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CHALLENGES OF THE ENERGY TRANSITION IN 

THE ŠALEŠKA VALLEY 

 
MIHAEL SEKAVČNIK 
University of Ljubljana, Faculty of Mechanical Engineering, Ljubljana. Slovenia 
mihael.sekavcnik@fs.uni-lj.si 

 
Keywords: coal abandonment, renewable energy sources, district heating, sector-
coupling, infrastructure 
 
 
The EU Commission signed the Green Deal that will address achieving climate neutrality 
by 2050 and fulfil its international commitments under the Paris Climate Agreement. One 
of the most important measures in achieving climate neutrality is the abandonment of the 
use of coal as an energy source, which in Slovenia currently provides more than one third 
of dispatchable (flexible) electricity and is also a source of district heating in Ljubljana and 
the Šaleška Valley. Following the closure of the Zasavje mines and the local TET thermal 
power plant at the end of 2014, as well as the cessation of the use of imported coal in 
Ljubljana power station (TE-TOL) and the use of natural gas in new combined-cycle units, 
the Velenje coal mine and coal power plant in the Sostanj power plant (TEŠ) are due to 
close in 2033. In doing so, the Ministry of Infrastructure and the Šaleška Valley are 
counting on the possibility of drawing European funds for restructuring of the economy 
in the region, which is strongly marked by coal and power plant activities. In this study, 
the authors have left aside the issues relating to the demographic and educational structure 
of the population in the Šaleška Valley and instead consider some scenarios related to the 
consequences of such a decision for the valley and wider Slovenia. The fact is that the 
deficit of electricity and electricity system services coming from TEŠ (from Velenje lignite) 
will have to be compensated for, possibly by renewable energy sources, which requires a 
completely new concept of energy supply on both the production and consumption side 
in the whole of Slovenia. This means huge long-term investments in new energy sector 
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infrastructure, however, we are living in uncertain times, in which the war in Ukraine has 
shown in the most cruel way how sensitive the world is when it comes to dependence on 
energy imports. It is also clear that there is no unity at the EU level when it comes to 
responding to the Green Deal in the various member states. So, the question arises: How 
can we make the most meaningful use of the existing energy infrastructure in the Šaleška 
Valley for the further economic development of the region? At the same time, the need 
to provide district heating, which heats the entire Šaleška Valley from Velenje, Šoštanj and 
Topolšica, which is mainly supplied from cogeneration from TEŠ, should not be 
neglected. There are several ‘simple’ and popular solutions in the media – such as large 
heat pumps, a small nuclear reactor, geothermal heat, solar power plants – however, are 
these just cheap and enjoyable promises for political needs or perhaps the outlines of a 
new reality? The answers, of course, are never easy nor cheap. In addition to major changes 
in the entire economic systems, it will be necessary to change many energy-related habits 
that were also made possible by the energy source from the Velenje underground lignite 
mine.
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younes.mohammadi@ltu.se, math.bollen@ltu.se 

 
Keywords: power quality, fast voltage variations, seeking patterns, unsupervised learning, 
kernel PCA, time series clustering, post-processing 
 
 
This study addresses the issue of extracting sub-10-min patterns in fast RMS voltage 
variations from time-limited measurements at multiple locations worldwide. This is a 
rarely considered time scale in studies [1-3], however, it is one that could be of relevance 
for incorrect operation of end-user equipment such as lightning devices [4,5]. Moreover, 
short-term measurement intervals could be significant from the view of machine learning 
methods. To learn more about this time scale, the authors of this study propose an 
unsupervised machine learning method, which is applied to measurements from 57 low-
voltage locations in 19 countries throughout the years 2009-2018 (Table 1). Fifteen initial 
clusters/patterns are then extracted and converted to ten new ones (Figure 1) using a 
cluster merging strategy with patterns highly similar to those used in the post-processing 
approach useful for multiple locations. The results, together with the applicable statistical 
power quality indices, show the effectiveness of the proposed scheme in defining patterns 
per location. The statistics indices analysis also confirms that both indices (quantifying 
variations) and the proposed scheme (quantifying levels and patterns) are required for a 
full picture of sub-10-min oscillations. Moreover, the extracted patterns for every single 
location (Figure 2) could be used by equipment manufacturers connected to the grid. 
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Table 1: Measurement dataset from multiple locations per country and type of customer. 
 

