo to discuss the selected megatrends, as
described by the EEA, and to assess the impact on the Kosovo environ-
ment, with a particular focus on water relations to sectors (agriculture,
energy, drinking water supply, etc.) and ecosystem vulnerability
(wastewater treatment plants, minimum flows, and water levels, etc.).
The workshops gathered the main stakeholders to share their knowledge
and provide input for the national State of the Environment for Kosovo.
In this context of reaching the research objective and investigating the
environmental impact of GMTSs, the focus group discussions addressed
the analyses of effect as well as the potential timescale in which GMTs
implications could occur in the Kosovo case. The main discussions
were focused on understanding the impacts of global megatrends based
on basic resource needs such as food, water, energy, materials, and
ecosystems and their services.
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Scoping of GMT implications in the Kosovo case

The national analysis resulted in the selection of GMTs for our
national exercise to analyze the potential implications on water. The
selected GMT 7 and GMT 9 have been analyzed following the EEA's

methodologies.

Table 1. Summary of GMT implications identified by main
stakeholders in Kosovo

National issues considered

for resources

competition

Need for renewables
Biomass and Biogass

Risk of supply for criti-
cal resources

GMT _Idenfufle_d Chill! most likely affected by

implications T

implications

Effect of the water su- | Structural economic changes

pply and economic risk

Limits on the amount Overuse of water resources

of resources available Need for increased renewables

Increased and efficiency

environmental burdens | Not all strategies are developed
GMT 7 Risk for prices & to implement all the processes
Intensified availability of resources | Water pollution and flooding
global Insecurity and conflict
competition | Jinked to resource The new water reservoirs

planned with Kosova's strategic
plans in the transboundary
rivers shared with North
Macedonia, Serbia etc. (e.g. the
reservoir planned in Lepenc
river which is a tributary of
Vardar river).

GMT 9
Increasingly
severe
consequences
of climate
change

Increased frequency of
droughts and fires

Precipitation changes

Loss of ecosystems/-
biodiversity

Increase in environ-
mental problems —
water resources
decrease

Risk to food security

Allien species

River and urban flooding
Droughts and erosion
Infrastructure damage
Risk to food systems
Economic risk
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Table 2. Scoping of identified implications
. Timescale
Estimated . .
GMT |Prioritized likelihood '\;'a?,_f”'t”de 9"”'.""“'."“
title | Implications (high/low) | ©F &TTect | Implication
(high/low) | may occur
Effect of the water su- High High Medium-term
pply
Limits on the amount ;0 |45 Medium-term
of resources available
Increased . . Medium-long
environmental burdens High High term
R|§l_< for prices & avail- High High Medium-long
ability of resources term
GMTY | |nsecurity and conflict Short.
linked to resource Low Medium .
. medium term
competition
Need for renewable Short-
) Low to Low to .
energy - biomass and . . medium-long
. medium  [medium
biogas term
Risk of supply for criti- Medium | High Medium-long
cal resources term
Increased frequency of Hidh Hidh rSnZ%Iritl;m-lon
droughts and fires g g g
term
Low to Short-
Precipitation changes . Medium medium-long
medium
term
GMT9 Loss of Short-
. .. |Medium |High medium-long
ecosystems/biodiversity
term
. . Short-
Risk to food security Medium | Medium medium-long
and human health
term
Increased damage to Low to Medium to Long term
(water) infrastructure  |medium | high g
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Low (0 Medium Short term
medium
Effect of the water Medium | Medium to Short-
i ; medium-long
supply to high high e

Table 3. Rank of implications —important aspects to be considered
further

GMTT Intensified global competition for resources

Implication: Increase in environmental problems — water resource
decrease

Prioritization of sectors (agriculture has the
highest potential) with the highest importance/-
potential for development — utilizing/material-
Social aspects: effects | lizing resources already available (take

on human health, loss | advantage of monitoring provided by local

of jobs due to the communities).

decrease in environ-
mental investments,
migration (brain drain)

nationals illegally present in the EU + Number of asylum applications
internationally, as well
as displacement inside |

the country from rural
to urban areas.

— 14670

(Source: Garcia, 2020) [25].

The role of donations as a form of investment for
development — a small investment could change
the situation (according to the priorities, e.g.,
IPA3 for municipalities now).

Improve of the mechanisms in monitoring,
implementation and enhancing the capacity
building in environmental problems.

Economic aspects:
competition for
critical resources in
the whole region, risk
for agriculture and
farming regarding
resource availability,
GDP — export and
import of the products.

Water Security is closely linked to national
security in Kosovo, given its topography and
history and its dependence on the Ujman/Iber-
Lepenc system.
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Governance aspects:
lobbying/corruption as
competition for
resources increases
due to environmental
problems.

Lobbying is considered an important aspect of
governance; however, environmental issues are
often dominated by influential players. It is also
followed by governmental changes/reduction in
donations/investments because of environmental
issues, etc.

Corruption remains an issue of serious concern.

Lifestyle changes —
adaptation to the new
challenges (e. g.,
similar to what was
seen during the
pandemic).

Kosovo needs to make significant progress in
climate change mitigation, reducing greenhouse
gas emissions, consumption of natural resources
and nature protection. The role of financial
inclusion and international remittances in
Kosovo are important; they led towards the
lessons learned after the pandemic effects and
provided opportunities to adapt to the new
environmental and lifestyle changes [26].

Implication: Need for renewable energy - biomass and biogas

Loss of biodiversity,
highly valued eco-
systems (e. g. forests)

Holistic and multisector cooperation, pro-
grammatic approach.

Biomass potential is considered forests in
Kosovo that represent a good energy source.
Researchers confirm that there is potential to
increase the capacities of energy from 0 MW in
the transmission system to 16 MW for the use of
biomass within the next 10 years. Some studies
identified an estimated potential of 120
GWhlyear for the medium-term to be achieved
in recent years [15].

Changes in the amount
of air and GHGs
emissions,

Taking advantage of EU funding to support the
low-income countries' investments.

Land use and land
cover changes and the
issue of land owner-
ship.

Learning from the experiences and knowledge of
the other countries. Knowledge transfer.

Loss of ecosystem
services (e.g. changes
in carbon sequestra-
tion).

Change in energy mix — switch from fossil fuels
to renewable ones.
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Insufficient infrastruc-
ture to support the
increase in renewable
energy production
(distribution, storage).
Cost of the transition
for the energy system.
Loss of jobs in the
energy sector (due to
lack of skills).

The need for renewable energy will need to be
complemented with energy efficiency measures
— nature-based solutions (green roofs, green
facades as isolation).

Achieve the EU goals concerning renewable
energy.

Development of the new infrastructure/energy
systems that enable distribution and storage of
the energy. New job opportunities in the green
sector.

Evidence:

According to the national energy plan in
Kosovo, and about 25,69% of renewable energy
was reached in 2019, surpassing its 2020 target
by 25%. However, according to the plan, this
refers to the sectorial target for heating and
cooling being overreached, while contributions
of renewable energy to electricity and transport
are still very low.

GMT?9 Increasingly severe consequences of climate change

Implication: Increased frequency of droughts and fires

Increased loss of
biodiversity and forest
(loss of habitats and
species)

Development of fire management plans and an
early warning system for forest fires.

Degradation of soil,
and agriculture sector
impacts (loss of
productivity, also as
an economic impact).

Development of infrastructure (e.g. artificial
lakes) for water accumulation.

Forest fires —
increased air pollution
and GHGs emissions.

Increase people's awareness of the importance of
reducing forest fires (especially in the summer
season) and changes in their behaviour.

Water shortages due to
droughts.

Raising awareness for efficient water use and
reducing water leaking (increasing artificial
resources).

Population migration
from the affected
places (to the more
secure places).

Increase the resilience to the impact of droughts
and fires.
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Loss of the ecosystem
services of the forests
(loss of the
groundwater
regulation, increase of
the erosion).

Upgrade spatialized management solutions,
establish efficient monitoring systems, and
invest in technological infrastructure.

Increase impact on
natural and cultural
monuments due to
acid rain.

Developing long-lasting infrastructures that can
continuously protect the monuments from
degradation.

Economic impacts due
to the loss of people's
properties.

Kosovo's unemployment rate (40%) remains
very high compared with other European
countries [26]. The country relies heavily on
remittances from the diaspora due to slow
economic progress. Some of the problems
burdening Kosovo include high levels of air
pollution, a deficient education system, the
absence of a visa liberalization agreement with
the EU, the impact of the COVID-19 pandemic,
which entailed lockdowns and a significant
economic contraction as well as property loss.

Evidence:

e Warming is becoming higher than average,
especially for mountain areas. e Decrease in
overall annual precipitation, with most
significant decreases in summer. e Increases in
winter precipitation, particularly in mountains,
resulting in more frequent spring flooding. e In
Kosovo, a decline of 50 days per year of snow
cover by 2050

Implication: Risk to fo

od security and human health

Loss of productivity.

Introduction of crops that are more drought
resilient.

Internal and external
migration due to food
security issues.

Development of food control process
(improvement of human health and reduced
mortality).

Lack of food quality
control for foods
produced in the
country and imported.

Development of food control process (improving
human health and reducing mortality).
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Higher exposure to
lower quality products
imported to Kosovo
(e. g. in the case of
meat).

Improvement of incentives (e.g., subsidies) for
national food production.

Uncontrolled use of
pesticides in
agriculture (infiltration
in the groundwater).

Development of a soil monitoring plan for
agricultural land.

Lack of local food
production and
increased
imports/increasing
food prices lead to
lower-income people
consuming food of
unknown quality.

Increase the agricultural products from the rural
areas (local producers) with the support of the
government.

Lack of social and
economic
determinants

of health addressed in
national policies and
programmes

that enhance

health equity.

Increase the government and social capacities to
prevent risk and improve human health.

Central-level institutions should intertwine
policies to promote agriculture among youth and
discourage migration.

There should be more quality checks and control
of food items, as this is a practice that Kosovo
lacks.

Proper implementation of legislation in place is
needed, and better monitoring mechanisms for
the whole food system legislative framework are
required.

Farmers and producers should be more aware of
the importance of professional consulting
services and provide training programs to
increase their capacities in sustainable
production practices.
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The result showed the need to improve the cooperation and inter-
action between different entities,” which is inherent to the concept of
sustainable development and knowledge-based system in water mana-
gement, food security, and nature protection. Another important aspect is
the government's stand that must provide financial support for appro-
priate environmental management planning and work more toward the
excellent reformulation of environmental policies. The government
investments must be maximized and focused on increasing institutional
pluralism in the extension of services, maximizing public welfare, enhan-
cing access to the economic efficiency of the water, energy, infra-
structure, and agriculture sectors in the identified GMT's approach.

Mechanism of collaboration and interaction:

Multi-actor partnerships are proposed as the most effective way of
organizing innovations and ensuring sustainability of water management,
use of resources, climate change mitigation, food production, community
involvement, etc. Enhancement of the partnerships and networking
among institutions in charge presents the basis of, solid, effective coope-
ration, public-private partnerships, institutional pluralism, participation
from the producers/organizations, etc. Therefore, the investment in
stakeholder capacities through training, environmental knowledge, and
exchange is of great interest.

Policy gaps and needs

This section presents the key environmental legislation developed
in Kosovo in line with EU requirements and identifies gaps and needs
for improvements. Implementing national legislation in the light of EU
legislation is one of the main challenges ahead. Kosovo Environmental
Strategy (KES) represents one of the most important steps towards the
complete and long-term protection of the environment. The Kosovo
Environmental Action Plan (KEAP) is the outcome of the KES
operational part, which was an obligation derived from the existing Law
on Environment Protection. In the best possible way, obligations
deriving from EU laws and international agreements have been taken
into account in the development of this document.

Kosovo adopted a wide environmental legal framework where the
primary legislation has been complemented and, in some cases,
repealed by new environmental laws that continue to envisage
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incorporation in the EU environmental acquis. Therefore, weak imple-
mentation is considered to be at the root of weak practices that are
openly carried out in most of Kosovo's territory, such as deforestation,
illegal building, poor implementation of water resources management
functions, etc. In this regard, Kosovo still suffers from a lack of
enforcement and compliance with the laws. On the other hand, the
progress related to improving water quality has also been limited in line
with Law No. 04/L-147 on the waters of Kosovo. The issue of low
administrative capacities, weak water management in terms of organi-
zational structure, number of qualified staff, and the current institutional
set-up implements the Law on Water very difficult to coordinate. The
planning and preparation of the infrastructure investment are lagging
due to the low funding compared to the needs of the water sector. The
lack of investments and lack of wastewater treatment facilities continue
to hamper the operation of water treatment. In addition, the Kosovo
National Water Strategy Document 2017-2036 defines the new actions
needed and the measures for water resource conservation and protection
[27].

