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NECP UPDATE GOALS AND LOCAL
ENERGY UPPLY

STANE MERSE

Jozef Stefan Institute — Energy Efficiency Center, Ljubljana, Slovenia

stane.merse(@jjs.si

Keywords: strategic energy planning, climate energy policy, energy union, energy
efficiency, renewable energy sources, GHG mitigation, district heating and cooling, local

planning.

The update of the National Energy and Climate Plan (NECP) secks Slovenia's answers to
tackling the global climate and EU's energy crisis successfully, with the aim of achieving
climate neutrality by 2050. The paper will present new, more ambitious targets for all five
dimensions of the Energy Union by 2030, key policies and measure, and impact
assessment of the analysed scenarios. Increasing energy and resource efficiency in all
sectors is the first prerequisite for a successful and cost-effective replacement of fossil
fuels by renewable and other low-carbon energy sources. A just transition from coal by
2033 at the latest is Slovenia's biggest strategic challenge here, especially in terms of
ensuring the security of the energy supply. The implementation of a large number of
dispersed projects, as well as the efficient siting of large hydro and wind power projects,
will be key to increasing the use of renewable energy sources. Successful achievement of
the national targets will require a systematic transfer of these objectives to the local level,
in particular, through quality support for local planning of energy infrastructure, focusing
on district heating and cooling (DHC) systems. These systems are facing a major challenge
of energy renovation and the transition to renewables and excess heat, which is key to
achieving the required efficiency criteria, and, above all, competitiveness in district heating
and cooling. The main orientations and scenarios for the development of the DHC

systems will be presented, as well as estimates of the needed investments.
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GREEN TRANSFORMATION OF THE SALESKA
VALLEY DISTRICT HEATING SYSTEM
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transition
The Saleska Valley District Heating System (DOVE)

The future of the district heating system in the Saleska Valley lies in green transformation

and resource dispersion.

The planned exit from coal by 2033, according to the guidelines of theState and the EU,
requires a complete transformation of this second largest district heating system in
Slovenia, supplying up to 35,000 customers and over 650 industrial users. Established in
1959 as the first and leading system in the former Yugoslavia, the existing system has been

a key contributor to the environmental rehabilitation of the Saleska Valley.

In order to obtain environmental remediation, the necessity of maintaining the Saleska
Valley district heating system as a whole entity is crucial. Ensuring a stable and sustainable
supply of heat is one of the essential pillars of a just transition to a carbon-free society.

Today, District heating in the Saleska valley is dependent on one production source only:
the éoétanj Thermal Power Plant, coal. In order to reduce the use of fossil energy sources
and their import dependency by phasing out coal, the Velenje Utility company is preparing
a more than €130 million worth transformation of the existing system. Together with a

consortium of partners and a wide range of expertise and references (ELES, Esotech,
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Kolector Setup, KPV, KSSENA and Resalta), we prepared a draft Action plan for the

transformation.

The transition to a new district heating system in the Saleska Valley will result in a more
economic, efficient, and coal-free system. As part of the transformation of the district

system, it strives to achieve 100% of its own resources.
The green transition will be staged as follows:

— Pipeline renewal and digitalisation of the distribution network,

— Renovation of heat supply substations,

— Lowering the temperature regime and operation from the current 140/70°C at
85(110)/45°C (eatly summer average 112/74 °C),

— Design and build new heat production units from renewable sources in phases,

— The necessity of simultaneous energy renovation of buildings for the transition to

a lower temperature regime.

The Action plan foresees the following sources of heat production: wood biomass -
cogeneration of heat and electricity, a solar heat plant, water-to-water heat pumps by
exploiting the potential of Lake Velenjska and waste water at the Central Wastewater
Treatment Plant of the Salek Valley, the installation of a high-voltage electrode boiler and

a heat storage tank.

As a result, total savings on renewal pipelines, buildings and construction of new heat
stations are estimated CO, emission reductions of 25.269 t and a reduction in the amount

of coal by 21.150 t per year.

The Action plan follows the objectives of green transformation, aiming for a reliable heat
supply from renewable sources, reduction of greenhouse gases, a safe, stable and
independent source of energy and affordable prices for electricity and heating for all

residents of the Saleska Valley, and thereby preventing or limiting energy poverty.

References
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PROSUMER-RICH DISTRIBUTION POWER
NETWORK — PROPOWERNET

GORAN KNEZEVIC, DANIJEL TOPIC

Josip Juraj Strossmayer University of Osijek, Faculty of Electrical Engineering, Computer Science and Information Technology,
Osijek, Croatia
goran.knezevic@ferit.hr, danijel.topic@ferit.hr

Keywords: distribution network, integration, optimization, prosumer, PV systems,

research group

Electricity generation from most of the renewable energy sources (RES) based power
plants is generally variable and unpredictable, which causes difficulties in the electricity
grid planning and operation, while this effect is magnified even more by the massive
integration of such power plants. Previous passive consumers, by integration of RES
based power plants in their ownership, are becoming prosumers. The development of a
prosumer energy management system is a multidisciplinary process that involves multiple
aspects that must be considered. The purpose of this project is to establish a research
group to study the operation of a prosumer system and distribution network (DN) within
four aspects of observation: i) maximizing the prosumer’s profit by participating on the
electricity and ancillary services markets; ii) optimization of the DN operation with the
objectives of power losses minimization and maintaining the desired loading and voltage
levels in the network; iii) reducing the impact on the power quality; iv) maintaining the
voltage and frequency stability of the network when large numbers of prosumers are
connected to the DN. The objectives of the project include developed simulation models
for analyzing the interactions of the DN and the prosumer system, as well as the developed
optimization algorithms for determining the optimum drive of the prosumer devices and

DN for various aspects of observation. The results of the project will contribute to the
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possibility of large-scale integration of prosumers in the DN, while maintaining the
trequency and voltage stability of the system and the prescribed level of power quality.
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Keywords: thermohraphy, water stress, plant, UHI, electrical energy

Plants and green islands in urban areas are one way to mitigate climate change and reduce
the energy demand for air conditioning. Like humans, plants are also exposed to the urban
heat island effect, which manifests itself in the fact that air temperatures in urban areas
are, on average, 2-5°C higher than in rural areas. In addition, plants are exposed to water
stress, which occurs when the amount of available water exceeds or falls short of the
plants' water requirements. The paper presents an increase in electricity demand with a
special focus on Croatia, Slovenia and countries with similar electricity consumption. The
effects of the urban heat island are illustrated using a graphical comparison from recent
literature. Infrared thermography, as one of the methods for detecting water stress, is
explained with the physical background of long-wave radiation detection and compared
with near infrared digital photography. All possible aspects are presented of radiation
detection that occur during thermographic analysis. A specific overview of water stress is
given, and its effects are illustrated using examples of plant height and flower size. The
application of infrared thermography in the detection of water stress is illustrated using
thermograms of wheat in a dry field and after irrigation. On this basis, a conclusion was

drawn about the possibility of using infrared thermography in the detection of water stress.
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Three-phase diode rectifiers (uncontrolled bridge rectifiers) with capacitive dc smoothing
are used widely in low voltage and industrial apllications today (Sun et al., 20106). Areas of
their application are: the input stage in low to medium variable frequency drives, dc-dc

converters, telecommunications and electric vehicle chargers.

These devices generate a considerable distorsion level and harmonic content of ac input
currents. For this reason, it is very important to develop the correct models of these
nonlinear elements, in order to simulate network harmonics accurately. The structure of
these rectifiers is usually known when developing their electrical model. However, the
parameters of this model are mostly unknown. The published papers usually deal with
the modelling of elements in the time domain and harmonic domain, where analytical or

numerical methods are used to simulate the operation of these devices.
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A relatively small number of papers deal with the determination of rectifier parameters;
mostly single-phase rectifiers (Toki¢ et al., 2016), and, less often, three-phase rectifiers
(Duenas et al., 2020).

For typical three-phase diode rectifiers there are two basic operating modes:
discontinuous conductive mode (DCM) and continuous conductive mode (CCM). These
two modes can appear during balanced or unbalanced source voltages. The main focus of
this paper is the determination of the three phase diode rectifier parameters considering
the discontinuous conductive mode. Three phase balanced source voltages will be

assumed.

For the time subinterval of the continuity and discontinuity of the current, the
corresponding state space equations will be derived, and, after that, will be solved by the
Cayley-Hamilton theorem in the Time domain. Based on the analytical solution for input
ac currents, an objective function will be formed, that minimizes the square deviation
between the calculated and referent input currents. The minimization of the objective
function will be performed using the Nelder-Mead method, since this method is very
useful for relatively low problem dimensions and has no difficulty in finding derivatives
and discontinuity functions during the optimization process. Because of eventual
convergence problems, special attention will be paid to the initial condition calculations.
At the end, a comparison of the assumed initial parameters of the rectifier, its exact
parameters and parameters estimated by using the procedure based on the Nelder-Mead

optimization method and proposed objective function will be shown.
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The impact of electric motors on electricity consumption and conversion in today's time
is significant and can not be omitted. An experimental system has been developed in order
to verify the characteristics of drives with electric motors. The experimental system
consists of an induction motor, a synchronous reluctance motor, a frequency converter,
and a PLC device. The system is intended for testing the characteristics of the induction
motor, with the synchronous motor being used as the load machine. The frequency
converter is controlled using the developed HMI interface. The synchronous motor is
controlled by the frequency converter, and three motor control modes are enabled.
Control is possible in Speed, Torque and Torque Limit modes of operation. The
application of these three control modes gives the opportunity to test the drive under
various conditions. The reference speed value of the synchronous motor is set in Speed
mode. Direct control of the machine torque is carried out in Torque mode, with a
reference torque value being specified. Torque Limit mode sets the reference speed value
of the motor to zero, with defined limits on the torque that the motor may develop.
Control of the induction motor is carried out using appropriate control techniques. The
development of such an experimental system enables the implementation of different test

procedures of electrical machines, with the purpose of comparing control methods.
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terroresonance experiment

The paper analyzes the influence of the sampling time and measured data decimation in a
ferroresonance phenomena analysis. The ferroresonance phenomena are the bifurcation

behavior of a nonlinear LC circuit supplied by external voltage.

In the literature, different steady states of ferroresonant nonlinear systems are identified
by the harmonic content of the inductance and capacitance voltages and the circuit
current, given a supply with sine voltage. The system’s sensitivity to voltage amplitude
and harmonics change can invoke bifurcations into different steady states that limit the

experimental ability to analyze the phenomena.