Country 
No. of measurement 

locations 
No. of 1-s 

RMS voltage 
values 

Measurement 
hours 

No. of 10-min 
windows Other* Hotel Total 

Sweden 16 6 22 3348600 930.2 5581 
China  6 6 601800 167.2 1003 
Bosnia and Herzegovina  1 1 100200 27.8 167 
Austria  3 3 301200 83.7 502 
Italy  2 2 200400 55.7 334 
Turkey  2 2 201000 55.8 335 
Hong Kong  2 2 200400 55.7 334 
India 1 2 3 288000 80.0 480 
Spain  1 1 100200 27.8 167 
Switzerland  2 2 200400 55.7 334 
Romania  1 1 100200 27.8 167 
Netherland  3 3 295800 82.2 493 
Singapore  1 1 100200 27.8 167 
Portugal  2 2 200400 55.7 334 
Scotland  1 1 100200 27.8 167 
United Kingdom  1 1 100200 27.8 167 
Ireland  2 2 200400 55.7 334 
Slovenia 1  1 100200 27.8 167 
Zambia 1  1 100200 27.8 167 
Total (19 countries) 19 38 57 6840000 1900 11400 

 

 
 

Figure 1: Reconstructed patterns (cluster centres) including the number of samples belonging to each 
cluster: (a) Cluster 1 and 7; (b) Cluster 2; (c) Cluster 3 and 6; (d)-(f) Clusters 4-10 respectively. 

Source: own 
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Figure 2: Real and pattern-based RMS voltage for the 1st, 2nd and 3rd 5 hours of the 35h measurements 
at location 47. 

Source: own 
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This paper describes a proposed energy renovation of the worn-out building of Jesenice 
High School, which is in bad condition. The authors began by evaluating the current state 
of the building, which has been demonstrated based on energy indicators. The proposed 
renovation was then run theoretically and the results redisplayed with energy indicators. 
The paper concludes with a comparison of the results before and after the renovation and 
an evaluation of the renovation itself. 
 
Current status 
 
Jesenice High School consists of three parts. The main building, together with workshops, 
was built in 1949. In 1978, a gym was added. As the building is located on a bank, part of 
the ground floor is dug into the ground. It was found that the building has a net usable 
area of 7,480m2. Of this, 6,934m2 of space is heated. The building is heated by thermal 
energy supplied from the hot water district network. The temperature regime on the 
primary side is 130/70°C and 90/70°C on the secondary side. Two 356kW heat 
exchangers are installed between the primary and secondary heating circuits. Electricity is 
supplied through the public grid. The estimated installed electrical power is 250kW. The 
cold water supply is through the public network and it is then used mainly as sanitary 
water, which is prepared centrally within the heating station. The boiler has a capacity of 
750 liters. Sanitary water in the toilets on the other floors is prepared in electric water 
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heaters. The thermal envelope of all three buildings consists of floors, partially excavated 
walls, exterior walls, doors, windows and roofs. The thermal envelope in all three buildings 
is in poor condition, as the external walls do not have built-in thermal insulation. Due to 
unsatisfactory drainage of the workshop roof, the facade is already badly damaged. The 
roofs of all three buildings are also in poor condition from an energy point of view. Based 
on the data obtained from the study of the building physics of thermal protection for the 
Jesenice High School building and with the help of the KI Energija 2014 programme, the 
authors calculated the energy indicators of the building. From the energy indicators 
shown, it is evident that the building is in a poor condition energy-wise and is very energy-
consuming. The building is classified in the very high F class with 191kWh/m2 of annual 
heat demand. 
 
After renovation 
 
Energy accounting could be used to monitor the use of energy and other energy or 
ecological indicators in a building. Since larger deviations of energy consumption values 
can be determined from the average, it is possible to determine the causes more quickly. 
This provides an insight into the condition of the building and systems at all times, thus 
allowing the determination of any urgent measures. The authors of this paper suggest a 
contact façade for the school, in which 18cm-thick thermal insulation made of expanded 
polystyrene is installed. When calculating the thickness of thermal insulation, it is necessary 
to take into account the requirements of the Ekosklad fund. In the event of a public tender, 
the school can apply for a grant from the fund. The condition is that the thermal 
conductivity of the insulation is λ ≤ 0.045 (W/mK) or it can be smaller provided that λ/d 
≤ 0.25 (W/mK) (calculated by 1.1). 
 
  

 2167,0
18,0
039,0

==
d
λ            (1.1) 

 
A thermal bridge is an area on a building where the envelope has the highest thermal 
conductivity. These areas are the result of improper construction and poor or deficient 
insulation performance. As the heat in these places passes more easily from the building 
to the surroundings, the surface at the exit point thus cools down. This causes moisture 
condensation and mould to form. The facilities have many thermal bridges and need to 
be tackled individually. Solutions for individual details must be implemented so that the 
thermal bridges will have the lowest possible value in the calculation of heat losses. 
Thermostatic valves with a flow regulator and pressure regulator must be installed in the 
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heating system. This method allows the heated water to be properly distributed 
throughout the heating system, resulting in energy savings of up to 35%. Hydraulic 
balancing of the heating system is also required for the better functioning of the radiators. 
Hot-water ceiling radiators are installed in the gym and workshops. The effect of ceiling 
radiation can be compared to the sun, which heats the air and objects near the floor. In 
terms of the need for ventilation, it is necessary to install a mechanical plant in the attic, 
which will be used for ventilation and air conditioning. An inlet-outlet device with a built-
in heat pump and a waste heat recovery efficiency of around 90% would be used. All 
ventilation systems are equipped with automatic regulation, and modern fans with 
continuous speed or airflow adjustment are installed. Renewable energy sources would be 
included in the energy renovation. As part of the renovation of the roofs of all three 
buildings, the installation of photovoltaic modules made of polycrystalline solar cells is 
planned. Heat pumps are installed to prepare sanitary water, where the heat of the 
surroundings will be used. 
 