Further, the strategy for climate change is another crucial step in
the management policy process of mitigating GHG adopting to climate
change for the upcoming years. It is also an opportunity to see the
mitigation and adaptation measures that will stimulate sustainable
development. This strategy refers to ecological, social, or economic
adjustments in response to actual or expected climatic simulations and
their effects or impacts. The strategy foresees changes in the processes,
practices, and structures to moderate potential damages or benefit from
climate change opportunities. Energy Strategy 2017-2026 determines
the main factors for the country's economic development, and the
increase in social welfare is the security of the energy supply [28]. It
also foresees fulfilling targets and obligations in energy efficiency,
renewable energy sources, and environmental protection. However, in
the Kosovo case, more efforts are needed to strengthen the institutional
capacities, enforce legislation, create a safe environment for invest-
ments from the business sector, and finance new technologies that will
help tackle the environmental challenges and support remediation
processes. Another important aspect is strengthening multi-stakeholder
cooperation and avoiding overlapping or shared jurisdiction related to
water management issues and environmental protection in Kosovo.
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Conclusions

In this paper, we have identified and discussed the implications
of two megatrends in relation to water management practice. GMT’s
practice described in the paper showed that the implication and future
development could predict future impacts and then provide solutions
on approaches underlining resilience and sustainability assessment.
Even though the paper dealt with few specific challenges on water
resource availability, water shortages, and increased flood risk, we also
recognize that other challenges could form part of further future re-
search, such as the implications of megatrends for effective imple-
mentation of environmental assessment and mitigation measures as
well as the people's awareness and changes in their behavior.

Another important aspect of the science-policy interface is the
need to identify and formulate strategies that require a more extensive
research approach and understanding of the implications of GMTs,
Further, the relevance of applying GMTs in Kosovo on the water case
depends on the economic, social, political, and environmental impli-
cations. However, an important focus is how Kosovar society adsorb
megatrends' opportunities.

To sum up Kosovo's strategies, there is a need for inter-institu-
tional cooperation that ensures transparent and effective flows of
information, knowledge, and financial resources to support sustainable
development through effective water resource management, climate
change, and environmental protection needs. In this regard, the govern-
ment will need to identify and select measures that best suit their level
of development and governance frameworks in alignment with environ-
mental management, climate change mitigation, and adaptation. Fur-
ther, the GMT's implications and relevance showed the need to streng-
then policy measures following national priorities and circumstances. It
is important to undertake policy measures and identify the synergies
among economic, environmental, and social objectives and use this
information to set policy priorities such as updating the fund schemes,
investing in renewables, promoting green technology use in agriculture,
encouraging participation of different stakeholders in decision making
and promoting green infrastructure, foster the share of adequate
information associated with implementing policies.
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VLERESIMI | MEGATRENDEVE DHE IMPLIKIMEVE TE TYRE
NE UJERAT NE KOSOVE

Pérmbledhje

Megatrendet globale pérdoren gjerésisht sot pér té vlerésuar implikimet
né praktikat e vlerésimit mjedisor. Kjo metodé pérdoret kryesisht pér parashi-
kimin dhe planifikimin e hershém té zgjedhjeve t¢ mundshme gé cojné drejt
njé zhvillimi té géndrueshém mjedisor. Né pérgjithési, megatrendet globale
jané forca makroekonomike dhe gjeostrategjike qé pérdoren pér formimin e
mundésive té jashtézakonshme pér té parandaluar dhe reduktuar rreziget
mjedisore. Né pérgjithési, termi "Mega Trends" pérmbledh modele té gjera,
afatgjata globale gé prekin ose pritet té prekin té gjithé sektorét e shogérisg,
duke filluar nga zhvendosjet demografike dhe urbanizimi te pérparimet
teknologjike, ndryshimet klimatike dhe ndryshimet gjeopolitike. Té kuptuarit
e Mega Trends éshté thelbésor pér té kuptuar peizazhin e ardhshém té
sektoréve té ndryshém, duke pérfshiré edhe menaxhimin e burimeve ujore. Ky
punim synon té pérmbledhé kontributet kryesore né diskursin mbi Mega
Trendet dhe implikimet e tyre pér vlerésimin e peizazhit ujor. Menaxhimi i
burimeve ujore éshté njé sfidé kryesore me té cilén pérballen vendet né nivel
global, vecanérisht pérballé ndryshimit té kushteve klimatike dhe kérkesave
né rritje pér shkak té rritjes sé popullsisé dhe industrializimit. Si shumé vende
té tjera, Kosova ka miratuar njé kornizé ligjore pér ruajtjen e mjedisit, por
aktualisht po pérballet me sfida té shumta né zbatimin efektiv té politikave té
menaxhimit té ujit. Kosova ka béré pérpjekje pér té miratuar ligje gé pérputhen
me standardet e Bashkimit Evropian (BE), por mungesa e zbatimit dhe
pajtueshmérisé mbetet njé ¢éshtje parésore. Ky fenomen nuk éshté unik vetém
pér Kosovén; shképutja ndérmjet miratimit dhe zbatimit té politikave éshté njé
problem global.

Né kété punim, ne kemi identifikuar dhe diskutuar implikimet e dy
megatrendeve né lidhje me ndérveprimin shkencé-politiké dhe praktikén e
monitorimit mjedisor. Rezultatet e nxjerra jané njé pérmbledhje e punés sé
angazhuar me Rrjetin Evropian t& Informimit dhe VV&zhgimit t& Mjedisit pér
té analizuar rastin e Kosovés. Né rastin e Kosovés dhe rajonit, testimi dhe
vlerésimi i aplikimit t&¢ GMT-ve éshté njé process i ri, si né kuptim ashtu edhe
né zbatim. Megjithaté, analiza e rezultateve dhe informacioneve té gjetura
rezultojne interesante né kuptim té trajtimit té lidhjes shkencé-politiké, si né
nevojén pér identifikimin dhe formulimin e strategjive, gé kérkojné njé gasje
mé té gjeré kérkimore ashtu edhe né kuptim té implikimeve té GMT-ve. Mé
tej, réndésia e aplikimit t&¢ GMT-ve né Kosové pér rastin e ujit varet nga
implikimet ekonomike, sociale, politike dhe mjedisore. Megjithaté, njé fokus
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i réndésishém né té ardhmen éshté se si shogéria kosovare i pérvetéson
mundésité qé ofrojné megatrendet.
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ASSESSMENT OF CLINICAL UNCERTAINTY IN
BRACHYTHERAPY PROCEDURES:
GYNECOLOGICAL APPLICATIONS

Abstract

Brachytherapy is crucial in modern radiotherapy, offering targeted and
effective treatment for various cancers. The success of brachytherapy largely
depends on minimizing uncertainties in the treatment process to ensure
accurate dose delivery to the tumor while sparing healthy tissues. This paper
aims to comprehensively evaluate the sources of uncertainty in brachytherapy
procedures, including radioactive source calibration, the position of
radioactive source, applicator types, and dose calculation algorithm.
According to the findings, the average uncertainty associated with this
treatment technique is approximately 10%. Moreover, strategies to reduce
these uncertainties and enhance treatment precision and safety will be
discussed.

Keywords: Brachytherapy, Radioactive source, uncertainty, dose.

1. INTRODUCTION

Brachytherapy has emerged as a prominent and effective treat-
ment modality in modern radiotherapy, offering precise and targeted
delivery of radiation to cancerous tumors. This technique involves
temporary placement of radioactive sources within or close to the
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tumor, enabling high doses of radiation to be administered directly to
the malignancy while sparing adjacent healthy tissues. Despite its
success, implementing brachytherapy requires a comprehensive under-
standing of the sources of uncertainty that can impact treatment
accuracy and outcomes.

Uncertainty in brachytherapy refers to variations or errors that can
occur at different treatment stages, leading to deviation in dose distri-
bution and potential impacts on patient outcomes. These uncertainties
may arise from multiple factors, including radioactive source calibra-
tion, source positioning accuracy, applicator design, patient-specific
anatomical variations, and the accuracy of dose calculation algorithms
(1). Properly addressing and quantifying these uncertainties ensures
optimal treatment precision, efficacy, and safety.

Before commencing brachytherapy treatments, it is essential to
identify and comprehend the sources of uncertainty that can influence
the overall treatment plan. Rigorous quality assurance and quality
control programs are fundamental in minimizing uncertainties, ensuring
accurate and reliable dose calculations, and verifying the proper func-
tioning of treatment equipment. Precise calibration of radioactive
sources is critical to achieving the desired dose distribution and accurate
dose delivery to the tumor. Moreover, meticulous positioning of the
brachytherapy applicator within the target volume is vital for achieving
the intended treatment outcome.

Incorporating adaptive treatment strategies to account for patient-
specific anatomical variations and uncertainties further enhances the
precision and success of brachytherapy (2). By addressing uncertainties
proactively and implementing appropriate mitigation measures, clini-
cians and medical physicists can optimize treatment planning, improve
patient care, and reduce the likelihood of potential adverse effects.

The brachytherapy unit has been operational for over two years
within the Department of Teletherapy at the Oncology Clinic, Univer-
sity Clinical Center of Kosovo. These experiences have spurred the
assessment of uncertainties associated with this technique.

The aim of this research paper is to comprehensively discuss the
sources of uncertainty encountered in brachytherapy treatments,
offering insights into the practical considerations that need to be taken
into account during the treatment planning process. Through a thorough
analysis of the various sources of uncertainty and the corresponding
strategies to mitigate them, this study provides valuable knowledge to



Research 27 Kérkime 41

the brachytherapy community, ultimately leading to enhanced treat-
ment accuracy and improved patient outcomes.

2. RESEARCH AND DISCUSSION

2.1. Uncertainty Definition

The current standardized method for evaluating and expressing
measurement uncertainties is founded on the guidelines provided by the
Comité International des Poids et Mésures (CIPM) report(3). Over time,
this method has undergone further development and refinement by two
prominent organizations, namely the International Standards Organi-
zation (ISO)(4) and the U.S. National Institute of Standards and
Technology (NIST)(5).

This method's primary essence lies in categorizing uncertainties
into two main components: Type A and Type B. The Type A uncer-
tainties are statistical and based on the reproducibility of measurements.
In other words, they consider the variability in the results that would be
obtained if the exact measurement were to be repeated under identical
conditions.

On the other hand, the Type B uncertainties encompass all other
sources of uncertainty that cannot be adequately described using stati-
stical methods alone. These sources might include systematic errors,
instrumental limitations, environmental factors, and other sources of
variation that cannot be captured purely through statistical analysis.

When discussing the uncertainty of an observation, two essential
terms come into play: precision and accuracy. Precision, which falls
under Type A uncertainty, refers to the reproducibility of the obser-
vation. In other words, it quantifies the consistency and scatter of
repeated measurements. A high precision implies that repeated me-
asures cluster closely around a central value. Accuracy, conversely, is
a component of Type B uncertainty and represents the deviation of the
observation from the actual value. In other words, accuracy reflects how
close the average of the measurements is to the actual or accepted value
of the measured quantity. A high accuracy indicates that the measured
values are relative to the actual value, regardless of their dispersion.

In dosimetric evaluation for clinical purposes, a crucial aspect is
the estimation and expression of uncertainty associated with mea-
surements. To achieve this, a specific approach is adopted, which



42 Research 27 Kérkime

involves using a parameter denoted as "k" to represent the confidence
level in the uncertainty estimation.

When assessing individual uncertainty components, K is set to 1.
This means that the uncertainty is estimated conservatively, considering
only a standard confidence level. In this case, the individual uncertainty
components are not expanded or adjusted beyond their natural
variations. However, when estimating an observation's overall uncer-
tainty, the value of k is increased to 2. This expansion to k = 2 signifies
a higher confidence level, corresponding to a 95% confidence interval
assumption. By setting k = 2 for the overall uncertainty, the dosimetric
evaluation accounts for a more comprehensive range of potential
uncertainties, providing a more robust estimate of the measurement's
reliability and accuracy. This expanded uncertainty range is particularly
valuable in clinical applications, where precision and accuracy are
critical for ensuring patient safety and effective treatment.

It is important to note that the scope of this report is limited
explicitly to dosimetric evaluation for clinical purposes. By adopting
this standardized approach to uncertainty estimation and expression, the
report aims to enhance the quality and consistency of dosimetric
evaluations in clinical practice. This, in turn, contributes to the overall
advancement of medical radiation technologies and therapies, with a
particular emphasis on patient well-being and safety.

2.2. Radioactive Source Calibration

The activity of the radioactive source is a fundamental parameter
for dose calculations and treatment planning. However, uncertainties in
source calibration due to manufacturing variations or decay corrections
can impact the delivered dose. Various dosimetry techniques, such as
well-type ionization chambers and TLD (thermoluminescent dosime-
ters), are used to measure source activity. These methods can introduce
uncertainties from 1% to 3% (1).