In order to analyze the phenomena, careful and accurate measurements are conducted in
a laboratory on the existing experimental system, and the steady state Fourier analysis is

conducted of the measured signals.

The Fourier analysis is influenced by the non-integer ratio of the analyzed waveform
period to the sampling time, the number of samples in the measurement window, data
decimation and measurement noise. These issues are addressed to analyze the measured
waveforms in odd-harmonic, even-harmonic, sub-harmonic, and the more complex

system steady.
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Careful selection of the data points, decimation and zero crossing synchronization,
reduces spectral leakage, and allows for the retrieval of information for specific harmonic

components and their voltage dependence, especially in phase characteristics.
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Simulations allow the research and testing of different scenarios without actually
implementing the system. This is especially useful in the development and design of
electric motors and drives. However, Single-tool simulations might sacrifice accuracy due
to simplifications or assumptions made during model creation. Complex real-world
phenomena often require multidomain and co-simulations to capture all relevant effects
accurately. Co-simulation is a technique that allows the integration of different simulation
tools and platforms to create a unified simulation environment. Co-simulation can offer
several benefits over single simulation, such as increased accuracy, reduced complexity
and enhanced flexibility.

This paper presents a co-simulation framework for electric motors and drives using
Modelica and Python. Modelica is used to model and simulate the test bench components,
such as the electric motor, the power source and the load. Python is used to automate the
simulation process, and to control the parameters and variables of the Modelica model.
The effectiveness of the co-simulation approach is shown by comparing the results with
a single-tool simulation using only Modelica. The challenges and limitations of co-

simulation are also discussed, and some directions for future work are suggested, such as
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adding more components to increase system complexity and extending the co-simulation

framework to MATLAB/Simulink.
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Siemens joint Resource Optimization and Scheduler (JROS or system) is used for
managing the production portfolio covering various aspects of production and contracts
with integrated data exchange between production and trading departments. In this article
jROS is used to analyze the impact of different constraints and goals when scheduling the
production of an HSE portfolio. As one can expect, the goals of different types of
users/roles can easily be described as conflicting ones. However, to identify, objectively,
how to extract the most value out of the production portfolio, we optimize the production
against costs, as well as revenues, simultaneously. The most important goal is to maximize
the difference between revenues and costs with respect to various imposed constraints
(and their relaxations). In this paper we analyze the benefits of allowing overspill of water
to maximize the available power of a hydro chain shortly, and thus increase revenues in
peak market hours. The results are compared with scenarios where overspill is not allowed.
Also, various cases of hydro reservoirs” constrains were analyzed, for instance, maintaining

production with reservoirs nearly full.
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For the last few decades, we have witnessed the huge involvement of simulation models
of engendering areas, thanks to the simulation development and improvements in
software, as well as hardware, tools. This has been emphasized in the last decade because
of the fast development of artificial intelligence applications, especially involving concepts
like smart grids, smart cities, Industry 4.0, and digital twins, all converging to the concept
of a Smart Society. All these recent concepts require very fast and real-time simulations of
engineering models in different phases, from system design, optimization, and on-site
implementation. In recent years, the important role in the application of these modern
concepts has required simulation models capable of performing different types of real-
time simulations, like Hardver-in-the-Loop (HIL), Model/Softwet-in-the-Loop (M/SIL),
and Rapide Control Prototyping (RCP). Beside this, the implementation of different
computational intelligence optimization techniques requires hundreds or thousands of
repetitions of model simulations. For such purpose, it is important to do simulations in
real time, so the whole optimization process can be finished in some practically reasonable
computational time. The Functional Mockup Unit (FMU) has been developed in the last
few years to meet such requirements for very fast model simulations/calculations. The
usage of FMU in recent times has become an Industrial Standard used by some eminent

engineering companies.
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In electronic devices, which are governed by microprocessors, efficient energy
management is crucial, especially in integrating sleep mode functionalities into electronic
circuit design. Given the latency-dominated lifecycle of these devices, optimizing energy
consumption is vital. Sleep mode, enabling microprocessors to enter a low-power state
during inactivity, plays a crucial role in conserving energy and prolonging battery life,

which is essential for portable devices.

The importance of sleep mode extends beyond enhancing user satisfaction by preserving
battery longevity. It aligns with global sustainability efforts by reducing energy
consumption and minimizing the environmental impact of electronic devices. This
functionality not only benefits end-users but also addresses escalating environmental
concerns. By reducing the power draw during periods of inactivity, sleep mode contributes
to lower carbon footprints, aligning with eco-friendly practices and green technology

trends.
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Regulatory compliance also plays a significant role in the adoption of sleep mode. Many
regions enforce strict energy efficiency standards, often necessitating the inclusion of sleep
mode in electronic devices to meet these benchmarks. Compliance with these regulations

ensures adherence to legal requirements and enhances market positioning.

The seamless transition between active and latent states, a hallmark of efficient sleep mode
implementations, contributes significantly to a positive user experience. Despite extended
periods of inactivity, users expect immediate responsiveness when devices are activated.
Sleep mode achieves this by ensuring quick transitions without compromising device

performance.

Incorporating sleep mode into electronic circuits containing microprocessors is not just a
design consideration but a necessity. It significantly impacts device performance,

longevity, sustainability, regulatory compliance, and user experience.
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magnetic materials

Accurate models of the materials' characteristics are crucial when applied to the
mathematical model of efficient electromagnetic devices. The Finite Element Method is
often used for dimensioning of electromagnetic devices. The description of the magnetic
materials should be as good as possible, so it is important that the nonlinear magnetic
material is described with an accurate hysteresis model. Different hysteresis models have
been developed in the past. The presented model is based on the measurement of the
main hysteresis loop and first order reversal curves for increasing and decreasing
magnetisation. Fach of them is presented with an extended Elliots expression with six
parameters. Each of the measured curves (the left and right parts of the major hysteresis
curve and each of the first order reversal curves) has different parameters, obtained using
Differential Evolution, and, with that, the best match was achieved between the measured
and calculated curves. A good feature of the presented model is the easy calculation of
magnetisation in the area where no measured curves are available. The curve between the
measured curves can be determined based on only two points, and on the bases of the
nearest calculated curve, obtained from the measured curve using Differential Evolution
for the parameters” determination. The measured curves of the hard magnetic material
AINiCo (the main hysteresis loop and first-order reversal curves for increasing and
decreasing magnetisation) are applied to the hysteresis model. A detailed description of
the procedure will be presented in the final paper.
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Doubly Fed Induction Generators (DFIGs) have a wound rotor connected to a power
converter (PC) through slip rings, while the stator is connected directly to the grid.
Typically, a partially rated back-to-back PC provides voltages with variable amplitude and
trequency; moreover, to operate at sub- and super-synchronous speeds, the PC should
ensure a two-way energy flow. Due to the range of the variable speed operation, DFIGs
are used as direct drives (low speed) in pumped hydropower plants, and as indirect drives
(high speed with a gear box) in wind power plants. Both applications are reviewed in
(Chen, 2021) and (Valavi, 2018). Unfortunately, a DFIG’s dynamic behavior may show
poorly damped modes with a natural frequency near the grid frequency (Rahimi, 2010)
that cannot be controlled by the rotor voltages (Sadamoto, 2020).

This paper provides modal and controllability analyses of a DFIG by means of a d-q axis
model. Different cases of model parameters are studied over the entire typical DFIG
operating range of rotor speed and grid frequency variation. The result of the modal
analysis shows a moderate impact of the model parameters on the eigenvalues, whereas it
confirms low damping of two modes, which are related strongly to the rotor speed and

grid frequency. Furthermore, the eigenvalues of the controllability Gramian matrix show
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that both rotor and stator voltages should be controlled to enhance a DFIG’s
controllability.
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When designing large power transformers, ensuring sufficient short-circuit reactances
between pairs of windings is an essential task. As a rule, this is achieved by selecting an
appropriate geometry and constellation of windings within the transformer window.
However, in some cases, such an approach is technically or economically unacceptable. In
these cases, connecting a reactor in series with the winding is necessary. For low voltage
level windings (e.g. 20 kV), a special shell-type reactor placed within the transformer's tank
is used for this purpose. The paper deals with a shell-type reactor and the determination
of the optimal design parameters, which implies a TOC (Transformer Ownership Cost)
concept. The optimal design selection depends on the economically evaluated value of the
unit, dictated by the losses, energy price and material costs. Since the geometry of the
reactor is conditioned by the electrical losses and desired inductance, which, in turn,
depend on the magnetic field distribution, it is necessary to use a computer-aided design
(CAD) approach. The method presented in the paper relies on the numerical procedure,
where the magnetic field is calculated using the Finite Element Method (FEM) based
software FEMM 4.2, and the best solution is sought iteratively.
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Switching devices ate devices designed to make and/or break the cutrent in electric
circuits. With each switch manipulation, an arc may occur between the contacts of the
switching device, which must be interrupted. Since both AC and DC currents are used in
electrical networks, it is necessary to ensure that the arc is interrupted during the switching
manipulation in both cases. In an AC current, the advantage of arc interruption is due to
the natural zero crossing of the current. When the zero crossing of the current has
occurred, the arc is always extinguished, and the interruption of the arc is enabled. The
challenge of arc interruption with a DC current is due to no natural zero crossing of the
current. When interrupting a DC arc, the increasing arc resistance increases the impedance
of the circuit automatically, hence reducing the arc current. When the arc current is near
zero crossing and the arc voltage is greater than the system voltage, the arc is extinguished,
and the arc interruption is enabled. To determine the conditions for arc interruption of
AC and DC currents, there are various models for determining the parameters of the arc.
This analysis uses the arc model of Cassie and Mayr, who developed models for
determining arc parameters analytically. Arc interruption analysis is performed for an AC
and DC circuit breaker, which is one of the most important switching devices in power
networks. The focus of this analysis is on determining the arc interruption of the DC

current, as it is more difficult to perform.
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As the world transitions to sustainable energy, traditional power plants equipped with
synchronous generators are being replaced gradually by renewable energy sources, such as
Inverter-Based Resources (IBRs), including solar and wind installations. While this shift is
environmentally beneficial, it introduces challenges for maintaining voltage and frequency
stability within power systems, due primarily to the gradual reduction of inertia that is
traditionally provided by the rotating mass of synchronous generators (Tielens & Van
Hertem, 2016). A prevalent control strategy implemented in most of today's IBRs is
known as the grid-following (GFL) strategy. IBRs with GFL control act as current sources
that synchronize with the grid voltage, commonly using a Phase-Locked Loop (PLL) unit.
However, this control structure leads to instability issues in weak grids, due to their
susceptibility to disturbances (Wang et al., 2020). A significant shortcoming of IBRs with
GFL control is their inability to mimic the inertia of synchronous generators, prompting
extensive research into new IBR control strategies that can emulate the characteristics of

a synchronous machine, known as grid-forming (GFM) (Rathnayake et al., 2021).