Condition after renovation 
 
As can be seen in Table 1 below, the energy class would improve significantly following 
renovation, from F to B1, with the heat required to heat 25kWh/m2 per year. Table 1 
shows the energy indicators before and after the renovation. 
 
Table 1: Energy indicators before and after the proposed energy renovation 
 

Energy indicators Before  After 
Energy class F B1 
Heat required for heating (kWh/m2a) 191 25 
Energy supplied for the building (kWh/m2a) 258 71 
Primary energy (kWh/m2a) 330 136 
CO2 (kg/m2a) 88 31 
H'(t) (W/m2K) 1,089 0,327 

 
Conclusion 
 
The implemented measures would result in all three buildings becoming more energy 
efficient and the amount of district heat consumed would reduce. Sanitary water for the 
needs of the school, gym and workshop would be prepared with the help of heat pumps, 
which fully utilise the heat of the environment. A solar power plant with a peak power of 
330kW would be installed on the roof of the school and gym. It is calculated that the 
building will recoup the entire investment in just over 20 years. From an energy point of 
view, the planned renovation would be very successful. 
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Notes 
 
Table 2: Nomenclature 
 

(Symbols) (Symbol meaning) 
m meter 
°C degrees Celsius 
W Watt 
h hour 
l liter 
K Kelvin 
kg kilo 
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In the global market, the casting or foundry industry recorded a growth trend for ductile 
iron last year. Ductile iron is used due to its excellent mechanical properties, machinability 
and castability. The microstructure of nodular cast iron consists of a metal matrix and 
graphite extruded in beads and nodules. In recent years, the production of ductile iron 
castings has increased significantly for parts for heavy transport vehicles and containers 
for permanent disposal of nuclear waste, and it is expected that this trend of expansion 
will continue for at least the next twenty years. It is common knowledge in the casting 
industry that the current method of pouring in the form of sand means that the quality of 
products is never 100%. There can be defects on the raw surface and/or on the machining 
surface, as well as hidden defects inside the material. For casting products, defects can be 
detected on raw and machining surfaces and inside material defects by carrying out a visual 
inspection. The results of the inspection depend on the inspection method used. In 
general, basic methods of cutting or turning inspection are used in the casting industry, 
which means that products are classified in terms of whether or not they meet the drawing 
specification(s). The authors of this study focused on the hidden defects inside ductile 
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iron material, which can be detected by carrying out a cutting or milling inspection or 
through an X-ray inspection.  
 
Why better detection of porosity can affect energy consumption 
 
To reduce energy consumption in manufacturing processes, there is a lot of low-hanging 
fruit ready to pick in most industrial sectors, such as newer and more efficient equipment, 
insulation on buildings, using LEDs, more effective logistics, etc. However, the casting 
industry needs so much metal heating that this low-hanging fruit barely affects total energy 
consumption. In addition, anyone can grab this low-hanging fruit, while addressing 
internal defects on casting is much harder to address than switching off a monitor left on 
stand by, requiring years of engineering education in metallurgy, years of experience and 
a good brainstorming team. The reduction of defective parts is the most effective measure 
to reduce energy consumption but also the most challenging to address [1-4]. 
 
Why have casting defects become harder to address 
 
The Original Equipment Manufacturing (OEM) supply chain has changed dramatically 
since the 1970s when automotive manufacturers and other large OEMs closed their own 
core processes into massive outsourcing and offshoring of labour-intensive casting and 
machining processes. There were advantages to this new paradigm as it allowed process 
optimisations to develop a new ecosystem of the specialised supply chain, niche 
companies, lower waste, faster R&D and lower costs. There are, however, some 
downsides [1, 3]. On the flipside, the carbon footprint of transporting parts increased and, 
even worse, dealing with non-conformant products became a challenge. The machining 
site is no longer within minutes of the foundry, where casted parts with porosity could 
simply be recast and replaced by a new casting. There were no accounts of KPIs and PPMs 
in the middle of the last century, only the memory of engineers who have since retired [1, 
5]. While since the 19th and 20th centuries foundries were located in a building or just 
minutes and meters away from the machining sites of shipyards [6]. Dealing with rejects 
on casting has thus become a slow and time-consuming activity, ranging from being a 
nuisance to being problematic. One of the root causes of the increase in casting defects 
relates to the distance from design to casting, as ‘Design for Manufacturing’ needs good 
know-how and communication with the supplier, which is often not the case. On the 
quality side, the ISO 9000 quality management standard was established in 1987 with 
guidelines intended to increase business efficiency and customer satisfaction. Due to the 
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need for quality assurance in the automotive sector, QS 9000 was established in 1992, lead 
by Ford, General Motors and Chrysler in the US [4]. 
 