The source strength for photon emitting sources in terms of Air-
KERMA strength Sk or RAKR is recommended by credible inter-
national institutions AAPM Report 21, ICRU (6), and IAEA (7). The
uncertain source strength calibration of the radioactive source was esti-
mated at 1.5 % (K=1) for high dose rate (8). Upon receipt, the activity
of all sources must be measured using a local well-type chamber and
then cross-referenced with the manufacturer's certificate of source
strength. Should the measured activity surpass the specified tolerance
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level, an alternative measuring system must be employed until the
underlying reason for the deviation is fully understood and explained.
This process ensures that accurate measurements are obtained and
guarantees the safety and reliability of the sources utilized in various
applications. Regular calibration and verification of the measuring sys-
tems should also be conducted to ensure their precision and adherence
to established standards.

Figure 1 presents the after-loading unit and the well-type ion
chamber with the transport wire.

Figure 1. The after-loading unit and well-type ion chamber

After measuring the sources ' activity, the results obtained from
the well chamber with radioactive source 1r'%, need to be carefully
assessed. The measurements should then be compared against the
manufacturer's provided certificate of source strength for IR192.
Suppose the measured activity falls within an acceptable tolerance level
specified by the manufacturer. In that case, it indicates that the source
strength is in line with the expected values, and the sources can be used
with confidence.

2.3. Position of radioactive source

Robust QA and QC programs are essential to ensure the accuracy
and reliability of brachytherapy treatments. However, uncertainties in
measurement techniques, instrument calibration, and environmental
factors can impact the accuracy of QA and QC measurements.
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Comprehensive QA and QC protocols can help minimize uncertainties,
with studies reporting uncertainties of around 1% to 3% (2). Accurate
placement of the radioactive source within the treatment site is critical
for achieving optimal dose distribution. Source position uncertainties
arise from imaging modalities, applicator reconstruction, and manual
positioning limitations. Studies have shown that uncertainties in source
position can range from 1 mm to 3 mm (9).

Figure 2-b. Irradiation of GAFchromic film for specific positions of
radioactive source

Daily quality control is crucial for precisely positioning radio-
active sources, especially in medical settings. Image-guided procedures
and real-time imaging minimize uncertainties. Figure 2-a shows the use
of a ruler to visualize, verify, and calibrate the source, ensuring accu-
racy. Regular quality control guarantees optimal treatment outcomes by
accurately placing the source. Healthcare providers use advanced ima-
ging to monitor the position during treatment, making real-time adjust-
ments if needed. The ruler-based visualization confirms correct place-
ment, allowing calibration if necessary. This approach enhances effecti-
veness and safety in radiation therapy and other radioactive source
procedures.

Regular QA and QC checks, calibration, and intercomparison of
measurement devices can contribute to uncertainty reduction. Accurate
source positioning of the catheter is crucial before each treatment. A
simple device with a dummy source (Figure 2-a) can be used alongside
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embedded distance markers for precise reference (x0.1 mm). An auto-
radiograph of the source on film (Figure 2-b) must be performed. Du-
ring commissioning, this process should be conducted for every channel
and transfer tube to ensure reliable and safe radiation therapy. Regular
verification is essential to maintain consistency and quality standards.

2.4. Applicator types

A crucial aspect in the Image-Guided Adaptive Brachytherapy
(IGABT) is the meticulous selection of applicators. Before deciding on
a specific applicator for each patient, thorough consideration of all
clinical and technical factors is essential. The appropriate choice of an
applicator significantly impacts tumor dose coverage, directly influen-
cing rates of local disease control (10). An ideal applicator should
conform maximally to the tumor's shape and volume, while also adhe-
ring to standardized specifications, ensuring efficient and consistent
physical properties for successive implants (10,11).

The process of picking up applicators demands careful attention,
as it involves fulfilling specific requirements. By approaching this task
diligently, we ensure that the applicators are utilized safely and
accurately during medical procedures, adhering to the necessary
standards and protocols. This meticulous approach is essential to
minimize the risk of errors and to maintain the highest quality of patient
care. The dosimetric evaluation is presented on Figure 3.a for ring and
3.b for tandem applicator.

In contrast, the use of an inappropriate applicator or its improper
placement can result in inadequate tumor coverage, which cannot be
compensated for through optimization. This leads to reduced local
disease control and lower disease-free survival rates. Attempts to
enhance coverage through optimization might even lead to hazardous
hot spots and increased toxicities (11,12). Therefore, the significance of
proper applicator selection and positioning cannot be overstated, as they
play a crucial role in the success and safety of IGABT treatments. It is
imperative to prioritize meticulous planning and evaluation to achieve
optimal treatment outcomes and minimize potential risks for the patient.
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Figure 3. Radiation dose on GAFchromic film, a) for ring applicator and b)
for tandem applicators

Accurate applicator reconstruction is crucial in IGABT, as even a
1 mm displacement can lead to a 5-6% change in mean DVH
parameters (13). Precise placement is essential for effective treatment
and minimizing uncertainties. In brachytherapy, applicators can be
reconstructed either manually or through library applicators. A
comparison of both methods showed that they have a limited impact on
the calculated dose. However, using the library method resulted in
smaller standard deviations, indicating a lower probability of errors and
uncertainties. This suggests that the library applicator approach is more
reliable and offers increased accuracy in dose calculations during
brachytherapy procedures.

2.5. Dose Calculation algorithm

Brachytherapy applicators are available in various shapes and
materials, each designed for specific treatment sites. Differences in
material density and design can introduce uncertainties in dose
distributions. Monte Carlo simulations and dosimetric measurements
have shown that these uncertainties can vary from 2% to 5% depending
on the applicator type and treatment site (14). Careful selection and
commissioning of applicators are essential to minimize uncertainties.

Applicator commissioning is a crucial step that ensures the
accurate positioning of source positions relative to the applicator. This
verification is achieved through techniques like auto-radiography and
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imaging. Sectional imaging, especially CT imaging, is commonly
utilized during commissioning due to its optimal capabilities (CT slides
must be <5mm) . The valuable data obtained from the commissioning
process can be stored as library applicators, serving as reliable
references for future treatments and enhancing the precision and safety
of brachytherapy procedures. Other sources of uncertainty include
patient anatomy variations, treatment planning algorithms, and dose
calculation models. Patient-specific uncertainties, such as organ motion
and density variations, can lead to deviations in dose delivery.
Additionally, uncertainties associated with the TPS algorithms and dose
calculation models can range from 2% to 5% (15). Addressing these
uncertainties requires adaptive treatment strategies and rigorous
patient-specific QA processes.

Regular checks of applicators are crucial due to their high
frequency of use and exposure to handling, cleaning, and sterilization.
Periodic inspection and radiographic evaluation are necessary to ensure
their reliability and safety during medical procedures. Otherwise,
failing to conduct regular checks of applicators increases the likelihood
of enlarging uncertainties. Regular inspections and evaluations help
mitigate potential risks, ensuring the reliability and safety of medical
procedures and minimizing uncertainty in treatment outcomes.

3. CONCLUSIONS

Brachytherapy remains a powerful treatment modality, but its
success relies on managing uncertainties in various aspects of the treat-
ment process. The evaluation of uncertainty reveals that each element
contributes to the overall uncertainty in brachytherapy procedures like
radioactive source calibration (1-3%), source position (1-3%), appli-
cator types (5-6%), and dose calculation algorithm (2-5%) contributes
to an estimated total uncertainty of approximately 9 % to 17% in dose
delivery.

To reduce these uncertainties and enhance treatment precision
and safety, several actions can be taken:

e Regular calibration and quality assurance checks of the
radioactive source, dosimetry equipment, and treatment planning
systems.

e Implementing image-guided procedures and real-time imaging
during treatment to improve source positioning accuracy.
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e Commissioning and thorough testing of applicators for specific
treatment sites to ensure accurate dose distributions.

By diligently addressing and mitigating uncertainties, the
brachytherapy community can provide more reliable and effective
treatments, improving patient outcomes and enhanced quality of life.

To enhance the safety level of brachytherapy treatment, medical
physicist staff to possess a high level of knowledge and be equipped
with adequate instruments. Their expertise and proper tools are crucial
in ensuring the safe and effective administration of brachytherapy
procedures.



Research 27 Kérkime 49

4. REFERENCES

Nath R, Anderson LL, Luxton G, Weaver KA, Williamson JF,
Meigooni AS. Dosimetry of interstitial brachytherapy sources:
recommendations of the AAPM Radiation Therapy Committee Task
Group No. 43. American Association of Physicists in Medicine. Med
Phys. 1995 Feb;22(2):209-34.

Kry SF, Bednarz B, Howell RM, Dauer L, Followill D, Klein E, et al.
AAPM TG 158: Measurement and calculation of doses outside the
treated volume from external-beam radiation therapy. Med Phys. 2017
Oct;44(10):e391-429.

Giacomo P. News from the BIPM. Metrologia. 1981 Apr;17(2):69.

ISO [Internet]. 2023 [cited 2023 Jul 24]. ISO - International
Organization for Standardization. Available from:
https://www.iso.org/home.html

NIST [Internet]. 2023 [cited 2023 Jul 24]. National Institute of
Standards and Technology. Available from: https://www.nist.gov/

ICRU Report 38, Dose and Volume Specification for Reporting
Intracavitary Therapy in Gynecology — ICRU [Internet]. [cited 2023 Jul
24]. Available from: https://www.icru.org/report/dose-and-volume-
specification-for-reporting-intracavitary-therapy-in-gynecology-
report-38/

Calibration of Photon and Beta Ray Sources Used in Brachytherapy
[Internet]. Vienna: INTERNATIONAL ATOMIC ENERGY AGEN-
CY; 2002. (TECDOC Series). Available from: https://www.iaea.org/-
publications/6474/calibration-of-photon-and-beta-ray-sources-used-in-
brachytherapy

DeWerd LA, Ibbott GS, Meigooni AS, Mitch MG, Rivard MJ, Stump
KE, et al. A dosimetric uncertainty analysis for photon-emitting
brachytherapy sources: Report of AAPM Task Group No. 138 and
GEC-ESTRO: AAPM TG-138 and GEC-ESTRO brachytherapy
dosimetry uncertainty recommendations. Med Phys. 2011 Jan
14,38(2):782-801.

Nag S. Brachytherapy for prostate cancer: summary of American
Brachytherapy Society recommendations. Semin Urol Oncol. 2000
May;18(2):133-6.

10. Elledge CR, LaVigne AW, Bhatia RK, Viswanathan AN. Aiming
for 100% Local Control in Locally Advanced Cervical Cancer: The
Role of Complex Brachytherapy Applicators and Intraprocedural
Imaging. Semin Radiat Oncol. 2020 Oct;30(4):300-10.



50

Research 27 Kérkime

11.

12.

13.

14.

15.

Banerjee R, Kamrava M. Brachytherapy in the treatment of cervical
cancer: a review. Int J Womens Health. 2014 May 28;6:555-64.

Viswanathan AN, Beriwal S, De Los Santos J, Demanes DJ, Gaffney
D, Hansen J, et al. The American Brachytherapy Society Treatment
Recommendations for Locally Advanced Carcinoma of the Cervix Part
I1: High Dose-Rate Brachytherapy. Brachytherapy. 2012;11(1):47-52.

Tanderup K, Hellebust TP, Lang S, Granfeldt J, Potter R, Lindegaard
JC, et al. Consequences of random and systematic reconstruction
uncertainties in 3D image based brachytherapy in cervical cancer.
Radiother Oncol. 2008 Nov 1;89(2):156-63.

Gray T, Bassiri N, David S, Patel DY, Stathakis S, Kirby N, et al. A
detailed Monte Carlo evaluation of 192Ir dose enhancement for gold
nanoparticles and comparison with experimentally measured dose
enhancements. Phys Med Biol. 2020 Jul 6;65(13):135007.

Njeh CF. Tumor delineation: The weakest link in the search for
accuracy in radiotherapy. J Med Phys Assoc Med Phys India.
2008;33(4):136-40.



Research 27 Kérkime 51

Burim Uka, Sefer Avdiaj, Gazmore Bardhi, Gézim Hodolli

VLERESIMI | GABIMIT KLINIK NE PROCEDURAT E
BRAKITERAPISE: APLIKIMET GJINEKOLOGIJIKE

Pérmbledhje

Brakiterapia luan njé rol ky¢ né radioterapiné moderne, ofrojné trajtim
té orientuar dhe efektiv pér kanceret e ndryshme. Suksesi i brakiterapisé varet
shumé nga minimizimi i papércatueshmérive né procesin e trajtimit pér té
siguruar dorézimin e sakté té dozés né tumor dhe ruajtjes sé indeve té shén-
dosha. Kjo puné ka pér géllim té vlerésojé né ményré té ploté burimet e
papércatueshmérisé né procedurat e brakiterapisé, duke pérfshiré kalibrimin e
burimit radioaktiv, pozicionin e burimit radioaktiv, llojet e aplikatoréve dhe
algoritmin e llogaritjes sé dozés. Nga té gjeturat u vértetua se papércaktue-
shméria mesatarisht éshté rreth 10%. Gjithashtu, né kété hulumtim do té
diskutohen strategjité pér reduktimin e kétyre papércaktésive dhe pér té
pérmirésuar precizionin dhe siguriné e trajtimit.