This work focuses on providing readers, especially those new to this field, with a short
insight into GFM and GFL methodologies of IBR control. We begin by describing the

mathematical models of both control strategies and their characteristics. Secondly,
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through simulations and analyses, we illustrate the effectiveness of GFM control in
enhancing grid resilience and reliability, and, finally, we conclude by emphasizing the

critical role of GFM control in the future of power systems.
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The reliability of electric power systems (EPS) depends on protection, automation and
control (PAC) devices. In North American EPS, for example, the rate of protection device
misoperation is between 6 and 7 %, where around 50 % of all misoperations are caused
by incorrect settings and relay malfunctions (NERC, 2021). Modern PAC devices provide
information about their software and hardware settings and the conditions of external
circuits. However, it is challenging to gather all the information, because of the high
number of PAC devices and the high diversity of information between different software

versions and device types.

Analysing disturbance records, as critical information, is a complex and time-consuming
process that is rarely implemented for a full set of involved devices. The protection
monitoring and diagnostic (PMD) system can be used to gather and synchronise the

disturbance records from different sources, such as protection relays, fault recorders and



38 6" INTERNATIONAL CONFERENCE ENRE - ENERGY & RESPONSIBILITY

SCADA systems. The PMD system can then analyse the correctness of each protection
function operation automatically by analysing the event tree (Horowitz, 2003 and Zhang,
2004). This work will present the PMD system testing. A hardware-in-the-loop
configuration will be used, including two distance protection relays connected to the PMD
and the real-time digital simulator, which will simulate different fault scenarios in a
modelled power system. The simulation model will be limited to the observed
transmission line and equivalent sources. The results will show how PMD can obtain the
disturbance records and provide the event tree report, thus reducing the protection

specialist’s workload.
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A carbon footprint (CF), which measures the amount of greenhouse gases (GHG) caused
by a certain activity, is becoming a key indicator in the fight against climate change. To
achieve climate neutrality, it is important to ensure methodological and accurate
measurements of CF, since understanding its impacts on the environment is a basis for

targeting climate change mitigation efforts.

Electricity consumption is a major contributor to global CF, and it will play a pivotal role
in achieving ambitious GHG reduction goals (Williams et al., 2012). The carbon intensity
of electricity depends on the generation technology (Turconi et al., 2013). The current
practice is to calculate emissions from electricity use by using the average yearly carbon
intensities. However, as electricity generation is dynamic, electricity from the grid has a
varying carbon intensity at any moment, and the time dynamics need to be included in

environmental analyses (Khan, 2018).

We show that using yearly averages for carbon intensity is only appropriate for processes
that have a stable consumption profile throughout the year. Whereas, if the analyzed
process has a different dynamic (e.g., shift working, seasonal/monthly production) the

uncertainty of the CF calculation increases.
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Our research developed a dynamic CF model for electricity consumption in Slovenia. We
show that including the time dynamics of electricity consumption in CF calculations is
important for reducing uncertainty. Hourly or 15-minute electricity generation and
consumption dynamics need to be modeled for the most accurate CF calculations.
Understanding CF time dynamics also opens the door for demand-side management and
reduction of GHG emissions.
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This paper presents an in-depth examination of the regulatory framework, spatial
prerequisites for optimal placement on agricultural lands, and an evaluation of potential
locations for agrovoltaics in Slovenia. Agrovoltaics, a synergistic integration of agriculture
and photovoltaic energy production, aims at enhancing resource efficiency and
sustainability. This innovative approach promises mutual benefits for energy and
agriculture, aligning with multiple policy sectors, including energy, agriculture,
environmental protection, the circular economy, alongside research and innovation. Such
alignment is instrumental in advancing the goals of the European Green Deal, which
aspires to attain climate neutrality in the EU by 2050, stimulate the economy through
green technology, foster sustainable industries and transport systems, and minimize
pollution levels.

Following the enactment of a new legislation on August 3, 2023, which facilitates the
adoption of renewable energy source systems, Slovenia has taken preliminary steps toward
embracing agrovoltaics. This paper aims to delineate the specific agricultural lands eligible

for agrovoltaic installations, outline the technical constraints (e.g., installation height,
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foundation requirements), navigate through spatial planning and limitations, and provide
a strategic analysis of potential agricultural locations for agrovoltaic placement. Through
this investigation, the paper seeks to contribute to the body of knowledge on agrovoltaics
in Slovenia, undetlining its potential in supporting sustainable agricultural practices and
renewable energy production within the ambit of the European Green Transition

objectives.
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The Faculty of Energy Technology of the University of Maribor has obtained a pilot
project successfully, "Review and update of key learning contents, knowledge, skills, and
expected learning outcomes for a sustainable green transition," within the framework of
The Recovery and Resilience Plan (RRP).

The activities of the pilot project are focused primarily on the transformation of the set of
all elective courses, where, according to the existing regulatory framework, a faster
dynamic of transformation is expected (1-2 years). For most elective courses, e-materials
will be prepared, the most suitable teaching methods proposed, and the set of expected
and recognized subject-specific professional competencies will be supplemented with
appropriate records of learning outcomes, which will be more easily understandable to
students, prospective students, employers, and representatives of professional

associations.
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The updated curricula have implemented the contents of the European Competence
Framework for Sustainability, with the aim of promoting sustainable thinking in a way that
helps those involved in the learning process develop knowledge, understanding, skills, and
attitudes that will develop a comprehensive valuation of sustainability, systems thinking,

critical thinking, problem formulation, literacy for the future, and research thinking.

In the updated curricula, learning outcomes are used for a better understanding and
description of competencies, defining clearly what the student should achieve, and how

they should demonstrate their learning achievements.

The content of the updated curricula pursues primarily the following sustainable
development goals: elimination of energy poverty, inclusive quality education, ensuring
access to affordable, reliable, sustainable, and modern energy, and ensuring sustainable

patterns of energy consumption and production.
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Mathematical models serve a pivotal role in electrical engineering, particularly in the
analysis, design, control, and optimization of electric machines and devices. These models
are constructed carefully using mathematical equations to capture the system dynamics.
Two simplifications are commonly considered when modeling electric machines and
devices, covering iron losses and iron's nonlinear magnetic properties. Simplified models
are more robust but less precise, while models considering magnetic nonlinearities are
more complex and accurate. This article deals with the dynamic modeling of an iron core
inductor and electromagnetic brake. In the first part, the article discusses the design of an
iron-core inductor dynamic model with experimentally based determination of its
parameters. Dynamic responses for both a nonlinear and linearized model are presented,
along with experimental evaluation. In the second part, the article discusses the design of
an electromagnetic brake dynamic model. The current and position-dependent magnetic
flux linkage and electromagnetic force characteristics of the electromagnetic brake are

determined numerically using the finite element method. Additionally, the article addresses
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the experimental evaluation of the dynamic model and numerically determined

characteristics of the electromagnetic brake.
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Harmonics are electrical waveforms that have frequencies that are integer multiples of the
fundamental frequency. Harmonics occur when additional frequencies, known as

harmonic frequencies, are present alongside the fundamental frequency.

As the number of distributed generation (DG) units, relying primarily on renewable energy
sources, increases and connects to utility power grids, maintaining power quality emerges
as a significant challenge. Harmonics originating from DG units, particularly those
generated by power electronic devices like photovoltaic systems, contribute to this
concern. In order to maintain a suitable power quality, harmonic mitigation strategies are
essential, since harmonics can affect both the PV system itself and the broader electrical

grid negatively.

The article presents an overview of the harmonic mitigation strategies for grid-integrated
PV systems, such as: Passive Harmonic Filters; Active Harmonic Filters; Multi-Level
Inverters; Advanced Inverter Control Strategies; Transformer Design and Configuration;
Voltage Source Converters (VSCs); Resonance Avoidance; Filtering at Point of Common

Coupling (PCC); Hybrid Harmonic Mitigation and Monitoring and Maintenance.
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In this article, we will perform a study of an off-grid household that uses solar and
hydrogen energy as its primary energy source. In an era marked by environmental
consciousness and the pursuit of energy independence, off-grid households are turning

increasingly to innovative solutions to meet their power needs sustainably.

The concept is an off-grid household that uses solar panels as the primary electrical energy
source, and, in times without solar energy, it uses hydrogen fuel cells as an electrical energy
source by using hydrogen that the solar power plant produced by using excess energy
throughout a year. However, challenges persist in matching supply with demand and
ensuring uninterrupted power availability. By combining solar power and hydrogen
technologies, off-grid households can achieve greater energy resilience and reduce reliance
on traditional fossil fuels. This article examines the technical feasibility, economic viability,
environmental benefits of such integrated systems, highlighting their potential to
revolutionise off-grid living and pave the way towards a sustainable energy future. The
goals we want to determine are how much hydrogen we need, what size hydrogen tanks
we need, how powerful the solar plant should be, and a feasibility study of the financial

investment and savings.
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In recent years, the amount of remote sensing data, such as satellite imagery and laser
scanning, has increased immensely, allowing for new environmental simulations and
modeling approaches over high-resolution geospatial areas. One of the key technologies
enabling this is aitborne LiIDAR (Light Detection and Ranging) laser scanning, providing
high-resolution 3D capture of large geographic areas. This enables new applications for
energy modeling, especially for energy resource assessment and spatial planning (Avtar,
2019). In recent years, various simulation approaches have been developed for estimating
high-resolution solar potential (Luka¢, 2023), wind potential (Lukac, 2017), and other
renewable energy sources over specific geographic locations. One of the challenges in
understanding the urban climate is the accurate estimation of land surface temperature
(LST), as well as air temperature, over high-resolution geospatial data (Hofierka, 2022).
There are many challenges ahead for accurate LST estimation, especially regarding remote
sensing data (e.g., preprocessing, missing data, availability, inaccuracies, noise, etc.) and
the aspects of deep learning or physical models used in analytical simulations (e.g.,

computational complexity, assumptions, validation, etc.). Our finding is that now is just
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the right time to solve these challenges in an accurate and efficient manner, as the amount
of heterogeneous data is sufficient, and the rise of high-performance computing has
enabled more complex physical models to be used within simulations over geospatial data.
New methods for accurate estimation of LST provide new applications for urban planning

(e.g., mitigation of urban heat islands) and energy modeling (e.g., thermal panels).
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Because of long LV feeders, MV/LV transformer tap changers ate set higher to
compensate for voltage drops, making it difficult to connect many photovoltaic power
(PV) plants, due to voltage increases during peak generation. Due to the structure of the
LV network, even the use of MV/LV transformers with automatic underload tap changers
(ULTC) often doesn’t help much and is very costly. Therefore, we are developing a system
that will enable us to connect more PV plants to the LV network, with occasional

limitations in generation.

The paper presents a real-life case of dynamic generation control of a PV plant connected
to an LV network, and the development of a system that controls RES generation based
on close-to-real-time measurement of voltage at a critical point of the network and cloud-
based connections. The analysis is presented of a one-year operation in such a regime. The
results, which will be presented, demonstrated huge potential to increase PV generation
on the national level, with only minor curtailment and a very small investment. Also, some

economic effects will be presented.

Further development of a system will be presented, based on the voltage estimated by the
state estimator, avoiding the need for any additional online measurements. State estimation
in the Advanced Distribution Management System (ADMS) estimates the current state of

the distribution network (voltages, currents, and loading) at all nodes. It considers
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measurements from various devices, to calculate the state variables of the system. These
will be the basis for the decision to reduce the generation of any PV plant connected to a

particular LV feeder.
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The Advanced Metering Implementation Plan within the electrical distribution system of
Slovenia from the year 2016 represented a document that provided a plan for the
introduction of an advanced measurement system, as specified in the Measures and
Procedures Regulation from year before. In 2016, 45% of the measuring points had
already been equipped with the system counters, but the level of advanced services had
not yet been at an acceptable level. At that point, the development of more advanced
technological and personal protection solutions required verification and updating of the
proposed guidelines as well. After six years, we can say that Slovenia ranks among the
leading European countries related to installing advanced measuring devices. At the end
of 2022, 91.9% of users on the distribution system were already equipped with advanced
metering devices, while 89.2% were actually connected to the remote capture of
measurement data. A Distribution System Operator operates with data, accurate to the
measuring point, on a monthly basis, and these are linked to data on the location. The data
in the distribution system operator database reflect the situation for the whole of Slovenia,
as they include data measured with the help of smart meters, and flat-rate data that are

calculated annually. Households™ electricity consumption from smart meters in Slovenia
for a 4 year period (2020-2023) is dealt with in the work.
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This paper presents a comprehensive analysis of optimizing the performance of a
photovoltaic/thermal system installed at the Institute of Energy Technology, Faculty of
Energy Technology, University of Maribor. With the advent of commercial photovoltaic
systems taking a pivotal role as prime units for generating electricity from renewable
sources, the market has witnessed the emergence of several innovative photovoltaic
system products. These products leverage diverse cooling methodologies aimed at
enhancing their operational efficacy. Among such innovations is the so-called
photovoltaic/thermal system, distinguished by its cooling mechanism, which not only
facilitates superior electrical energy production compared to standard commercial
photovoltaic systems, but also, concurrently, generates a portion of thermal energy by
harvesting the heat extracted from the system itself. The optimal functionality of this
system is contingent upon an integrated setup comptising photovoltaic/thermal modules,
thermal energy storage, and the requisite electrical and mechanical infrastructure. A pivotal
component for the system's operation includes circulation pumps, which are instrumental
in modifying the coolant's flow rate, thereby ensuring efficient management of both
electrical and thermal energy production. The primary objective of this paper is to
delineate an optimization strategy for maximizing the electrical or thermal energy output

of the aforementioned photovoltaic/thermal system, employing a sophisticated
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optimization algorithm. This entails a thorough examination of the system's design
parameters, operational dynamics, and the implementation of an algorithm capable of
identifying optimal operational configurations, thereby enhancing the system's overall
performance and energy yield significantly.
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This paper focuses on the identification and evaluation of implicit and explicit flexibility
mechanisms that household users can employ for effective energy management. Implicit
flexibility mechanisms refer to automated or algorithm-driven responses of household
devices or systems to changes in energy prices, grid conditions, or user preferences. On
the other hand, explicit flexibility mechanisms involve user-initiated actions or decisions,

aimed at optimizing energy consumption and cost savings.

The study first delves into the development of autonomous decision-making logic for
flexibility mechanisms, emphasizing the importance of creating algorithms or frameworks
that enable devices to adjust their operations autonomously. Subsequently, it evaluates the
benefits of employing both implicit and explicit flexibility mechanisms on various

performance indicators, such as energy consumption, cost savings, etc.

By assessing the impact of flexibility mechanisms on these indicators, active users gain
insights into the potential advantages and trade-offs associated with different strategies.
For example, the implementation of demand response programs may lead to reduced peak

loads on the grid and lower electricity costs for active users, but may also require users to
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relinquish some control over their devices, or adjust their behavior in response to external

signals.

Overall, the paper contributes to the understanding of how implicit and explicit flexibility
mechanisms can optimize energy use and promote sustainability in residential settings. It
provides valuable insights for active users to make informed decisions about energy
management strategies, and advance the development of more efficient and resilient

energy systems in households.
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The energy policy of the European Union places special emphasis on increasing the share
of renewable energy sources, leading to a reduction in dependence on unreliable and
volatile fossil fuel markets. Solar power plants play a crucial role in this transition. The
energy policy also includes mechanisms or support systems for the operation of such
tacilities and devices. The article provides an analysis of the movement of electricity prices
in the last decade, and answers the question of which type of support (guaranteed purchase
or operational support) has proven to be more profitable for investments in solar power
plants up to 50 kW in Slovenia in the last decade, considering the impact of economic and
geopolitical factors on the electricity market. Although the world has witnessed numerous
global events in the past years affecting energy markets, it has been shown that the
COVID-19 pandemic has not impacted the electricity market significantly. In contrast to
the pandemic, the start of the war in Ukraine affected not only the rise in electricity prices,
but also changes in the dynamics of supports that are crucial for the development and

sustainability of renewable energy systems. Analyses of the past decade show primarily a
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higher profitability of investment in solar power plants, by choosing the operational

support mechanism over guaranteed purchase support.
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The green transition and corresponding policies within the European Union have spurred
the integration of distributed renewable energy sources (RES). Primarily consisting of
small to medium-sized solar power plants, these installations are typically linked to the
grid within the low-voltage (LV) segment of the distribution network (DN).

The focus of this article is determining the optimal size and location of Battery Energy
Storage Systems (BESS), to enhance the voltage profile within the LV segment of the DN.
Our approach assumes that the ideal location for the BESS is at a node within one LV
outlet, requiring minimal BESS power to uphold voltage profiles within predetermined
limits across all nodes within that outlet. Additionally, we base our algorithm design on

this assumption, to facilitate the selection of the optimal BESS size and location.

The primary motivation behind this paper is to address challenges encountered by local
DSOs from the perspective of a network planner. Daily, network planners grapple with

issues surrounding inadequate voltage profiles, a problem that can be addressed effectively
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through the methods proposed herein. This topic holds significant relevance, as the
problem remains a key barrier to the seamless integration of renewable resources into the

network infrastructure.
The article will cover the following key topics:

— Development of an algorithm to determine the optimal size and location of a BESS
for resolving voltage profile issues within a single L'V source.

— Evaluation of the BESS technologies to ascertain the most suitable option, followed
by the sizing of the chosen technology.

— Simulation-based verification of the BESS's ability to influence the voltage profile.
This will involve scenarios where the BESS is discharged or charged as required by
network demands, validated through simulations conducted on the selected

network configuration.
The presented paper will be constrained by the following limitations:

— Limited availability of load measurements and voltage profiles within the DN

— The necessity to account for the asymmetric load of the lines during the modelling
and simulation of the LV network, based on the available measured variables.

— Measurement data spanning only fourteen days, acquired on-site, imposing a
temporal constraint on the analysis.

— Due to the restricted timeframe of measurements, the determination of the optimal

location and size of the BESS can only be conducted for the specified period.
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3DIVERSE implements a holistic, multi-sectoral and multi-level approach to planning
and implementing investments in sustainable energy infrastructure through the
coordinated application of supply and demand side measures. The conventional
fragmented and piecemeal approach to investments, which are collectively essential for
the successful implementation of the energy transition, will be replaced by a novel
approach based on the integration and aggregation of investments in four interconnected
sectors, which will ensure optimal results in terms of environmental, socio-economic and
financial benefits. The project will address four sectors critical to the energy transition

collectively:

— A sustainable and low-carbon energy supply for space heating and domestic hot
water (decarbonization through comprehensive renovation of the local district
heating system by phasing out fossil fuels, substitution with renewable energy

sources and improved process control).
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— Deep energy renovation of existing buildings (implementing comprehensive energy
renovation measures to reduce final energy demand and supporting renovation
approaches based on decentralized energy production - consumers become
prosumers, investors and beneficiaries).

— Renewable electricity generation, storage and load management (facilitating
investment in renewable energy capacity and developing capacity for load
management and grid stability).

— Zero emission mobility with alternative propulsion (improved access to public
transport and access to a sustainable transport infrastructure based on zero

emission technologies).

The 3DIVERSE approach is based on the premise of maximizing the mobilization of
private capital, and encouraging community-driven investment by providing mechanisms
that ensure better access to capital, lower investment costs, high transparency and financial

and social incentives.

References

Gregor Cvet (2016), Daljinsko ogrevanje v Saleski dolini neko¢ in danes. Technical report, Komunalno podjetje
Velenje, d.o.o.

Tomaz Kuzner (2022), Zelena transofrmacija KPV. Predstavitev KPV

Elektro Celje, EU projekt 3DIVERSE - podatki, Ljubljana, 2023

Mestna Ob¢ina Velenje, Lokalni Energetski koncept, Velenje, 2022

Mestna Obcina Soétanj, Lokalni Energetski Koncept, Soétanj, 2022

Mestna Obi¢na Smartno ob Paki, Lokalni Energetski Koncept, Smartno ob Paki

Solar Smiths, [Elektronski]. Available: https://www.solarsmiths.com/blog/solat-rooftop-system-technical-faqs/.
[Poskus dostopa 31 marec 2023]

TES, [Elektronski]. Available: https://www.te-sostanj.si/aktualno/medijsko-sredisce/letna-porocila/. [Poskus
dostopa 17 marec 2023]

Our World in Data, [Elektronski]. Available: https://ourwotldindata.org/co2/country/slovenia. [Poskus
dostopa 17 marec 2023]

Municipality of Velenje, Sustainable energy transition,Velenje

Fuel cells and hydrogen, joint undetaking, [Elektronski]. Available: http://www.fch.europa.eu/project/clean-
hydrogen-european-cities . [Poskus dostopa 20 marec 2023]

Plug, [Elektronski]. Available: https://resources.plugpowet.com/electrolyzers/ex-425d-f041122. [Poskus
dostopa 24 marec 2023]



6™ INTERNATIONAL CONFERENCE ENRE - ENERGY & RESPONSIBILITY -ﬁ-
BOOK OF EXTENDED ABSTRACTS gl
S. Seme, K. Sredensek (eds.) University of Maribar Press

EVALUATION OF ENERGY FLOWS IN THE
DISCTRICT HEATING SYSTEM IN VELEN]JE

MARKO KEBER,! TINE SELJAK,! KATJA KLINAR,! ANDRE] KITANOVSKI,'
JANEZ RAMSAK?