Bazuar né pérfundimet: Brakiterapia mbetet njé modalitet i fugishém i
trajtimit, por suksesi i saj varet nga menaxhimi i papércaktueshmérive né
aspekte té ndryshme té procesit té trajtimit. Vlerésimi i tyre tregon se ¢do
element kontribuon né papércaktueshmériné e pérgjithshme né procedurat e
brakiterapisé. Kalibrimi i burimit radioaktiv, pozicioni i burimit, llojet e
aplikatoréve, programet e sigurisé dhe kontrollit t& cilésisé dhe faktorét tjeré
kontribuojné sé bashku né njé papércaktési totale té& shfaqur nga 9 % deri né
17% né dorézimin e dozés.

Pér té reduktuar kéto papércaktushméri dhe pér té pérmirésuar preci-
zionin dhe siguring e trajtimit mund té ndérmerren disa veprime:

» Kalibrimi i rregullt dhe kontrolli i siguris€ s€ burimit radioaktiv,
pajisjeve té dozimeve dhe sistemeve té planifikimit té trajtimit.

* Zbatimi i procedurave me udhézime t€ imazheve dhe imazhim n€ kohé
reale gjaté trajtimit pér té pérmirésuar saktésiné e pozicionimit té burimit.

» Komisionimi dhe testimi i ploté i aplikatoréve pér vende té caktuara
té trajtimit pér té garantuar shpérndarjen e sakté té dozés.

Duke ngritur kujdesin pér uljen e papércatueshmérive, profesionistét e
brakiterapisé mund té ofrojé trajtime mé té besueshme dhe efektive, duke cuar
né pérmirésimin e rezultateve té pacientéve dhe pérmirésimin e cilésisé sé
jetés. Pér té rritur nivelin e sigurisé sé trajtimit né brakiterapi, &shté e domos-
doshme qé stafi i Fizikaneve Mjekésore té kené nivel té larté té njohurive dhe
té jené té pajisur me instrumente adekuate. Ekspertiza e tyre dhe mjete té
duhura luajné njé rol kyg né siguriné dhe efektivitetin e administrimit té
procedurave té brakiterapisé.
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THE EFFECT OF SOME INORGANIC
AND ORGANIC COMPOUNDS ON THE
EFFICIENCY OF FENTON'S PROCESS

Abstract

Surface water is exposed to chemical pollution that is emitted from a variety
of industrial processes. Considering the harms that this brings about, many
polluted water treatment methods have emerged. Fenton’s process is a method
for the destruction of organic pollutants in water media and uses hydrogen
peroxide H,0; and Fe?* to develop a highly reactive chemical species, which
oxidizes organic substances. This research studied the impact of secondary
compounds on the Fenton’s process during the degradation of a targeted
compound. The inhibitory effect on the degradation efficiency of methyl
orange (MTO), of five inorganic salts (NaHCO3, KNOs, Na;SO4, KCI) and
four organic compounds (glycine, 2-Azoaminothiazole, ascorbic acid, and,
aspartic acid) was studied. It was found that all added compounds slowed the
degradation process (although some of them had a minimal effect).
Additionally, organic compounds greatly lower the efficiency of MTO
degradation compared to the inorganics, and the inhibition of the Fenton
process depended on the chemical structure of the interfering compounds.

Key words: Fenton, organic compounds, inorganic compounds, efficiency, interference

Introduction

Water pollution is a very common problem, and it can be of various

nature, it is particularly of concern when chemicals cause the pollution.
Chemical substances can be introduced into the water environment in
many ways, as they are used for the primary purpose in a wide range of
human activities such as household products [1], agriculture [2],
medicine [3], and the industry in general [4,5]. Some chemicals are
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nutrients for the water plants, resulting in their excessive development,
which in turn leads to water body eutrophication [6], while others can be
toxic, thereby causing decay and poor growth of living organisms [7,8].

Some organic substances are degradable in the natural environ-
ment, whereas some recalcitrant organic substances persist long enough
to induce problems in organisms. To prevent the harmful effects of
chemical pollutants, the waste materials containing them must be treated
before their disposal. Various methods for pollution destruction or
separation have been developed in this regard. Separation methods such
as adsorption and membrane filtration can only remove the pollutants
from the water media or concentrate them so other techniques can further
dispose or destroy them [9-11]. The destructive methods for polluted
water treatment transform pollutants chemically, thereby removing their
toxicity [12,13]. Nowadays, there are several destructive microbio-
logical, chemical, and physicochemical methods for removing organic
pollutants from water [14]. A group of destructive methods are advanced
oxidation processes that use hydroxyl radicals "OH as an oxidizing
reagent [15-18]. Hydroxyl radicals are generated in various ways directly
in the solution containing the pollutant where they oxidize it. One of the
earliest methods to generate ‘OH is Fenton’s process, during which
hydrogen peroxide H.O. reacts with Fe?* at pH 3, producing ‘OH
(E°("OH/H20) = 2.8 V/SHE), which oxidizes organic pollutants [15,19].

H20; + Fe?* — "OH + OH" + Fe**

The Fenton process for polluted water treatment is restricted by
several factors, such as H20. and Fe?* concentration, temperature, and
pH [15,17]. But the Fenton’s process efficiency towards the oxidation
of a targeted pollutant is also expected to be affected by the presence of
other substances since there will be competition for "OH between all the
substances in the solution. This work was done to evaluate the effect of
some organic and inorganic compounds on Fenton’s process efficiency.
Methyl orange (MTO) solution was treated with Fenton’s reagent (H20>
and Fe?"), and the decrease of the concentration with time was
monitored. Then, the compounds to be tested were added in order to
observe their effect on the degradation curve of the methyl orange.

Materials and methods

All reagents were Sigma Aldrich products. The molecules tested
as interfering substances, and the methyl orange used in this work were
of purity 99% or higher. The sulphuric used for pH adjustment was 98%
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purity. Hydrogen peroxide was a 30% solution. The solutions were
prepared in distilled water, and the pH was adjusted by adding 1 M
sulphuric acid solution drops. The experiments were carried out in a
250 ml beaker under continuous stirring. The batches of methyl orange
solution, adjusted to pH 3, were put in the reaction beaker, the
interfering substance was added, then hydrogen peroxide of the pre-
calculated amount, and the iron sulfate (FeSOa) as a catalyst. Once the
Fe?* jons were added in the form of FeSO4, Fenton’s reaction started,
and samples of the solution were taken regularly at pre-set intervals to
be analyzed with a spectrophotometer. The concentrations determined
at each sample were plotted against time to construct Kinetic curves
showing the trend of methyl orange degradation during time.

Results and discussion

After determining the concentration of MTO at pre-set intervals,
it was graphed against time to reveal the decreasing trend. First, the
MTO solution alone was treated with Fenton’s reagent, which produced
a base curve where no interfering compounds were present. Then, the
following experiments were performed, adding the given interfering
compound, in several trials in increasing concentrations.

Figure 1 shows the degradation graphs of MTO in the presence of
three inorganic salts, namely NaHCO3z, KNOs, and Na.SOa. The initial
concentration of MTO (0.01 mM) starts to decrease immediately after
the addition of Fenton’s reagent due to the oxidation reaction of MTO
with "OH. In the beginning, the decrease is very fast, represented by the
steep part of the curve, as the reagents are consumed, the curve becomes
flatter until there is no change in concentration any further. When the
interfering compounds are added, the degradation reaction of MTO
decelerates, resulting in an upward shift of the curves. However, as the
bar graphs show, this only occurs at high concentrations of added salts.
A significant deceleration of the degradation is observed when NaHCO3
is added at 500 mM, KNOs3 at 1000 mM, and Na>SO4 at 300 mM. At
lower concentrations, these compounds had almost no effect on the
oxidation of MTO by "OH. The observed effect of these compounds on
MTO degradation can be explained mostly by the fact that they also
react with "OH according to the following reactions [20]:

HCO3z + ‘OH — CO3"+ H,O
NOs + ‘OH — NO3" + OH"
SO4% +*OH — S04~ + OH"
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Thus, the amount of hydroxyl radicals *OH in the solution will be
smaller, resulting in a smaller rate of MTO degradation.
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Figure 1. Degradation curves of MTO at various concentrations of
interfering substance: a) NaHCOs3, b) KNQOs, ¢) Na;SO4. [MTO]o = 0.01 mM,
[H.0;] = [Fe**] = 0.08 mM, pH = 3, Vs = 250 ml.
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Unlike the above salts, NasPOs and KCI behave very differently.
When they are added to the solution being treated by Fenton’s reagent, the
MTO degradation rate is lowered significantly, even when they are added
at very low amounts. The decrease of the degradation rate is manifested
with a significant upward shift of the reaction curves, meaning that the
reaction of the CI with "OH is faster than the previous ones.

Cl'+'OH + H" — CIO" + H20
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Figure 2. Degradation curves of MTO at various concentrations of

interfering substance: a) NasPO4 and b) KCI. [MTO]o = 0.01 mM, [H20-]
= [Fe**] = 0.08 mM, pH =3, Vs = 250 ml.

In the case of PO+, the decrease in the degradation efficiency is
a consequence of the increase of the pH of the solution when PO4* is
added. At pH higher than 3, the precipitation of Fe?* and Fe®" is highly
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accelerated, which results in a lower quantity of “OH produced, which
yet again is manifested with a lower MTO degradation rate.

Figure 3 presents the degradation plot of MTO in the presence of
glycine. Adding glycine did not influence the degradation kinetics up
to 3 mM. At 5 mM, the degradation line has a smaller gradient, whereas
at 10 mM, the complete degradation could not be reached.

001 # 10 mM 102 -
0.008 - —smM | 1097 e
S —A—3mM ?— 98 - o
€0.006 3 :
=~ 1mM g 96 -
o
= o 4
——0mMm | = 94
S0.004 - m o
5 921~
0.002 - 90 A |—|
O ‘ ‘ T ‘ 88 T T T T 1
0 10 20 30 40 o5 3 1 0
t/ min [Glycine] / mM

Figure 3. Degradation curves of MTO at various concentrations of glycine.
[MTO]Jo = 0.01 mM, [H.0;] = [Fe?'] =0.08 mM, pH = 3, Vs = 250 ml.

A very different situation arises when other organic substances
are added, namely 2-Azoaminothiazole, ascorbic acid, and aspartic
acid. The interfering effect of these compounds is detectable even at
very small concentrations, as low as 0.01 mM. In the case of 2-
Azoaminothiazole and ascorbic acid, at a concentration of 10 mM, the
degradation of MTO is almost stopped at 80%. The bar graphs indicate
a progressive lowering of degradation efficiency with the amount of
interfering compound added. The first two compounds, shown in figure
3, hamper the degradation of MTO the most. This can be explained by
their more complex structure and the types of reactions ‘OH reacts with
organic compounds [15,21]. Hydroxyl radicals react with organic
substances in three modes: abstraction of hydrogen, which results in
water molecule formation and the organic fragment, the electrophilic
addition to a non-saturated bond, and redox reaction. 2-Azoami-
nothiazole and ascorbic acida heterocyclic five-membered ring with
non-saturated bonds. This provides many ways by which hydroxyl
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radicals can react with them, resulting in a greater consumption of
oxidant, hence less MTO oxidation. Aspartic acid on the other hand,
has no ring in its structure, it is a smaller molecule, and it only has two
unsaturated bonds, thus a smaller number of ways it can react with "OH.
Similarly, it can be argued that glycine has an even simpler chemical
structure than the three other compounds studied.
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Figure 4. Degradation curves of MTO at various concentrations of organic
compounds. a) 2-Aminothiazole, b) Ascorbic acid, c) Aspartic acid. [MTO]o
= 0.01 mM, [H.0;] = [Fe**] = 0.08 mM, pH = 3, Vs = 250 ml.
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Conclusion

During the Fenton process, methyl orange could be degraded
entirely in about 20 minutes at the given H,O, and Fe?* concentration.
However, the addition of other compounds hampered the complete
degradation. The NHCO3, KNOs3, and Na,SO4 had a minimal effect,
they could barely slow the MTO degradation, even at very high
concentrations. The two remaining salts significantly reduced the
degradation efficiency. On the other hand, organic compounds had a
strong effect even at low concentrations. The more significant
inhibitory effect of organic compounds is a result of their complex
reactivity with hydroxyl radicals. One organic molecule consumes a lot
of "OH, compared to the inorganic compounds studied in this research,
which consume only one. From the results of this research,, organic
compounds have a stronger interfering effect in the degradation reaction
of chemical pollutants with Fenton’s reagent compared to inorganic
compounds. The effect will depend strongly on the chemistry of the
particular substance.
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EFEKTI | DISA KOMPONIMEVE INORGANIKE DHE
ORGANIKE NE EFIKASITETIN E PROCESIT FENTON

Pérmbledhje

Ndotja e ujit tashmé éshté njé problem shumé i zakonshém dhe serioz.
Eshté sidoms problematike ndotja e ujit me kimikate, sepse shumé prej tyre
nuk shkatérrohen né kushtet e ambientit dhe si pasojé géndrojné aty pér njé
kohé té gjaté, duke démtuar dhe shkatérruar organizmat dhe proceset bio-
ligjike. Ndotésit kimik futen né ambient né ményra té ndyshme nga proceset
industriale. Pér té pengur ndotjen e ujérave me substanca kimike, jané béré
shumé hulutime pér té gjetur metoda pér pastrimin e ujérave hedhuriné. Ndér
metodat gé pérdoren pér pastrimin e ujérave jané: adsorbimi, filtrimi
membranor, zbérdhimi mikrobiologjik i ndotésve dhe metoda té tjera kimike,
fotokimike dhe elektrokimike.

Ndér metodat kimike pér degradimin e ndotésve kimik né mjedis ujoré,
éshté procesi Fenton, i cili bén pjesé né grupin e metodave qé quhen “Metodat
e avancuara té oksidimit”. Procesi Fenton bazohet né reaksionin e peroksidit
té hidrogjenit me jonet e hekurit 1, i cili jep radikale hidroksile, té cilat kané
potencial redoks shumé té larté (E°("OH/H.0) = 2.8 V/SHE) dhe i oksidojné
substancat organike duke i shkatérruar ato. Né procesin Fenton ndikojné
shumé faktoré; pérgéndrimi i reagjentit Fenton (H.O- + Fe?*), temperatura dhe
vlera e pH. Por kur béhet fjalé pér degradimin e njé substance specifike,
ndikim pritet té kené edhe substancat dytésore prezente né tretésirén qgé
trajtohet.

Né kété hulumtim éshté studiuar ndikimi i disa substancave inorganike
dhe organike né efikasitetin e degradimit té njé komponimi model,
pérkatésisht metil oranzhit, me ané té procesit Fenton. Eksperimentet jané
realizuar né njé reaktor cilindrik né té cilin éshté vendosur tretésira e metil
oranzhit nén pérzierje té vazhdueshme dhe pH 3 (vlera optimale pér zhvillimin
e procesit Fenton). Sé pari metil oranzhi éshté degraduar me ané té procesit
Fenton si i vetém, dhe éshté ndértuar lakorja e degradimit, pra zvogélimi i
pérgéndrimit t& metil oranzhit gjaté kohés C = f(t). Pastaj jané shtuar
komponimet e studiuara dhe lakoret e fituara C = f(t) t& metiloranzhit jané
krahasuar me lakoren, kur ai éshté degraduar pa prezencén e komponimeve té
pérmendura.

Nga rezultatet e fituara éshté vérejtur gé komponimet inorganike té
studiuara, NaHCO3;, KNOs, Na,SO., NasPOs, and KCI, e pengojné mé pak
procesin Fenton né krahasim me ato organike; glicing, 2-Azoaminotiazol, acid
askorbik, dhe acid aspartik. Ngadalésimi i degradimit t& metil ornazhit éshté
pothuajse i papérfillshém né prezencén e NaHCO3, KNO3 dhe Na;SO4, ndérsa



64 Research 27 Kérkime

KCI dhe NasPO4 zvogélojné efikasitetin e degradimit t&¢ MTO né sasi 60 deri
né 68% respektivisht kur shtohen né pérgéndrime 10 mM KCI dhe 50 mM
NasPOs4. Ndryshe nga kéto, me pérjashtim té glicinés, komponimet organike
kané ndikim shumé mé té madh. Né pérgéndrime 10 mM zvogélojné
degradimin e metil ornazhit né rreth 20%. Né té gjitha rastet zvogélimi i
efikasitetit té degradimit t¢ metiloranzhit éshté pasojé e konsumimit té
radikaleve hidroksile nga komponimet konkurente.
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ADDRESSING THE IMPACT OF OCCUPANT
BEHAVIOUR ON BUILDING ENERGY
CONSUMPTION IN KOSOVO

Abstract

The current energy crisis has urged governments worldwide to take swift
action to mitigate overall energy consumption. Considering that buildings
account for around 40% of the total energy consumption, it is highly important
to focus on improving the building energy performance, which has been among
the main established strategies for sustainable development and energy
savings. Although the implementation of energy efficiency measures in
buildings is of crucial and undeniable importance, due to the time-consuming
retrofit procedures, it is important to address other easy-to-access possibilities
to reduce energy consumption in buildings. Hence, one of the main factors
influencing the energy consumption of buildings is occupant behavior and
energy efficiency awareness. Due to the lack of research regarding occupant
behavior in Kosovo, it is highly important to elicit the common behavior
tendencies of building users regarding energy usage, discuss energy efficiency
awareness, and identify possible measures to increase such awareness
nationally. This research presents a review of interdisciplinary research studies
and it provides insights into the impact of occupant behavior on the energy
consumption of buildings and the strategies used by other countries to motivate
energy behavior change. Furthermore, it discusses the possible discourse of
introducing behavioral science approaches on the national level, such as eco-
feedback, social interaction, and gamification as motivators for the energy-
efficient behavior of occupants in Kosovo. The findings and insights from the
existing literature can be used as a ground base to draft new energy policies for
energy occupant behavior in Kosovo.

Keywords: Occupant behavior, energy efficiency in buildings, behavioral
science, energy policy
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1. Introduction

The building sector, including residential and commercial buil-
dings, accounts for around 40% of the overall energy consumption [1].
Hence, buildings have a high potential for energy savings. Although
various measures can be applied to mitigate the energy consumption in
buildings, and their effect is imperative, other indicators can be , such
as the utilization of new energy-efficient technologies. However, the
investment in technologies does not suffice to guarantee low energy
consumption in buildings. Therefore, further actions are needed, such
as accounting for the impact of occupant behavior on the building’s
energy use. According to research [2], to reach the 2050 energy target
worldwide as set by the Paris agreement, behavioral-based regulations
and policies must be fostered alongside the conventional building
energy performance measures in the building sector. It is said that the
most sustainable energy is the energy not used, therefore, the most cost-
effective and swift actions toward sustainable energy could be the
energy-conscious and pro-environmental behavior change of the
building users.

Recently, the crucial role of human behavior in building energy
performance has gained increasing attention in research regarding
buildings [2]. The research trend regarding human behavior and their
role in building energy efficiency was presented in Figure 1, where
related published studies were analyzed using the VOSviewer software
[3]. The role of lifestyle and behavioral change on one side and science-
based policy on the other has been further illuminated during the
pandemic [4]. Hence, it is important to include occupant behavior as a
crucial indicator in building energy consumption and to promote
energy-aware behavioral change in occupants. However, considering
that occupants spend around 90% of their time indoors according to [5],
it is important to facilitate an optimal trade-off between the energy
consumption curtailment actions and indoor comfort conditions.
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Figure 1. The research trend regarding human behavior and its impact on
energy efficiency in buildings.

This review elaborates on the role of occupant behavior in energy
consumption in buildings by presenting research studies conducted in
this regard. Furthermore, it elicits possible interventions to mitigate
energy waste from occupants and increase energy awareness.

2. The role of occupant behavior in
energy efficiency in buildings

The impact of human behavior alteration was especially noticed
during the pandemic [6]. Several studies have shown the significant
effects behavior and lifestyle change have on energy savings in buildings.
For instance, research [7] showed that the electricity demand decreased
by 15-23% during the first lockdown in Poland due to the closure of
commercial buildings. Furthermore, a maximum of 63.5% of energy
consumption reduction in China was reported during lockdown measures
[8]. But, although the energy use in commercial buildings was reduced
during the pandemic, a shift was noticed after the ease of the pandemic
measures. Thus, as reported in [9], an increase in energy demand between
10.18%-69.48% was reported in Europe’s top five economies, such as
Rome and Paris. This resulted from different HVAC systems being used
in office buildings to ensure higher indoor air quality. Other studies that
revealed significant energy savings in buildings from behavior change
were elaborated on in [10], and some are presented in Table 1.
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Table 1. Studies including the energy-saving potential of behavioral
change in buildings

Building The type of energy considered Energy savings
o . B . T from occupant
typ Heating Cooling Electricity  Lighting behavior
(11] X X X 10-30%
[12] X 17-41%
[13] -~ X 21%
Residential
X X X 62-86%
[15] X 50%
[16] X 10%
[17] _ X X X X 23.60%
[18] Offices X X X X B0
[19] X X X 50%
[20]  University X 15-18%

From Table 1, it can be seen that the energy savings differ signi-
ficantly depending on the study, building type, and the type of energy
considered. Energy behavior highly influences heating, cooling,
lighting, and overall electricity consumption. More energy-aware choi-
ces lead to lower energy consumption, such as turning off lights when
not using the room or avoiding hidden energy waste by unplugging
devices.

Despite the role of human behavior in terms of occupant-building
interaction, the role of the human dimension in building energy
consumption is pertinent throughout the whole life cycle of buildings.
Starting from the design phase up to the operation of the buildings,
different stakeholders' roles can significantly impact buildings' energy
performance as reported in research [2]. Figure 2 shows the different
stakeholders during the life cycle of a building, namely the role of
building designers, operators and managers, policymakers, etc.

Human behavior regarding building energy consumption is
divided into adaptive and non-adaptive behavior [21]. The adaptive
behaviors represent the occupant’s efforts to adapt or adjust their indoor
environment according to their needs and preferences. This includes
adjusting the thermostat setpoints, window and blinds operation, and
using different appliances such as personal heaters, fans, etc. On the
other hand, non-adaptive behavior presents the action that occupants
exhibit regardless of the indoor conditions, e.g., occupancy, standard
use of home or office appliances, etc.



Research 27 Kérkime 69

[ Designers ]

i:]. R V, | OccupantsE

i i | Operators and Managers l

Technology Industry & Vendors l

' ' | Energy Utilities & DR Developers |

Human Dimensions - Stakeholders

l Policy Makers & Governmental Agencies I

i Construction Operation & Management

Code and Standard Regulation

Life-Cycle Phases

1-2 yrs | 1-3 yrs | 30 - 50 ¥rs
1 L)

L
- e - . . - - Not to Scal
Typical Life-Cycle for a Commercial Building (in years) =~ ¢

Figure 2. The different stakeholders during the life cycle of typical buildings [2].

This shows that the impacts of human actions affect the energy-
related outcomes of buildings in different phases. On the other hand,
research has reported on how people can influence energy consumption
in buildings in particular and sustainable energy transitions in general
[4]. Figure 3 shows the aggregated people-centered energy solutions.

Figure 3. Presenting the aspects of how people can affect energy solutions [22]
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Many studies focus on behavioral change initiatives and their
impact on energy savings. For instance, research [23] evaluated the
European behavioral change programs for 11 countries, and research
[24] presented a thorough literature review on the use of behavioral
science theories to analyze the energy behavior of occupants. They
introduced the DNA (drivers, needs, and actions) framework to
categorize the drivers of occupant behavior, the needs, and the actions
that were taken by the occupants in 130 published studies. Research
[25] elaborates on the impact of energy behavior by using micro-
economic theories to identify the indicators and implications of energy
behavior change.

3. Occupant behavior-related energy policies

The energy-related impact of buildings generally is directed
through policies, standards, regulations, and incentives from policy-
makers and governmental agencies. Furthermore, more cause-specific
programs and initiatives, such as behavioral-related energy efficiency
programs and initiatives, are introduced as well in the policy domain
[25]. These are considered among the most cost-effective energy effi-
ciency strategies [16]. Such regulations can be applied for individual
and collective behavioral changes to achieve energy efficiency goals in
buildings and the sustainable energy transition.

In recent years, due to the pandemic and global political develop-
ments, these significant events resulted in increased energy demand and
a surge in energy prices. This influenced policymaking worldwide to
primarily focus on short-term and swift solutions and leave the
sustainable energy transition plans secondary. To ease the economic
implications, especially for low-income consumers, some EU Member
states introduced support mechanisms such as tax exemptions [26].
However, the development of occupant behavior policies needs special
consideration from the policymakers and a detailed understanding of
human-dependent energy efficiency measures and their corresponding
limits. Hence, when introducing such policies and regulations, it is
essential to estimate their acceptability by occupants [27].