University of Ljubljana, Faculty of Mechanical Engineering, Ljubljana, Slovenia
marko.keber@fs.uni-lj.si, tine.seljak@fs.uni-lj.si, katja. klinar@fs.uni-lj.si, andrej.kitanovski@fs.uni-lj.si
Komunalno podjetje Velenje, d.o.o., Velenje, Slovenia

janez.ramsak@kp-velenje.si

Keywords: district heating system modelling, heat flow losses, reduction of CO.

emissions, pipeline insulation, lowering temperature regimes

Considerable improvements in the efficiency of an existing district heating system can be
achieved by upgrading the thermal performance of its distribution, which, in a large and
complex network such as the one in Velenje, has a sizable impact on the overall energy
consumption required for heating, and, consequently, also on the amount of local CO2
emissions. These can be greatly reduced by replacing the damaged pipeline insulation
material and by lowering the temperature regimes. Simulations carried out with a reduced-
order model developed by Keber et al. (2023), which is based on the steady-state condition
of the system and the simplified form of the conservation of energy (Duquette et al., 2010),
indicate that insulation has a much more pronounced effect on total system losses
compared to the changed temperature regime. In the given example, where certain
sections in the original pipeline configuration are insulated insufficiently, lowering supply
temperatures by about 15% without introducing other improvements will reduce heat flow
losses by a similar amount, between 15% and 20%. With the addition of new insulation,
the losses can be reduced in some cases by more than 80%. Applying the same lower
temperature regime on the fully insulated system will provide further savings, albeit at a
more modest rate. Although more savings could be obtained with lowering of the system's

temperatures below 100°C, the study was limited to examples where, according to



70 6" INTERNATIONAL CONFERENCE ENRE - ENERGY & RESPONSIBILITY

Bolonina et al. (2015), major modifications of the district heating network would not be
expected.
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The utility company Velenje, as a heat energy distributor, is facing a big challenge, as it is
in the phase of transformation of the Saleska Valley district heating system. One of the
main tasks of the transformation is the transition to a lower operating temperature regime

of the entire heat distribution system.

The article analyzes the approach to lowering the entire temperature regime of the district
heating of the Saleska Valley on the basis of implemented and planned energy renovations
of the thermal envelope of multi-apartment buildings in the area of the Municipality of
Velenje MOV). The starting points are presented for changing the existing temperature
diagrams of the distribution network and the effects of the transition of energy-renovated
buildings from the existing high temperature regime of 85/65°C to the reduced
temperature regime of 70/50°C. Test measurements of the internal heating installations
of energy-renovated buildings show that living spaces can be heated in the winter months

with a temperature in the range between 40-55°C.
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The general conclusion of the article is that the transition of buildings to a lower heating
temperature regime represents a great potential to lower the temperature regime of the
main, primary and secondary networks, and, consequently, to lower the heat losses of the
entire heat distribution system of the Saleska Valley. Lower temperature heating paves the
way for the integration of renewable production heat sources and the decarbonization of

the existing high temperature heating method.
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This study investigates the ultrasonic atomization of water using a piezoelectric transducer,
employing a 2D Particle Image Velocimetry (PIV) system to track 50 pm polyamide
particles, revealing particle movement vectors near the transducer. The PIV system
facilitates analysis of water current movements, enhancing understanding of ultrasonic
atomization dynamics. Observations include fluid flow from the sonotrode to the surface,
implying the effects of ultrasonic waves on liquid dynamics and cavitation bubble
interaction with capillary waves. An Nd:YAG laser from Litron Lasers, equipped with a
532 nm harmonizer and polarization attenuator, illuminated the scene, with Dantec
Dynamics providing the optics, camera, and analysis software. The water was seeded with
polyamide powder to visualize particle movements. Utilizing "double frame" capture, 60
images at 100 Hz were acquired, calculating velocity vectors to demonstrate the consistent

direction and speed above the transducer.

The results assemble a vector field above the nultrasonic transducer at a specific time.
The water flows from the sensor to the surface, and the velocity near the sensor is lower
than near the surface, which may indicate the fact that cavitation bubbles travel from the

ceramic plate of the ultrasonic actuator towards the surface.
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The geostrategic situation in the world reminds us that, for a country that wants to be
sovereign, it is necessary to strengthen the degree of self-sufficiency in energy and food
production as soon as possible, while, at the same time, taking care of sustainable
environmental and social development. In the field of Renewable Energy Sources,
Slovenia has the greatest privilege in the use of hydropower and wood biomass. The paper
presents the importance of implementing multi-purpose and goal-oriented projects, such
as hydroelectric power plants (HPP), which fulfil several set strategies of the State and
local communities. Since every human intervention in the environment has certain
impacts, the paper shows how synergistic effects can be created between environmental
protection and energy development through responsible environmental planning and
implementation of the best possible measures on a practical example of the multi-purpose
construction project of an HPP on the lower Sava. Specifically, the multi-year results are
presented of the fish passage at the HPP Arto-Blanca. These are so-called mitigation
measures that allow fish species to migrate past hydroelectric power plants and thus

maintain healthy fish populations; maintain genetic diversity; connect and preserve the
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entire aquatic ecosystem. The paper introduces the topic of fish migrations and barriers
on watercourses in the introduction, and shows the current situation in Slovenia and
around the world. In the core, an example of the effectiveness of the operation of the fish
passage at HPP Arto-Blanca is discussed, which is supported by concrete data from multi-
year monitoring. The trend and obligations in planning such passages in the future are
presented using the example of future HPPs in Slovenia. In the synthesis, a discussion is

held on the improvement or symbiosis of energy and the environment over time.
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The EU has set itself the ambitious goal of reducing its impact on the environment while
ensuring economic and social sustainability. The EU's concern about climate change and
depletion of natural resources has sparked interest in fuel cell and hydrogen (FCH)
technologies, along with the search for sustainable ways to produce, transport and use
hydrogen (Clean Hydrogen Joint Undertaking, 2022). One of the key points to pursue
these sustainable pathways is the proper consideration of critical EU materials, which are
becoming increasingly important for FCH technologies from an economic and
environmental perspective. The EU's focus is on the recovery of critical materials in all
future technologies where platinum is a particular focus, especially in PEMFC technology.
The work carried out as part of the EU-funded BEST4Hy project aimed to produce
innovative life-cycle inventories of recycling technologies, and to assess the environmental

and economic life-cycle performance of PEMFC recycling processes. In this work, the
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hydrometallurgical process for the recovery of platinum from the waste PEMFC stack in
the form of Pt salt for closed-loop recycling is presented in detail. An LCA methodology
was used to calculate the environmental impact of Pt recycling, and a new life-cycle cost
(LCC) model was developed for the economic performance. The environmental impact
results show that recovered Pt has a significantly lower impact (82%) compared to virgin
Pt. This means that this recycling technology shows promising results in the context of
the circular economy, and the LCC also shows promising economic potential for the

recycling industry.
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Accurate determination of the spent nuclear fuel characteristics, such as decay heat,
activity, neutron and photon source term, is essential for the safe and economically
efficient Spent Fuel (SF) storage, transport and disposal. Some of the observables can be
determined using non-destructive analysis methods. However, due to the considerable
time required for such measurements, it is impractical to measure every single spent fuel
assembly. Rather, one should rely on the prediction capabilities through modeling and
simulations, coupled with a limited number of validation measurements. The importance
of adequate calculations, with a reliable estimation of uncertainties and biases, is, therefore,

of paramount importance (Rochman, Kromar, et al., 2023).
Spent fuel characterization calculation uncertainties are coming from:

— Calculation methods (stochastic or deterministic)
— Nuclear data

— Modeling approximations

For a solid characterization process, calculation methods should be validated thoroughly
against the benchmark experiments. The accuracy of the nuclear data libraries has been

improving over time. Nevertheless, the uncertainty associated with the applied library
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should be determined for the particular application (Cali¢, Kromar, 2022). Modeling
uncertainties are caused by:

— Lack of the precise SF irradiation history data

— Uncertainties in the as-built manufacturing SF data

— Approximate nature of the calculation models

A comparison of the predictions with the benchmark measurements seems to indicate
that, with the current state-of-the-art methods and models, decay heat prediction cannot
be expected to be better than 5% (one Standard Deviation) (Rochman, Kromar, et al.,
2023). The uncertainties in the neutron and photon emission rate are, due to the specific

nature of both observables, higher.
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The STC (steam turbine condenser) is a surface, shell and tube type vacuum condenser,
cooled by a cooling water system from a river. The STC has two water passes and two
water flows. The condenser shell is made of carbon steel, and has 4,910 cooling tubes
made from CuZn28Sn1As brass (dimensions 23,0 x 1,0 mm, 6.400 mm length).

Three new steam dump devices (SDDs) were added onto the condenser. Two SDDs are

used for high-pressure (HP) steam and one is used for low-pressure (LP) steam.

The basic purpose of the SDDs is to dump steam from the boiler, via the bypass system,
into the STC. The bypass system is used mainly during start-ups, shutdowns and the

transfer of excess steam.