The actions from policymakers and government agencies are
exhibited through awareness and informational campaigns, promotion
of technology investments to increase the energy-consciousness at a
building and urban level, and translating actions into regulatory norms
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and standards to reduce energy consumption from occupant behavior.
Furthermore, policymakers need to structure initiatives and design
interventions by leveraging multidisciplinary knowledge from the tech-
nical viewpoint and the social science aspect. For instance, extracting
knowledge from building science, behavioral science, social science,
psychology, data science, building automation, and design and inter-
twining these aspects can lead to better-informed decisions.

Drawing from social sciences, the interventions that can influence
occupant behavior individually or collectively are eco-feedback, social
interaction, and gamification [10]. Eco-feedback is important as it in-
forms informinginforms informed occupants of the consequences of
their actions in real real-time so that they canmake more informed choi-
ces. Social interactions enable comparison among peers or communities
so that the social norm influences them to lower energy consumption.
Lastly, gamification is used to reduce energy consumption by engaging
occupants in actions such as playful competitions. However, the long-
lasting effect of such measures still needs further exploration.

3.1. Energy behavior-related strategies in Kosovo

Occupant behavior accounts for a significant share of the perfor-
mance gap between actual and planned energy consumption in buil-
dings [28]. Hence, including this factor in the computation of building
energy consumption is important. Considering that energy performance
in Kosovo’s buildings is mainly conducted with traditional physics-ba-
sed approaches and rarely uses advanced modeling and simulation tools
that can incorporate the human dimension as well, the actual energy
consumption of buildings in Kosovo is much higher than the planned
consumption.

Depending on the approach, policy strategies can be established as
persuasive instruments through education or communication initiatives,
incentives through price reduction or tax policies, or more coercive
interventions by setting limits or bans [29]. Although there have been
several attempts to promote energy awareness through governmental
actions, they have not resulted in long-lasting behavioral changes. For
instance, Kosovo institutions introduced an initiative to subsidize
households’ energy consumption if their energy consumption is lower in
September 2022 compared to September of the previous year, 2021.
Although it presents a positive incentive, the results showed that the
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energy consumption was 5% higher than the previous year [30]. However
these results could have been influenced by many factors, and no research
was conducted on individual households to estimate the impact of this
initiative. Furthermore, other initiatives presented by the government we-
re subsidizing households for energy-efficient appliances such as heat
pumps [31]. Additionally, the government introduced many energy-sa-
ving regulations in September 2022 [32], including switching lights off,
lowering indoor temperature setpoints, etc.

The lack of energy-related research in Kosovo in general, and
regarding occupant behavior presents explicitly a gap that needs to be
addressed. For instance, there is no evidence of the drivers or motivators
that would influence positive energy behavior for Kosovo citizens. Similar
studies were conducted in Romania [33] and Turkey [34], which resulted
in identifying drivers that motivate people towards energy-saving actions
and help policymakers make informed decisions. Furthermore, there is a
shortage of occupant-related studies such as on their intentions to adopt
energy efficiency measures, use new technologies, and engage in pro-
environmental and energy-aware actions.

Although currently, the driving force towards altered energy
behavior is the increase in energy prices in the energy market, other indi-
cators could have an impact as well. For instance, the increase of energy
awareness in Kosovo would lead to energy-conscious choices by occu-
pants, consequently resulting in lower energy use and less environmental
impact [2]. This would enable the energy demand to gravitate towards
more responsible and sustainable transformations to meet the user’s
needs [35]. For example, informing occupants on the importance of peak
shaving by offsetting their daily chores to periods with less energy
demand would enable less energy overload and lower costs for them as
consumers. This can be tackled by emphasizing the importance of energy
saving, conscious energy use, and the role of occupants in the school
curricula, starting from elementary schools in science courses up to high
schools [36]. Youth are known to be change agents, and considering that
Kosovo is among the countries with the youngest population, the energy
behavior change should start from the youth. Furthermore, the awareness
campaigns should be expanded at the local and national levels. However,
it is always important to convey the information comprehensively to
occupants of different backgrounds.

Another solution would present the application of interventions

on a community, local, or broader level. By using eco-feedback either
on an individual level or by comparing energy usage among consumers,
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healthy competition would lead to reducing energy consumption. This
can also be expanded into a gamification approach among communities
[37], [38]. This can be enabled by stakeholders such as energy providers
or policymakers.

4. Discussion

Despite the crucial importance of technical energy efficiency
interventions in buildings, it is highly important to focus on the changes
in human behavior simultaneously. According to [39], merging occu-
pant behavior changes and building improvements can reach up to 75-
95% of building energy consumption reduction. In times of need, when
swift actions are necessary, immediate and low-cost responses can only
be sought from occupant energy behavior. The energy saving in buil-
dings can result from individual or collective behavior change. The
impact of collective behavior during the pandemic [4] was reported as
an excellent example of collective change toward a sustainable energy
transition.

The inner dynamic nature of occupant energy behavior can only
be tackled and elucidated by a multidisciplinary approach. Hence, when
introducing new policies, regulations, or initiatives, it is important to
informed decisions, thoroughly examined actions, not just popular
ones, and test the acceptability rates of proposed actions as mentioned
in [40].

Hence the findings and recommendations regarding energy
behavior and related energy policies are:

- Increasing energy awareness and energy literacy by emphasizing
the importance of energy savings actions in schools and through
growing awareness programs,

- Introducing interventions that have been proven to be efficient
solutions toward action change, such as eco-feedback, social
interaction, and gamification,

- More energy behavior-related research studies will help make
more informed decisions.

- Energy behavior-related policies should be carefully structured,
well-informed, and properly conveyed,

- Different stakeholders in the building sector should be addressed
in introduced policies through the building life cycle.



74 Research 27 Kérkime

- Synergies between different fields should be sought when
structuring energy behavior policies and actions for a well-
rounded approach,

- Transfer learning of existing policies successfully implemented
in other countries should be adopted.

Future studies need to focus on comprehensive qualitative and
quantitative research on occupant behavior in Kosovo by
including a diverse set of buildings, from different regions within
the country including diverse demographics.

5. Conclusion

This review paper discusses the impact of occupant behavior on
the building’s energy performance and possible actions to mitigate
energy consumption. The impact was reported to vary significantly
among studies and depending on the building type, considered energy
type, and location. Furthermore, existing strategies and regulations
were presented, and recommendations were given to increase general
awareness of the crucial role of occupants in buildings in Kosovo.
Among Kosovo's most used energy policies include incentives and
regulations communicated as directives. Further interventions to initiate
energy behavior change should be explored, such as eco-feedback,
social interventions, and gamification, which could be viable short-term
or long-term solutions.



Research 27 Kérkime 75

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

References

J. Ngarambe, G. Y. Yun, and M. Santamouris, “The use of artificial
intelligence (Al) methods in the prediction of thermal comfort in
buildings: energy implications of Al-based thermal comfort controls,”
Energy and Buildings, vol. 211, p. 109807, Mar. 2020.

S.D’Oca, T. Hong, and J. Langevin, “The human dimensions of energy
use in buildings: A review,” Renewable and Sustainable Energy
Reviews, vol. 81, pp. 731-742, Jan. 2018,

N. J. van Eck and L. Waltman, “Software survey: VOSviewer, a
computer program for bibliometric mapping,” Scientometrics, vol. 84,
no. 2, pp. 523-538, Aug. 2010.

B. Zakeri et al., “Pandemic, War, and Global Energy Transitions,”
Energies, vol. 15, no. 17, Art. no. 17, Jan. 2022.

J. Zhao, B. Lasternas, K. P. Lam, R. Yun, and V. Loftness, “Occupant
behavior and schedule modeling for building energy simulation through
office appliance power consumption data mining,” Energy and
Buildings, vol. 82, pp. 341-355, Oct. 2014.

P.Jiang, Y. V. Fan, and J. J. Klemes, “Impacts of COVID-19 on energy
demand and consumption: Challenges, lessons and emerging
opportunities,” Applied Energy, vol. 285, p. 116441, Mar. 2021, doi:
10.1016/j.apenergy.2021.116441.

M. Malec, G. Kinelski, and M. Czarnecka, “The Impact of COVID-19
on Electricity Demand Profiles: A Case Study of Selected Business
Clients in Poland,” Energies, vol. 14, no. 17, Art. no. 17, Jan. 2021.

Y. Su, H. Cheng, Z. Wang, and L. Wang, “Impacts of the COVID-19
lockdown on building energy consumption and indoor environment: A
case study in Dalian, China,” Energy and Buildings, vol. 263, p.
112055, May 2022.

N. D. Cortigos and C. C. Duarte, “Energy efficiency in large office
buildings post-COVID-19 in Europe’s top five economies,” Energy for
Sustainable Development, vol. 68, pp. 410-424, Jun. 2022.

A. Paone and J.-P. Bacher, “The Impact of Building Occupant Behavior
on Energy Efficiency and Methods to Influence It: A Review of the
State of the Art,” Energies, vol. 11, no. 4, Art. no. 4, Apr. 2018.

H. Jang and J. Kang, “A stochastic model of integrating occupant
behaviour into energy simulation with respect to actual energy
consumption in high-rise apartment buildings,” Energy and Buildings,
vol. 121, pp. 205-216, Jun. 2016.

D. Cali, T. Osterhage, R. Streblow, and D. Miiller, “Energy
performance gap in refurbished German dwellings: Lesson learned



76

Research 27 Kérkime

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

from a field test,” Energy and Buildings, vol. 127, pp. 1146-1158, Sep.
2016.

H. Kazmi, S. D’Oca, C. Delmastro, S. Lodeweyckx, and S. P. Corgnati,
“Generalizable occupant-driven optimization model for domestic hot
water production in NZEB,” Applied Energy, vol. 175, pp. 1-15, Aug.
2016.

H. Ben and K. Steemers, “Energy retrofit and occupant behaviour in
protected housing: A case study of the Brunswick Centre in London,”
Energy and Buildings, vol. 80, pp. 120-130, Sep. 2014.

R. K. Jain, R. Gulbinas, J. E. Taylor, and P. J. Culligan, “Can social
influence drive energy savings? Detecting the impact of social influence
on the energy consumption behavior of networked users exposed to
normative eco-feedback,” Energy and Buildings, vol. 66, pp. 119-127,
Nov. 2013, doi: 10.1016/j.enbuild.2013.06.029.

R. K. Jain, J. E. Taylor, and P. J. Culligan, “Investigating the impact
eco-feedback information representation has on building occupant
energy consumption behavior and savings,” Energy and Buildings, vol.
64, pp. 408-414, Sep. 2013.

E. Azar and C. C. Menassa, “A comprehensive analysis of the impact
of occupancy parameters in energy simulation of office buildings,”
Energy and Buildings, vol. 55, pp. 841-853, Dec. 2012.

S. Karjalainen, “Should we design buildings that are less sensitive to
occupant behaviour? A simulation study of effects of behaviour and
design on office energy consumption,” Energy Efficiency, vol. 9, no. 6,
pp. 1257-1270, Dec. 2016.

A. Keyvanfar, A. Shafaghat, M. Z. A. Majid, H. Lamit, and K. N. Ali,
“Correlation Study on User Satisfaction from Adaptive Behavior and
Energy Consumption in Office Buildings,” Jurnal Teknologi, vol. 70,
no. 7, Art. no. 7, Oct. 2014.

J. Du and W. Pan, “Evaluating energy saving behavioral interventions
through the lens of social practice theory: A case study in Hong Kong,”
Energy and Buildings, vol. 251, p. 111353, Nov. 2021.

T. Hong, D. Yan, S. D’Oca, and C. Chen, “Ten questions concerning
occupant behavior in buildings: The big picture,” Building and
Environment, vol. 114, pp. 518-530, Mar. 2017.

A. Meston, “Transformations within reach: Pathways to a sustainable
and resilient world,” International Science Council, Jan. 25, 2021.
https://council.science/current/press/transformations-within-reach-
pathways-to-a-sustainable-and-resilient-world/ (accessed Oct. 12,
2022).



Research 27 Kérkime 77

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

L. Gynther, I. Mikkonen, and A. Smits, “Evaluation of European energy
behavioural change programmes,” Energy Efficiency, vol. 5, no. 1, pp.
67-82, Feb. 2012.

T. Hong, S. D’Oca, S. C. Taylor-Lange, W. J. N. Turner, Y. Chen, and
S. P. Corgnati, “An ontology to represent energy-related occupant
behavior in buildings. Part 11: Implementation of the DNAS framework
using an XML schema,” Building and Environment, vol. 94, pp. 196—
205, Dec. 2015.

V. Oikonomou, F. Becchis, L. Steg, and D. Russolillo, “Energy saving
and energy efficiency concepts for policy making,” Energy Policy, vol.
37,no. 11, pp. 4787-4796, Nov. 2009.