The Commissioning and Trials Board tested the new SDDs. The trials ran for five hours.
During commissioning high condensate levels in STC have caused trips. In addition,
online monitoring showed high conductance of condensate. After opening the condenser
water chamber doors, and filling the steam side of the condenser with water, it was
observed that twenty-eight cooling tubes were leaking. The leaking tubes were plugged.
Four cooling tubes were extracted and two condensate samples were provided for analysis.
During the extraction of the cooling tubes the other tubes were checked visually with a

borescope, to determine the internal condition of the tubes.
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The analysis results show that all cracks on the tubes that were extracted are at the same
position on the tubes, about 5 mm from the tube sheet on the front side of the condenser,
where the cooling water inlet and outlet are located. Grooves were found on all the other
tubes at the same place, and are characteristic of stress-corrosion cracking influenced by

ammonia.
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The electricity supply at Naklo Biotechnical Centre increased by 12.09% to 574,677 kWh
in the period 2017-2023. During the COVID-19 pandemic, the total consumption
decreased by 30.64% in 2021. The solar power plant, with a rated capacity of 89.835 kW,
which is connected to the internal grid, supplied 82.368 kWh of electricity in the bad
weather year 2023, or 15.36% of the total demand; and 101.258 kWh of electricity in the
good weather year 2022, or 25.72% of the total demand. The remaining electricity was
supplied by ECE, Ltd., ranging from 74.28% in 2022 to 85.67% in 2023. The electricity
consumed ranged from 56.1% to 58.6% during the higher daily tariff when the educational
process is taking place, and from 41.4% to 43.9% during the lower taritf when sporting
activities and commercial and extra-curricular activities are taking place. Heating with
extra-light fuel oil has been replaced gradually by the new energy source, natural gas.
During the COVID-19 pandemic in 2020, heat consumption was reduced by 16.2%.

For heating, natural gas accounted for 97% of the consumption in 2023, with 1,129,866
kWh. The greenhouses are heated with fuel oil, and the dairy and fruit workshop with
wood chips. The carbon footprint of the heat consumed has been reduced by 20.9% from
2,753.88 tonnes of CO2 emissions to 2,178.25 tonnes of CO2 emissions by replacing fuel
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oil with natural gas. The total carbon footprint of electricity and heat was reduced by
18.6%, from 3,185.05 t of CO2 emissions to 2,592.28 t of CO2 emissions.
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The HESS Project is an international research project, funded by the Research Fund for
Coal and Steel, with the major aim to develop a hybrid energy storage system by using the
post-mining infrastructure that include shafts and other underground spaces. The
partnership of universities, institutes and industry investigates the possibility of its use for
parallel energy storage in pumped storage systems, compressed gas — air and CO2 systems,
and thermal energy storage. The potentials of geothermal energy and CO2 storage will
also be investigated additionally.

The assumed total energy storage capacity will be 30 MW. Each HESS component will
have its own thermal and mechanical integration algorithm, which will be developed
during the project. Optimal cooperation of HESS’s various elements will be supervised by
an energy router, which will manage energy exchanges with the national power grid for

the intake of low-cost green energy and peak energy production.

Technical and economic analysis will form the basis for work on the construction of a
pilot plant and industrial implementation of the project results, which is believed to offer
many technological, economic and environment-friendly transition solutions for existing

coal regions.
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Premogovnik Velenje (Coal Mine Velenje) is a Slovene partner in the project, and provides

technical data for system modelling and accesses feasible solutions.

The HESS project is funded by the Research Fund for Coal and Steel, and includes the
Institute of Energy and Fuel Processing Technology (Poland), the Silesian University of
Technology (Poland), Institut Techniki Gorniczej (Poland), the Technical University of
Ostrava (Czech Republic), and Premogovnik Velenje (Slovenia).
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This paper discusses the impact of man-made hydraulic river structures, particularly
hydroelectric power plants, on river ecosystems. These structures, while serving purposes
like flood management and energy production, disrupt natural flows and habitats. The
construction of multiple hydroelectric power plants along a river can lead to alterations in
flow patterns and depths, affecting upstream tributaries. Concerns raised by non-
governmental organisations highlight the threat to various fish species protected under

EU Directives, especially at critical spawning grounds.

Studies commissioned by environmental groups emphasise the significance of disputes
surrounding specific hydroelectric power plant projects in shaping the future of the
ecosystem and the survival of species. The change in water levels caused by hydroelectric
power plants impacts rivers significantly and, consequently, fish spawning habitats. The
proposed sustainable measures aim to mitigate these impacts by simulating flood levels

and focusing on preserving spawning areas for representative fish species.
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The implementation of such measures, including lifting the river bottom and creating
pebble habitats, is crucial for maintaining hydrological and ecological balance. Without
these interventions, there is a risk of further degradation of river ecosystems and loss of
tish habitats. However, the current focus on spawning and river hydraulics neglects the
broader needs of fish populations at different life stages. Future investigations should
prioritise understanding the habitat requirements of all endangered species, and

implementing measures to enhance habitat quality throughout the river system.
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On the order of xx, we created and produced a virtual model of low-carbon energy
sources. The model includes a computer visualization of individual objects arranged in a
common disposition of placement. The layout is arranged in two levels, one represents
the new block of the nuclear power plant in Vrbina with a silo for the storage of low-level
radioactive waste, and the other the HPP Mokrice, with its surroundings and the
construction of fishing lanes. From HESS and IBE, we obtained basic models for the
hydroelectric power plant and its surroundings, as well as a silo for the storage of low-
level radioactive waste. There are still no basic data on the second nuclear power plant
unit, so the second nuclear power plant unitis a transferred generic model. The disposition
also includes a silo for storing low-level radioactive waste, and the basic model is also
provided by IBE. The basic layout is arranged in the form of a mock-up and ready for 3D
printing, as shown in the picture. All the models were transferred using standard interfaces
(STEP, IGES) and mapped and placed in space. Mapping includes, firstly, reduction to
suitable dimensions, subsequent deletion of details that are too small for 3D printing, and
assembly of individual models into a solid model as preparation of the model for 3D

printing. Preparation for 3D printing includes cutting models according to the dimensions
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of the 3D printers, constructing connection points, and, of course, supports. After

printing, the models were cleaned, sanded, assembled, and painted.
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The main topic I am going to focus on in my presentation is a crucial strategic decision
Slovenia is faced with at the level of its energy future. It has to decide whether the new

nuclear power plant in Krsko is going to be built or not.

At the beginning of 2024 the Prime Minister, President of the Republic of Slovenia,
President of the National Assembly, President of the National Council and Presidents of
parliamentary parties all agreed that the Referendum on theSlovenian Nuclear future was
going to be held in November 2024. To secure the expert support people need to make
an educated decision in such a complex matter the Slovenian government decided to
tallow the experience of the most developed democratic systems in Europe and the World.
In cooperation with colleagues from Holland, Denmark and Sweeden, where they are
using deliberation processes to secure energy transition, Slovenia will use a deliberative

assembly to include its citizens in scientific, reasonable and non-populistic discourse.

I'am going to focus on three fundamental strategical questions: Why is the deliberation as
a process so important for the legitimacy of the current Referendum on the nuclear power

plant? Why is the deliberation process as a basic democratic form so important for
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Slovenian energy transition, and why we have to change all three key dimensions of the
Slovenian Energy System to secure the synchronization of its development with key

elements of the Paris Agreement, European Green Deal and Aarhus Convention?
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Ventilation in mines plays a crucial role in the safety and operational efficiency of mining
operations, ensuring appropriate working conditions and managing risks associated with
mine gases. The ventilation system in the Velenje Coal Mine, until recently, comprised the
existing ventilation stations in Pesje and Sostanj, which were built and commissioned more
than forty years ago. With the inclusion of a new ventilation station at the beginning of
2024, we now operate with three ventilation stations: the So$tanj Ventilation Station (main
ventilator and backup ventilator, both of 1,800 kW power), the Pesje Ventilation Station
(main ventilator of 800 kW power and backup ventilator of 600 kW power), and the new
NOP II Ventilation Station (two ventilators of 1,000 kW power each). An interesting
innovation is the ability for occasional parallel operation of two ventilators at the NOP 11
Ventilation Station, meaning simultaneous operation of the main and backup ventilators
for greater system reliability. The ventilation system supplies the mine with approximately

27,000 m3/min of fresh air, which is sufficient for ventilation needs.

The development of the NOP II Ventilation Station involved challenging design and
construction projects, including a 393-metre-deep ventilation shaft, which represents the

technically only acceptable solution for a long-term ventilation strategy ,along with the
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existing So$tanj Ventilation Station until the end of excavation and the completion of
closure operations in the mine. The entire NOP II Ventilation Station facility, with all its
devices, meets high and modern standards (BAT technology), which ensure primarily the
safe production of coal and the safety of employees in the Velenje Coal Mine. With shorter
ventilation paths and the high energy efficiency of the system, which provides efficiencies
above 70%, the project represents a significant step forward in the development of more
efficient and safer mining operations in the Velenje Coal Mine, as well as reducing its
environmental impact. The new ventilation station will relieve the existing ventilation
stations in Pesje and Sostanj, thereby reducing emissions and unpleasant odours from both
previous ventilation stations significantly, which are in close proximity to urban city

centres.
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Coal Heritage is an accompanying measure European project that focuses exclusively on
the promotion of coal mining heritage in post-mining regions, and in regions where coal
mining is facing transition. As coal mining heritage is a very typical example of industrial
and geological heritage with a profound effect on a local, regional and national level, an
initial analysis was done of an inventory and categorization of mining assets. In addition,
a comparative analysis of national reports provided better insight into coal heritage

management in Europe.
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The overall goal of the Project is the development of an interregional network for the
promotion and protection of coal mining heritage in mining regions. The goal aims to
support local communities and their residents in the transition through the repurposing
of coal mines. The general plan is to provide access to re-skilling programmes, create the
potential to stimulate new economic activities in these areas and develop jobs in new

economic sectors, especially in relation to the coal regions in transition (e.g., tourism).

To achieve wide promotion and to develop a dedicated strategy, the project will create a
platform, the European Visual Map Journal (EVM]J), which is an interactive web GIS tool.
In scope of the project there will be the collection, interactive presentation and
dissemination of heritage assets of mining and post-mining coal areas on selected coal

mining territories in Slovenia, Greece, Poland, France and Germany.
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Marine litter (ML) is divided roughly into micro- (particles of anthropogenic origin smaller
than 5 mm) and macro-waste (an object of anthropogenic origin larger than 5 cm)
(Ministry of Natural Resources and Spatial Planning/ MNRSP, 2022). Since 2014, Slovenia
has been conducting pilot monitoring of marine litter on the sea surface, seabed, coastal
sediments and marine organisms (fish and molluscs). Analyses to date have shown the
presence of micro-waste (including microplastics) in both fish and shellfish. (National
Institute of Biology/NIB).

In the period 2013-2017, the Institute for Water of the Republic of Slovenia (IzZVRS), and
16 partner organizations from seven countries bordering the Adriatic Sea, with the
coordination of the leading partner from Slovenia, the National Institute of Chemistry,
monitored and recorded the deposition of marine macro-waste at four sites of coastal land

between Ankaran and Piran.

The latest inventory in the Adriatic Sea concentrated on the Gulf of Trieste. A thorough
examination of the Slovenian coastal region from Lazaret on the Italian border to Piran in
2023 has unveiled a persistent pattern of waste types consistent with earlier surveys. (INIB,
IzVRS) Cigarette butts continue to dominate, detracting significantly from the scenic
beauty of the landscape. The majority of the waste discovered is fragmented, degraded,
and challenging to identify. A new observation is the flatfish.
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Despite an evident increase in litter concentration along the coastline (MSF Directive
56/2008/EC), the overall pollution level of the Slovenian coast is deemed moderate (Speh
et al,, 2021), with specific areas undergoing regular cleaning efforts, notably within

protected zones.
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The article aims to raise awareness about the importance of overcoming challenges in
microplastic sampling in water bodies, and to highlight the role of such efforts in
promoting climate neutrality and the transition towards a more environmentally

sustainable future.

Improving microplastic detection helps us pinpoint pollution sources, potentially leading
to better cleanup strategies, stronger policies and greater public awareness. This advances
efforts toward a sustainable planet by reducing plastic waste and protecting aquatic
ecosystems. Researchers face challenges in waterborne microplastics™ sampling due to size
variation, diverse chemical composition, environmental background noise and lack of
standardised methodologies amongst some of the more pressing matters. Some of the
approaches are an effort to standardise sampling methods, integrating automated sampling
technologies and the use of analytical chemistry, and technologies such as FTIR
spectroscopy, Raman microscopy and visual characterisation under magnification, to

enhance the accuracy and efficacy of the obtained results.
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We have tackled the challenges by designing a water pumping and filtration system that
enables sampling of surface water bodies with a filtration chamber catching particles
greater than 200 micrometres, and a flow meter for better analytical interpretation. Further
goals in our efforts are the use of FTIR-ATR spectroscopy for identification of
microplastic particles obtained from the sampling. The system's key advantage is to ensure
measurement independence from water flow and sampling site depth, while offering
control over filtered water volume, enhancing accuracy and representativeness, and it is
mobile, easy to use and maintain, time and cost efficient, and adaptable for application in

various water bodies.
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With the European climate rules, the European Union undertakes to become carbon
neutral by 2050, with an intermediate goal of reducing emissions by 55% by 2030
compared to 1990. The demands of various customers, especially from the automotive

industry, are even more ambitious.

The first step is to calculate the company's carbon footprint. It is carried out according to
the ISO 16064-1 Standard or the GHG protocol. Only when the baseline is established

can companies begin to set goals and prepare action plans for achieving those goals.

Secondly, the goals for reducing emissions must be determined. These goals must be set
just ambitiously enough to meet the upcoming demands of customers. On the other hand,

overly ambitious goals lead to unnecessary costs.

Finally, a list of activities must be prepared to achieve the set goals. Each proposed activity

must also be evaluated. It is reasonable to divide the activities into three categories:
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— Short-term: The activities that are cost-neutral, or their introduction will not result
in high costs as to threaten the economic performance of the company;

— Medium-term: The activities that will be legally required, or are expected to be cost-
acceptable;

— Long-term: The activities that have the greatest potential, but are based on
technologies that are currently not yet ready for use, and their introduction is, for

the time being, associated with unacceptably high costs.

These results can be used in sustainable communication with customers and achieving

their requirements in the field of Sustainable Development.
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Corporate sustainability reporting is the process by which a company informs its
stakeholders, including investors, customers, employees and the public, about its
environmental, social and governance performance. We are at a time when society is facing
major challenges in the areas of environmental degradation, social inequality and economic
instability. Business must begin to realise its responsibility towards the environment, and
move towards positive changes that lead to sustainable operations and a circular economy.
The question is how EU companies are approaching the sustainability reporting aspect.

Do they have strategies and plans for reporting?

The EU adopted the Non-Financial Reporting Directive (NFRD) in 2014, and this was
the first legally binding obligation for companies to report non-financial information, and
today it is being upgraded by the CSRD (Corporate Sustainability Reporting Directive).
Environmental, social and corporate reporting (ESG) is therefore a core of the CSRD
Directive, and will now be mandatory for around 17,000 of the 50,000 companies in the
EU. The ESRS are European sustainability reporting Standards and are a key element of
CSRD. For the first time, companies must report ESG information and sustainability
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disclosures in a standardised, compatible and consistent form at EU level - just like

tinancial reporting.

Our research focused on the link between various existing sustainability reports and CSRD
guidelines and strategies. We analysed different EU sustainability reports and compared
them with each other. We found that more recent reports are more in line with the CSRD

Directive and contain more sustainability strategies.

Reporting is about assessing the company's sustainable performance and evaluating the
process of achieving measurable goals set by the company. Sustainability reporting
involves disclosing information about a company's activities, such as its environmental
impact, social responsibility initiatives and corporate governance practices. It is also
important to report on strategies and performance indicators and how the company
manages ESG risks and opportunities. All sustainability reporting goals in the EU are

based on the vision of creating a low-carbon and climate-resilient economy.
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Heavy metals (HM) are naturally present in soil' due to the weatheting of the element-rich
parent rock and by anthropogenic sources (industry, energy production, agriculture,
traffic)*. The agricultural source of increased HM concentrations in soil are HM-
containing fertilisers and pesticides. Agricultural soils are often considered polluted and

are therefore subject to soil contamination monitoring for food safety reasons.

Allotments are particularly at risk from intensive gardening, the general overuse of
fertilisers, soil conditioners often seen as a means of improving soil quality, in some cases
the overuse or misuse of pesticides and in the past the use of coal ash. In some cases,
landowners are also receiving untested and potentially polluted soils from elsewhere.
Therefore, the soils of the vegetable/allotment gardens ate generally consideted to be

'highly anthropogenised'.

Accotding to Slovenian legislation®, the HM concentration is considered elevated if the
HM concentration in the soil is above the limit immission value (LIV), polluted if it is
above the warning immission value (WIV) and critically polluted if it is above the critical

immission value (CIV).
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The HM content in the soils of 20 allotment gardens in the village of Legen (Municipality
of Slovenj Gradec, Carinthia) was analysed. The soil samples were dried, grinded and
sieved in the FVO laboratory and analysed 'by Bureau Veritas Commodities (Canada)
using Aqua Regia extraction to determine the 'pseudo-total content' for 37 elements (Ag,
Al, As, Au, B, Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe, Ga, Hg, K, La, Mg, Mn, Mo, Na, Ni, P,
Pb, S, Sb, Sc, Se, St, Te, Th, Ti, TI, U, V, W, and Zn 10 of which (in the frame) are

considered common HM soil contaminants.

The comparison of the HM concentrations in the garden soils with the well-known rich
natural geochemical background of the area showed that the values for all compared
metals, except Al, Fe, Ga, Sc, Th and Co, are higher than element natural backgrounds in
the Eastern Alps and in Slovenia as a whole. The HM concentrations in the garden soils
are within or slightly above the natural background values' but below the LIV with the

exception of Pb and Zn in four gardens, where the concentrations exceed the WIV®,

The garden soils in Legen village area have been anthropogenically enriched, most likely
by the introduction of manure and, in one case, untested and contaminated soils from
elsewhere. Most of the gardens are characteristically oversupplied with nutrients P and K;
the soils are moderately enriched with soil organic matter and have an average acidity of

pH 6.7, which means that soil is neutral.
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The water balance is a key to understanding the water environment and sustainable water
management. In Slovenia, several periodic water balances have been developed (Kolbezen,
1998; Frantar et al., 2008; Andjelov et al., 2015), and the last project is a result of work
between the Environmental Agency and the Research Center Jilich in Germany (FZ]) -
model mGROWA (Frantar et al., 2018a; Frantar et al., 2018b; Frantar et al., 2023). Itis a
deterministic water balance model with runoff as a water balance component showing the
water quantity in a specific area over a designated time. Total runoff (Qn) is a part of
precipitation that reaches the ground and does not evaporate, and is not retained in plants
or soil. Total runoff flows overland or subsurface into watercourses. It is calculated from
the basic equation of the water cycle balance: Qn = P - ET + AS, where P represents
precipitation, ET the actual evapotranspiration and AS the change in water storage
(Herrmann et al., 2015; Frantar et al., 2023). The model was verified on the 1981-2010
hydrological discharge data for total runoff and groundwater recharge (Frantar et al,,
2018b; Frantar et al., 2023). Respectively the mGROWA model is a robust regional water
balance model enabling analyses of the impact of climate change on Slovenia's water
balance, with runoff as one of major model outputs. This was also made within the OPS21
project (Bertalanic et al., 2018).
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The runoff (almost equal to discharge) is a major component in hydropower plant
production, and therefore essential for its long-term management. The present runoff
state and the future runoff expectations up to the year 2100 in Slovenia will be presented

at the EnRe Conference.
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Municipal wastewater has always been considered as something that causes problems,
diseases, eutrophication, bad smells; mainly something we don't want. In recent years,
wastewater was recognized as a great source of nutrients, energy, and opportunities for
reuse, but also it holds an infinite amount of information. The process of anaerobic
digestion with the production of bio-methane, the use of heat or kinetic energy of the
wastewater enables the production of renewable energy, which contributes to energy self-
sufficiency and reduces greenhouse gas emissions. Sewage sludge is a source of
phosphorus, nitrogen, and carbon, and can be recycled by using new treatment
technologies. The key of importance is recycling of phosphorus, one of the three most
important nutrients required for plant growth, since it was placed on the list of critical raw

materials due to limited quantities of phosphate ore.

Properly purified and treated wastewater can be reused for irrigation, industry, and
groundwater supply, thus reducing the pressure on fresh water. Wastewater also carries a
lot of information about peoples™ health and lifestyles. With the epidemiological analysis
of wastewater, we can ensure effective, fast, and coordinated tracking of new types of
viruses, and the examination of other important health parameters of the population

without ethical dilemmas.
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By applying new approaches to wastewater management, with the use of its hidden
potential, we implement sustainable energy production, critical raw material recycling,
reuse, and safety health measures, thus moving closer to closing the material and energy

loop and moving towards a circular economy.
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Heavy metals (HM) are naturally present in soil' due to weathering of the element-rich
parent rock and anthropogenic sources (industry, agriculture, traffic, energy production,).
The agricultural sources of increased HM concentrations in soil are HM-containing
tertilisers and pesticides. Agricultural soils are often considered polluted, and are therefore
subject to soil contamination monitoring for food safety reasons. Permanent crops are
particularly at risk, due to the intensive and traditional (over)use of pesticides and
tertilisers. Hop plantations are a special type of economically important permanent crop
in the Lower Savinja region. The product, the dried hop cones, is mainly exported. The
cultivation of hops requires intensive soil cultivation, fertilisation, and, above all, constant

protection of the hop plants.