J. Liboreiro, “Why Europe’s energy prices are soaring and could get
much worse,” euronews, Oct. 28, 2021. https://www.euronews.-
com/my-europe/2021/10/28/why-europe-s-energy-prices-are-soaring-
and-could-get-much-worse (accessed Oct. 12, 2022).

A. Ziegler, “The Relevance of Attitudinal Factors for the Acceptance
of Energy Policy Measures: A Micro-econometric Analysis,”
Ecological Economics, vol. 157, pp. 129-140, Mar. 2019, doi:
10.1016/j.ecolecon.2018.11.001.

W. Chung, “Review of building energy-use performance benchmarking
methodologies,” Applied Energy, vol. 88, no. 5, pp. 1470-1479, May
2011, doi: 10.1016/j.apenergy.2010.11.022.

M. Economidou et al., “How to Design an Effective National Energy
Efficiency Strategy: Lessons Learned from EU Policies.” Rochester,
NY, Feb. 16, 2022. doi: 10.2139/ssrn.4025729.

K. Energy, “Buzhala: Konsumi né shtator ishte 5% mé i larté se vitin e
kaluar, fushtat nuk po sjellin rezultate,” Kosovo.energy, Oct. 12, 2022.
https://kosovo.energy/buzhala-konsumi-ne-shtator-ishte-5-me-i-larte-
se-vitin-e-kaluar-fushtat-nuk-po-sjellin-rezultate/ (accessed Oct. 12,
2022).

“Thirrje publike pér subvencionim té€ eficienc€s s€ energjisé pér
qytetarét - Lajmet - Ministria e Ekonomis€.” https://me.rks-
gov.net/sg/lajmet/thirrje-publike-per-subvencionim-te-eficiences-se-
energjise-per-qytetaret--4704 (accessed Oct. 12, 2022).

“Merret vendim pé€r masa emergjente energjetike pér institucione
publike dhe subvencionim té faturave - Lajmet - Ministria e
Ekonomis€.” https://me.rks-gov.net/sg/lajmet/merret-vendim-per-ma-
sa-emergjente-energjetike-per-institucione-publike-dhe-
subvencionim-te-faturave (accessed Oct. 12, 2022).

V. M. Dinca, M. Busu, and Z. Nagy-Bege, “Determinants with Impact
on Romanian Consumers’ Energy-Saving Habits,” Energies, vol. 15,
no. 11, Art. no. 11, Jan. 2022.



78

Research 27 Kérkime

[34]

[35]

[36]

[37]

[38]

[39]

[40]

B. Duzgun, M. A. Koksal, and R. Bayindir, “Assessing drivers of
residential energy consumption in Turkey: 2000-2018,” Energy for
Sustainable Development, vol. 70, pp. 371-386, Oct. 2022.

F. Creutzig et al., “Demand-side solutions to climate change mitigation
consistent with high levels of well-being,” Nat. Clim. Chang., vol. 12,
no. 1, Art. no. 1, Jan. 2022.

J. J. B. R. Aruta, “Science literacy promotes energy conservation
behaviors in Filipino youth via climate change knowledge efficacy:
Evidence from PISA 2018,” Australian Journal of Environmental
Education, pp. 1-12, Mar. 2022.

J. Iria et al., “A gamification platform to foster energy efficiency in
office buildings,” Energy and Buildings, vol. 222, p. 110101, Sep.
2020.

I. C. Konstantakopoulos, A. R. Barkan, S. He, T. Veeravalli, H. Liu,
and C. Spanos, “A deep learning and gamification approach to
improving human-building interaction and energy efficiency in smart
infrastructure,” Applied Energy, vol. 237, pp. 810-821, Mar. 2019.

M. Schweiker and M. Shukuya, “Comparative effects of building
envelope improvements and occupant behavioural changes on the
exergy consumption for heating and cooling,” Energy Policy, vol. 38,
no. 6, pp. 2976-2986, Jun. 2010.

S. Kitt, J. Axsen, Z. Long, and E. Rhodes, “The role of trust in citizen
acceptance of climate policy: Comparing perceptions of government

competence, integrity and value similarity,” Ecological Economics,
vol. 183, p. 106958, May 2021..



Research 27 Kérkime 79

Arlinda Bresa, Bedri Dragusha

ADRESIMI | NDIKIMIT TE SJELLJES SE NJEREZVE NE
KONSUMIN ENERGJETIK TE NDERTESAVE NE KOSOVE

Pérmbledhje

Kriza energjike ka nxitur reagime té shpejta nga geverité pér té
zvogéluar konsumin e pérgjithshém té energjisé. Meqgé sektori i ndértesave
gshté ndér konsumuesit mé t& médhenj té energjisé, me njé pjesémarrje né
pérgindje prej 40%, éshté shumé e réndésishme qé té pérmirésohet perfor-
manca energjetike e ndértesave. Edhe pse rritja e performancés energjetike né
objekte éshté pa diskutim ndér ményrat mé efikase pér ruajtjen energjisé dhe
gshté ndér strategjité mé té pérdorura pér zhvillim té géndrueshém, aplikimi i
masave energji eficiente kérkon shumé kohé, prandaj, kérkohen zgjidhje mé
té shpejta pér uljen e konsumit té energjisé. Pérve¢ shkallés sé eficiencés sé
objektit, dihet gé njé ndér ndikuesit pér té médhenj té& konsumit té energjisé né
objekte éshté edhe sjellja apo zakonet e konsumit té energjisé té banoréve. Pér
shkak té mungesés sé hulumtimeve lidhur me sjelljen e banoréve né Kosové
sa i pérket konsumit té energjisé dhe vetédijesimit energjetik, éshté shumé e
réndésishme gé té analizohen tendencat e pérgjithshme té njerézve pér konsum
té energjisé, té diskutohet vetédijesimi i pérgjithshém sa i pérket konsumit té
energjisé dhe té identifikohen masat e mundshme pér rritjen e nivelit nacional
té kétij vetédijesimi. Ky punim revial paraget njé pérmbledhje té literaturés
ndérdisiplinore ekzistuese, duke theksuar ndikimin e sjelljes sé njerézve né
konsumin energjetik té objekteve dhe strategjité ekzistuese té shteteve tjera
dhe té Kosovés pér motivimin e banoréve pér ndryshim té sjelljeve né sjellje
pro-energji eficiente. Po ashtu, ky punime shtjellon mundésiné e aplikimit té
metodave té shkencave shogérore e bihevioriste si¢ jané “eco-feedback”, ndér-
veprimi social, gamifikimi etj. Gjetjet nga ky punim jané té réndésishme pér
shpalosjen e ményrave pér hartimin e politikave té reja energjetike né nivel té
vendit pér zvogélim té konsumit energjetik nga banorét. Disa nga gjetjet dhe
rekomandime nga literatura e shqyrtuar né kété punim jané:

— Riritja e vetédijes dhe njohurive té pérgjithshme mbi konsumin ener-
gjetik duke theksuar réndésiné energjetike dhe mjedisore té veprimeve
té njerézve né objekte, duke filluar gé né vitet e hershme té shkollés
pérmes fushatave vetédijesuese.

— Aplikimi i intervenimeve gé kané rezultuar té suksesshme né shtetet
tjera si¢ €shté “eco-feedback™ (njoftimi i banoréve se si sjellja e tyre
ndikon pozitivisht apo negativisht né mjedis), si dhe intervenime té tjera
si ndérveprimi social apo gamifikimi.
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— Né Kosové mungojné hulumtime lidhur me ndikimin e sjelljeve
njerézore né energjetiké, prandaj éshté e réndésishme té rritet fokusi né
hulumtime té tilla.

— Politikat apo strategjité energjetike gé lidhen drejtpérdrejté me sjelljet
e njerézve, duhet t& hartohen me kujdes té shtuar, té jené té miré-
informuara dhe té béhet shpérndarja adekuate e informatave.

— TE& krijohet sinergji né mes té fushave t& ndryshme pér koordinim kur
béhet hartimi i politikave energjetike gé lidhen me sjelljen e njerézve
gé té konsiderohen aspekte té ndryshme gjithépérfshirése.



620.3:620.193(05)

Avni Berisha*!

NANOSCOPIC GUARDIANS: SILVER
NANOPARTICLES IN PROTECTION OF METALS AND
ALLOYS AGAINST CORROSION. A REVIEW

Abstract

Corrosion, a global economic burden, has an influence on various industries,
including automotive, construction, aerospace, and oil and gas, resulting in
production delays and additional costs. This study focuses on the role of
nanomaterials, namely silver nanoparticles, in corrosion prevention. Nano-
materials have different physicochemical properties and are useful in a variety
of fields, including manufacturing, environmental preservation, healthcare,
agriculture, and food sector improvements. Because of their well-known anti-
bacterial and adsorption properties, silver nanoparticles are being studied for
their potential in corrosion prevention. Biological methods, such as the use of
plant extracts, are being investigated as a sustainable and environmentally
benign option for synthesis processes. Silver nanoparticles are employed as
corrosion inhibitors in various applications, highlighting their versatility and
effectiveness in corrosion protection.

Keywords: corrosion protection, silver nanoparticles, nanomaterials, corrosion
inhibitor.

Introduction

Corrosion can be described as the gradual deterioration of a material
due to chemical interactions with its immediate environment. The impact
of corrosion on metallic structures carries substantial implications for the
global economy. As per projections by the World Corrosion Organization
(WCOQ), the present global economic burden attributable to corrosion,
often referred to as the Cost of Corrosion (COC), exceeds a staggering $2.5
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trillion, which is approximately equivalent to 3.4% of the total worldwide
Gross Domestic Product (GDP)[1].

Corrosion exerts a substantial influence on the cost implications
of maintaining and executing restoration efforts across various do-
mains, including automobiles, consumer electronics, aircraft, infra-
structure like bridges and overpasses, and industrial facilities engaged
in energy generation, pharmaceutical production, water desalination,
petrochemical processing, and more. The consequences of indirect co-
rrosion encompass specific setbacks such as production delays, inte-
rruptions, and the imposition of additional costs, including taxation and
overhead expenses. NACE's? comprehensive survey highlights signi-
ficant shifts in the strategic approach to corrosion management and the
adoption of cutting-edge innovations, particularly within the auto-
motive sector, which serves as a notable success story in corrosion pre-
vention. This transformation highlights the industry's ability to adapt
and employ advanced techniques and technologies to effectively
combat the detrimental effects of corrosion.

Corrosion causes significant damage in many major industries
(automotive, construction, aerospace, oil and gas, etc.). Researchers
have made many attempts to reduce the corrosion rate of materials by
utilizing protective coatings, metal plating, and corrosion inhibitors.
Depending the nature of the metal, the environment, and the presence
of other reducing agents, corrosion inhibitors are used to prevent metals
from corroding. Among the frequently used inhibitors are molecules
and compounds such as benzotriazole, imidazole's derivatives, Schiff
bases, green corrosion inhibitor ionic liquids, smart coatings, drugs,
nanomaterials, etc. It's not clear to us what the use of carbon nanotubes
with aryl radicals of the same diazonium salt is [2], and it's also not
clear how carbon nanotubes can be fermented with aryl resins from
diazonium salts. However, such layers have been shown to reduce the
corrosion of metals [3—7] and are very easy to apply/surface treat [8].

Corrosion also substantially threatens numerous critical indu-
stries, including automotive, construction, aerospace, and the oil and
gas sector, among others [9-17]. This broad spectrum of industries
affected by corrosion encompasses a range of molecules and com-
pounds used for corrosion inhibition, such as benzotriazole [18, 19],
derivatives of imidazole [20-22], Schiff bases [23,24], environmentally

2 NACE - National Association of Corrosion Engineers
(https://webstore.ansi.org/sdo/nace)
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friendly corrosion inhibitors [25-27], ionic liquids [28,29], smart
coatings [30], pharmaceutical compounds [31-33], nanomaterials [34—
36] and more. Notably, there is a noticeable lack of research on the use
of carbon nanotubes that contain aryl radicals that come from the same
diazonium salt [30]. Nevertheless, these novel approaches have
demonstrated their effectiveness in mitigating metal corrosion [31-35],
and they offer the additional advantage of ease of application and
surface treatment [36]. In the contemporary landscape, nanotechnology
has emerged as a dynamic and rapidly evolving field, boasting sub-
stantial implications across many academic domains. This flourishing
domain owes its momentum to the extraordinary and unparalleled
physicochemical attributes demonstrated by nanomaterials within the
specific dimensions of 1 to 100 nanometers. Nanomaterials have emér-
ged as a remarkable class of materials, encompassing a wide array of
examples wherein at least one dimension falls within the remarkably
precise nanometric range [37].

Through considered design, nanomaterials (fullerenes, carbon
nanotubes, graphene, carbon quantum dots, nanodiamonds, carbon nano-
horns, nanoporous materials,core—shell nanoparticles, silicene, antimo-
nene, MXenes, 2D MOF nanosheets, boron nitride nanosheets, layered
double hydroxides, and various metal-based nanosized materials) offer
the possibility of achieving exceptionally expansive surface areas. What
sets nanomaterials apart is their capacity to exhibit extraordinary mag-
netic, electrical, optical, mechanical, and catalytic properties that diverge
significantly from their bulk counterparts. Nanomaterials possess the
intriguing ability to finely tune their properties to specific requirements
by meticulously controlling factors such as size, shape, synthesis
conditions, and suitable functionalization. These attributes encompass a
strikingly augmented surface area, remarkable mechanical properties,
unique optical behaviors, and heightened reactivity on a chemical level
[1] [38]. As a result of these exceptional qualities, nanomaterials within
this size range have found extensive and diverse utility across a broad
spectrum of industries and sectors. These applications span manu-
facturing, environmental conservation, healthcare, agriculture, and even
food-related innovations [39,40].

Nanoparticles

The application of nanoparticles has a significant historical back-
ground, dating back to ancient civilizations approximately 4500 years
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ago. During this time, humanity unintentionally utilized nanoscale
materials for various purposes [37,41]. In recent years, there has been
considerable interest in silver nanoparticles (AgNPs), which have been
extensively explored using nanotechnology-based approaches [42]. The
fundamental impetus behind the investigation of nanoparticles arises
from the phenomenon referred to as the quantum size effect. When
investigating metal and semiconductor nanoparticles, which possess
diameters on the order of a few nanometers, they exhibit significantly
improved electronic and optical characteristics strongly influenced by
their size and, in some cases, their shape. These nanoparticles occupy a
unique position between individual atoms or molecules and bulk
materials [41-45].

Synthesis of Silver Nanoparticles

The emergence of silver nanoparticles (Ag NPs) represents a
significant breakthrough in nanotechnology [46,47]. The nanoparticles
hold remarkable physicochemical characteristics and demonstrate
strong antibacterial activities, making them highly versatile for various
applications [41,42,48]. During an era characterized by the emergence
of antimicrobial resistance (AMR)[49], a problem that has been iden-
tified as a significant global health hazard by the World Health Organi-
zation (WHO, 2020), silver nanoparticles have emerged as a potential
avenue for addressing this resistance [50]. The prevailing consensus
among numerous studies suggests that nanoparticles possess the ability
to circumvent microbial resistance mechanisms, with minimal contra-
dictory evidence available. Furthermore, silver nanoparticles demon-
strate superior antibacterial activity compared to specific antibiotics.
The methods employed in the production of silver nanoparticles
(AgNPs) show significant diversity, spanning a wide range of synthesis
routes that range from physical [48,51] and chemical ones to biological
approaches [41,48,52].

Although chemical approaches are widely used, they have certain
limitations [41,42,45]. One notable restriction of these methods is their
limited compliance with environmentally sustainable practices, but
recent research suggests that efforts have been made to address this
concern [51,52]. In contrast, physical methods demonstrate promise in
terms of sustainability; nonetheless, biological methods fully exemplify
the concepts of green chemistry [37,53,54], as they fit almost flawlessly
with these environmentally responsible activities.
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The biological synthesis of nanoparticles entails the creation of
these nanomaterials by harnessing the capabilities of natural sources,
which may include plant extracts, and microorganisms like bacteria
and fungi [42, 53, 54]. Numerous botanical species can be utilized for
the dual purpose of reducing and stabilizing nanoparticles [51,54].
Many researchers have chosen the biological methodology to fabricate
metal or metal oxide nanoparticles, employing various components of
plants such as leaves, stems, roots, and fruits, as illustrated in Figure 1.

Figure 1. A broad approach for the synthesis of
silver nanoparticles utilizing plant-based materials.

The use of silver nanoparticles for corrosion mitigation. Silver
nanoparticles can operate as an anti-corrosion agent through the
induction of protective layer formation on metal surfaces. When silver
nanoparticles (AgNPs) were added and mixed with polymeric
materials, for example, they greatly slowed down the corrosion of
aluminum and mild steel substrates [55-64].In a study, Solomon et al.
produced a poly(methacrylic acid)/silver nanoparticle composite
(PMAA/AgNPs) through the in situ mixing of aqueous solutions of
PMAA and silver nitrate, utilizing natural honey as a reducing and
stabilizing agent [56]. The electrochemical findings indicate that the
composite has shown significant efficacy as a corrosion inhibitor for
aluminum in an acid-induced, corrosive environment. The efficiency of
inhibition had an upward trend as the concentration of the composite
grew, while it exhibited a downward trend as the temperature ascended.
The potentiodynamic polarization analysis findings determine that the
PMAAJ/AgNPs composite exhibits the characteristics of a mixed-type
corrosion inhibitor. When corrosion tests are done on an aluminum
electrode in a 0.5 M H2SOs solution, the composite stops corrosion
about 85.6% of the time when 1000 ppm of PMAA/AgNPs are present.
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Researchers conducted a separate documented investigation using a
comparable yet environmentally responsible methodology to examine
the effects of a chitosan/silver composite on the inhibition of St37 steel
corrosion in a corrosive medium consisting of a 15% HCI solution [59].
Through the application of various electrochemical and advanced sur-
face characterization techniques, including energy dispersive X-ray
spectroscopy (EDS), atomic force microscopy (AFM), and scanning
electron microscopy (SEM), the researchers successfully verified the
presence of a Chitosan/Silver film adsorbed onto the St37 surface. The
isotherm studies revealed that temperature significantly influences the
adsorption of the nanocomposite. Physisorption dominated the adsor-
ption process at lower temperatures, while chemisorption prevailed at
higher temperaturesEmploying a concentration of 1000 ppm of the
AgNP-composite successfully attained a significant level of corrosion
inhibition, amounting to 97.09%.The corrosion inhibition tests of St37
steel in 15% H>SO4 aqueous media were conducted using a comparable
method, employing a composite of carboxymethyl cellulose and silver
nanoparticles [57]. At a temperature of 60 °C, the weight loss technique
resulted in an inhibition efficiency of 96.37%. Researchers have
observed that the combination of carboxymethyl cellulose (CMC) and
silver nanoparticles (AgNPs) inhibits both the anodic and cathodic
reactions.inhibitedEmploying the Langmuir adsorption isotherm can
elucidate the adsorption phenomenon. Basik et al. successfully
developed a nano-composite, denoted as Cys/Ag-Au NCz, using
Cysteine-based silver-gold [58]. They effectively employed this
material to mitigate the corrosion of mild steel ina 1 M HCI environ-
ment.Before conducting the corrosion investigations, the synthesized
material underwent comprehensive characterization using modern
techniques. The researchers utilized X-ray diffraction (XRD) analysis,
employing Debye-Scherer calculations, to determine the average
crystalline size of Ag-Au nanoparticles. The results revealed a rela-
tively uniform size dispersion, with an observed average size of 22 nm.
Scanning electron microscopy with energy-dispersive X-ray spectro-
scopy (SEM/EDX) confirmed the presence of the anticipated elemental
peaks (carbon, oxygen, nitrogen, sulfur, silver, and gold) within the
nanocomposite, while also revealing the nanoparticles' spherical
morphologyThe system's corrosion performance achieved a corrosion
inhibition rate of 95% at a concentration of 300 ppm.Asafa et al. [62]
conducted a thorough examination of the impact of biosynthesized
silver nanoparticles (AgNPs) on the corrosion inhibition of mild steel,
stainless steel, and aluminum in a corrosive environment of 1.0 M HCI.
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The results of this study showed that the surface interaction between
AgNPs and these materials is very important. This was clear because
the materials had high inhibition efficiencies of 52% for mild steel, 70%
for stainless steel, and 62% for aluminum. Narenkumar et al. [63]
studied the utilization of bioengineered silver nanoparticles synthesized
using the leaf extract of Azadirachta indica.Researchers found that the
extract had dual functionality, acting as reducing and stabilizing agents.
These nanoparticles were investigated as an anti-corrosive inhibitor for
mild steel in cooling towers, specifically in the presence of microbial-
induced corrosion caused by Bacillus thuringiensis EN2, a bacterium
isolated from cooling towers. The researchers' investigation revealed
that the silver nanoparticles (AgNPs) showed a notable ability to
effectively hinder biofilm development on the mild steel (MS1010)
surface, resulting in a significant decrease in corrosion rates. The
corrosion rate dropped to 0.5 mm per year, and the effectiveness of the
inhibition was very high, at 77%. This is in contrast to using only plant
extract, which caused a rate of corrosion of 2.2 mm per year and an
effectiveness of 52% inhibition.

Conclusions

The incorporation of silver nanoparticles as corrosion inhibitors
represents a significant progress in enhancing corrosion inhibition
methodologies. These nanoparticles have showcased exceptional effi-
cacy in protection metals and alloys from corrosion across diverse and
challenging corrosive environments. The adoption of green synthesis
methods, incorporating plant extracts in the synthesis process, signi-
ficantly amplifies the sustainability of their production. The ongoing
exploration of silver nanoparticles as a corrosion prevention method is
poised to usher in innovative approaches to tackle the prevalent
challenge of material degradation. Continuous research and develop-
ment in this field are expected to extend the spectrum of potential appli-
cations for silver nanoparticles in corrosion control. The advancement
in utilizing silver nanoparticles holds promise for the development of
novel solutions and treatments, effectively addressing the widespread
issue of material deterioration.
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MBROJTESIT NANOSKOPIK: NANOGRIMCAT E ARGJENDIT
NE MBROJTJEN E METALEVE DHE ALIAZHEVE KUNDER
KORROZIONIT

Pérmbledhje

Korrozioni éshté njé fenomen gé éshté shumé i pérhapur dhe e paraget
degradimin gradual té materialeve, né radhé té paré té metaleve, si pasojé e
ndérveprimeve té tyre me mjedisin. Duke ditur shkallén e gjéré té pérdorimit
té metaleve né degé té ndryshme té industrisé si dhe né infrastrukturé, mbrojtja
e tyre nga procesi i korrozionit si rezultat i ekspozimit té vazhdueshém né
mjedise té ndryshme agresive éshté domosdoshmeéri. Sipas Organizatés Boté-
rore té€ Korrozionit vlerésohet se démi i korrozionit, i njohur si Kostoja e Ko-
rrozionit, tejkalon 2 500 miliardé dollaré, gé éshté ekuivalente me 3.4% té
Produktit t& Brendshém Bruto té botés. Démet e pérmasave té tilla shkaktojné
pasoja té médha pér sektoré té ndryshém si: industriné e automjeteve, pajisjeve
elektronike té konsumit, industriné e transportit, até té infrastrukturés, té
prodhimit dhe bartjés sé energjisé, té ckripézimit té ujit, até té petrokimisé etj.
Ndikimi i korrozionit shtrihet pértej démtimit té drejtpérdrejté té materialeve,
duke shkaktuar vonesa né prodhim, ndérprerje dhe kosto tjera shtesé.

Korrozioni i metaleve ndodh né radhé té paré pér shkak té pranisé sé
agjentéve té ndryshém oksidues né mijedisin gé i rrethon ato prandaj pér té
mbrojtur ato nga korrozioni né ményré sa mé efikase duhet pérdorur shtresat
mbrojtése qé mund té jené té natyrés sé ndryshme. Njé ndér substancat mé
efikase gé e béjné até jané njé séré komponimesh té njohura si inhibitoré
korrozioni té tilla si: benzotriazolét, derivatet e imidazoléve, aminat e ndryshme,
bazat e Schiff-it, Iéngjet jonike dhe sé fundmi nanomaterialet. Nanomaterialet,
té cilat karakterizohen nga dimensionet né rangun 1 deri né 100 nanometra,
shfagin veti té veganta fiziko-kimike. Ké&to materiale, pérfshiré: fullerenét,
nanotubat e karbonit, grafenin, oksidin e grafenit, pikat kuantike, nanogrimcat
etj. ofrojné veti té jashtézakonshme té ndryshme nga ato gé shfagin materialet e
njéjta né shkallé makroskopike. Nanogrimcat e ndryshme, me efektin e tyre té
“madhésis€ kuantike”, pérfag€sojné potencialin € nanomaterialeve né€ adresimin
e ¢éshtjeve té lidhura me korrozionin dhe pértej tij. Nanogrimcat e argjendit
kané aftési gé té veprojné si agjenté anti-korroziv duke indukuar formimin e njé
“shtrese mbrojtése” né sipérfaget e metaleve e t€ aliazheve. N€ té shumtén e
rasteve kéto nanogrimca sintetizohen duke pérdorur ekstraktet e biméve si
“reduktues e stabilizues sip€rfagésor” pérmes “kimisé s€ gjelbért” dhe si té tilla
ato né shumé hulumtime shkencore jané treguar si efektive né zvogélimin e
shpejtésisé sé korrozionit té metaleve e té aliazheve té ndryshme.
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