Accotding to Slovenian legislation®, the HM concentration is considered elevated if the
HM concentration in the soil is above the limit emission value (LIV), polluted if it is above
the warning emission value (WIV), and critically polluted if it is above the critical emission
value (CIV).

The HM content was analysed in the soils of 10 hop plantations in the Lower Savinja
region. The soil samples were dried, groud and sieved in the FVO laboratory ,and analysed
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‘by Bureau Veritas Commodities (Canada) using Aqua Regia extraction, to determine the
'pseudo-total content' for 37 elements (Ag, Al, As, Au, B, Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe,
Ga, Hg, K, La, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, Sc, Se, St, Te, Th, Ti, TI, U, V, W, and

Zn and Zn, 10 of which (in the frames) are considered common HM soil contaminants.

The HM concentrations in the soils of the hop plantations are within the natural
background values' (below the LIV), with the exception of Cd, Cu and Zn, which are
above the LIV in some cases. The Cd concentration is elevated in 90 % (it exceeds the
LIV). The hop fields are not contaminated with Cd — the concentration does not exceed
the WIV. The Cu concentration is within the natural background values in 20 % of the
hop plantations (well below the LIV), 30 % is elevated (exceeds the LIV), while 50 % are
polluted with Cu (Cu exceeds the WIV). The Zn concentration is below the LIV value in
80 % of the hop plantations, 10 % exceed the LIV value, while 10 % of the hop plantations
are considered to be polluted with Zn (Zn exceeds the WIV value)®.

As expected, we found that the soils of the hop plantations contain significantly increased,
and, in some places, exceeded quantities of Cu and Zn, and, in some cases, also Cd.
Elevated concentrations of HM may also be reflected in other parts of the environment,

while the effects on food quality (i.e. elevated concentrations in beer) are not detected.
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Photovoltaic technology is a promising solution for enhancing energy security and
combating climate change. Its market is swiftly expanding, with projections foreseeing
continued global growth. The anticipated global photovoltaic installed capacity is set to
reach approximately 4500 GW by 2050 (IRENA, 2023). Beyond its evident benefits for
energy security and climate resilience, photovoltaic technology stands out as one of the
most eco-friendly options among all energy and electricity generation methods. This
distinction becomes particularly pronounced when considering its entire life cycle,
including end-of-life handling. Hence, ensuring proper management at the end of its
lifespan becomes imperative for maintaining the integrity of clean energy technologies
(IRENA, 2016). However, as the lifespan of photovoltaic modules draws to a close,
effective recycling methods become crucial to minimize environmental impact and
resource depletion. One of the primary challenges in recycling photovoltaic modules is
the need for standardized procedures, underscoring the importance of implementing
appropriate regulatory and technological approaches tailored to the conditions of each
country. While the European Union has adopted specific directives in this area, other parts
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need more adequately defined legislation (Sharma, 2019). Photovoltaic modules can be
tabricated from various materials, yet most of the market relies on monocrystalline silicon
cell technology, typically with a thickness between 150 and 180 pum. A monocrystalline
photovoltaic module comprises silicon cells and an antireflective layer of silicon nitride
(SiNx), with the front electrode of silver and the back electrode of aluminum (Mulazzani,
2022). The full paper reviews recent advancements in photovoltaic module recycling
technologies, focusing on predicting the potential mass of specific elements that could be
recovered through recycling in Slovenia, considering the installed capacity of solar power

plants.
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Electrical cables and their insulation are considered an elementary part of the electro-
energetic system, and all electric or electronic systems utilize electrical power for
operation. Despite their essential role, they are often taken for granted and not maintained
adequately (Ilie, 2011). Aging, characterized by the degradation of material and the
weakening of mechanical, electrical, and chemical properties of the polymer insulation,
results in the destruction of the cable. Typically, cables are designed to outlive the life
expectancy of the systems they operate. Issues arise when accelerated aging occurs due to
external factors, such as high or low temperatures, high humidity, the presence of olil,
aggressive chemicals, UV light, or ionizing irradiation (Mustafa, 2020). These issues
include an electrical field, high frequency, and heat resulting from the heating conduction
inside the cable (Li, 20106).

Standard tests exist for the analysis of cable properties, such as measurements of insulation
resistance, dielectric losses, partial discharges, time-domain reflectometry, and frequency-
domain reflectometry, each with its weaknesses and benefits (Lin, 2020). In addition to

electrical measurements, mechanical tests are also conducted, such as the intender
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modulus, based on the tensile test and measurements of the cable diameter
(Anandakumaran, 2007). Electrical and mechanical changes are caused by chemical
changes in the material resulting from molecule decay and the extraction of molecules due
to these changes. Techniques such as differential dynamic calorimetry, FTIR, and X-ray
fluorescence spectrometry are employed for these purposes (Pirc, 2018). XRF aims to
estimate the degradation of polymer insulation based on measurements of the presence or

absence of individual atoms to establish acceptance criteria.
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This paper analyzes the dynamics of residential electrical energy generation and
consumption within a low-voltage distribution grid. Motivated by the widespread
adoption of distributed energy resources and the escalating electrification of residential
heating systems, the study delves into the operational impacts of photovoltaic systems and
heat pumps. Additionally, it explores the potential advantages of integrating electrical

energy storage systems as a complement to photovoltaic systems.

The analysis is conducted through simulations of demanding operational scenarios arising
from annually occurring extreme weather conditions. Employing MATLAB Simulink, a
simulation model is developed to replicate a real low-voltage distribution grid feeder,
providing the simulation environment. The key deterministic input parameters encompass
grid topology and consumer load time series data, spanning one year with a resolution of

15 minutes.
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Mathematically modeled and weather-dependent photovoltaic systems and heat pumps
are allocated to residential consumers via the Monte Carlo method, ensuring a randomized
distribution. The voltage amplitude at the consumer level is observed as the criterion for
assessing power supply quality. The analysis explores the impact of integrating these newly
introduced systems on the daily voltage profile. Furthermore, photovoltaic systems are
updated with electrical energy storage systems, revealing promising potential in

augmenting low-carbon technologies within residential distribution grids.

The paper emphasizes the synergy among systems and combinations of technologies to
optimize residential energy systems and enhance grid stability. It explores innovative
pathways towards the integration of renewables and advancing to the goals of
sustainability.
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In this paper, an in-depth examination is conducted on the intricacies and operational
dynamics of integrating a photovoltaic system with an electricity storage unit, with a
particular focus on assessing the economic feasibility and practicality of moving towards
energy self-sufficiency. This investigation is especially pertinent given the current climate
of evolving Regulations and fluctuating market conditions. The paper analyzes the annual
electricity consumption and production patterns of a residential setup equipped with both
systems" solution methodically, aiming to shed light on the efficiency and sustainability of
such systems.

By gathering and analyzing data on the electricity production by the photovoltaic system
meticulously, alongside detailed monitoring of the household’s electricity consumption in
fifteen-minute intervals, the study sets out to determine the optimal specifications for the

electricity storage unit accurately.
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Moteover, the paper delves into the formation of electricity pricing schemes, a process
guided by the stringent Directives of the Energy Act and the Act on the promotion of the
use of renewable energy sources. This involves a nuanced consideration of both existing
and newly introduced methodologies for calculating network charges, which vary

significantly across different time periods.

Through a comprehensive techno-economic evaluation, the paper aims to provide critical
insights into the feasibility of achieving self-sufficiency through such systems under
various conditions. Additionally, it explores the synergistic integration of electricity storage
and photovoltaic systems, highlighting how these technologies can be combined
effectively to enhance energy independence and sustainability. This thorough analysis not
only underscores the potential economic benefits, but also emphasizes the environmental
impact, marking a significant contribution to the discourse on renewable energy and self-

sufficiency.
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Welding unites separate pieces into a single, unified entity known as a weldment. This
process applies to various materials, including metals, polymers, glasses, ceramics,
carbides, composites, and more. It is possible to weld both metals and non-metals
together. Broadly speaking, welding techniques for metal materials fall into two categories:
pressure welding and fusion welding. With the global market leaning increasingly towards
automated production, Robotics have become a staple in various technological and
manufacturing processes, due to their high efficiency. The push towards automation is
motivated primarily by the pursuit of quality, cost reduction, and worker relief. Although
robotic welding is still evolving, it is becoming more prevalent in numerous companies.
Robotic welding is characterized by its use of advanced, directionally programmed robots,
noted for their dependability. Incorporating robots into the welding process enhances
both the reliability and quality of operations significantly, as these robots can operate
continuously for 24 hours or longer. This enables companies to achieve superior quality,
increased productivity, and reduced production costs. Robotic welding is particularly
beneficial for large-scale projects, due to its high reproducibility and minimal error rate,
provided that the robots are programmed correctly. The focus of this paper will be on
single-wave welds on flat plates. Such welds are commonly employed in real-world
applications, to mend damaged energy component surfaces and to improve the

mechanical properties of the underlying material.
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The aim of this paper is centered around the exploration and assessment of the efficiency
and quality inherent in the automated welding process for the purpose of uniting tubular
steel components. A critical part of the study involved a comparative analysis between
traditional manual welding techniques and the cutting-edge advancements offered by
robotic welding. This examination extended to evaluating the impact of robotic welding
on the mechanical properties of the welds, specifically focusing on their hardness and
toughness. Additionally, the research delved into the microhardness of different segments
within the welded joint, encompassing the base material, the heat-affected zone, and the
weld metal itself. Moreover, the thesis highlighted the significance of meticulous material
preparation prior to welding, and underscored the need for finely tuned optimization of
the welding equipment's parameters. Through this comprehensive analysis, the research
aimed to provide insights into the advancements in welding technology, and their

implications for the fabrication of tubular steel structures.
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I the thesis presents the energy renovation of architectural heritage, using the example of
Villa Rozla in Velenje. The legal background and basic concepts in energy renovation and
cultural heritage protection are described. As part of the Diploma thesis, an analysis of the
building's energy efficiency was conducted, for the state before and after the renovation.
The effects of energy renovation were analyzed, and both calculated and measured energy
certificates were produced. The results of the conducted analyses confirm that the

renovation was logical and had numerous positive effects.
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