However, the automotive sector is not the most problematic sector in terms of casting 
defects, due to its batches, it is easier to achieve optimal conditions via trial and error than 
to monitor control and ensure casting process parameters [1]. Other sectors followed the 
automotive trend of offshoring and requiring specific quality systems. The second wave 
was aerospace and in 1998, US aerospace contractors established 9000 based on ISO 9000. 
For the third wave, Europe created the International Rail Industry Standards (IRIS) in 
2005 [3, 6-8]. These waves correlate with some major changes in the casting sector 
landscape. Increasing quality demands and a reduction in business volume hit the 
automotive sector. The reduction of time from concept to serial and increased product 
customisation presents another challenge for foundries by creating a ‘high mix, low 
volume’ of parts. Lower quantities of batches also challenge casting optimisation [6,8] as 
well as distant ‘Design for Manufacturing’, smaller batches, and the technical challenges 
of detecting internal porosity. This becomes more necessary for critical safety components 
and difficult when even x-ray inspection is ineffective [1-8].  
 
Conclusion 
 
In recent years, many successful companies have been investing in reducing energy 
consumption and carbon footprint in all primary and secondary product manufacturing 
processes. Every step counts, since energy consumption can be drastically reduced by 
using proper planning process inspection methods in the casting industry. 
 
Successful and leading corporations worldwide are joining the EcoVadis tool programme, 
thanks to its unified and standardised networking and comparison and introduction of 
good practice across organisations. The EcoVadis methodology for assessing a company’s 
sustainability management systems is based on international standards such as the Global 
Reporting Index (GRI), ISO 26000 and the guiding principles of the Global Compact.  
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Notes 
 
Table 2: Nomenclature 
 

(Symbols) (Symbol meaning) 
t time 
X-ray  Radiographic testing inspection 
GRI Global Reporting Index 
OEM Original equipment manufacturer 
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The aim of the ALPGRIDS project, which comprises seven pilot projects in Austria, 
France, Germany, Italy and Slovenia, is to increase the uptake of renewable energy sources 
(RES) in alpine regions. The pilot projects involve the deployment of microgrids: small-
scale energy systems that can operate autonomously or be connected to the main grid. 
These systems group together RES producers and consumers and enable communities to 
generate renewable energy locally, thus reducing the risk of blackouts – a big problem in 
the Alps – and price volatility. 
 
ALPGRIDS is developing a common understanding of microgrids and their benefits with 
a view to creating a transnational policy environment that favours the adoption of 
microgrid solutions, particularly local energy communities. 
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The project builds on six existing pilot sites to formulate an alpine microgrid model, an 
energy and climate policy package and a programme for replicating the model in the Alps 
and beyond. The process is supported by transnational activities such as workshops, site 
visits, summer schools and bilateral exchanges. 
 
MICROGRIDS increase energy consumers’ autonomy by enabling them to buy electricity 
from local producers at reasonable prices and make electricity networks more resilient in 
the event of emergencies. Further benefits include a reduction in electricity losses, a 
decrease in infrastructure costs and more opportunities for introducing new services. 
 
The Slovenian ALPGRIDS project is carrying out a feasibility study for a microgrid 
connecting the municipal offices, a school, a nursery, a cultural centre and the fire station 
in Selnica ob Dravi. The school and possibly the fire station could serve as producers and 
users and the other buildings solely as users.
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The Velenje lignite mine (Premogovnik Velenje) is located in Slovenia and has a mining 
level depth of around 40m to 150m below sea level. Lignite deposits are characterised by 
a high amount of enclosed methane gas, which can be released suddenly during the mining 
process. This poses great danger for the miners due to explosions, rock falls, bursting of 
walls or ejection of particles. In the past, rock bursts highly obstructed the reliability of 
coal production and the time plans for developing roadways. Since October 2016 a 
reengineered, extended seismic monitoring system has been established in the Velenje 
mine with newly developed receivers. The newly installed sensors can be used in a 
potentially explosive atmosphere. 
 
A basic monitoring system was installed in 1998 to obtain information on the locations of 
rock falls or endangered areas. It was established with eight acceleration sensors in the 
underground and one 1D seismometer on the surface. The transient recorder from 1998 
was a 16-bit data logger with a limited capacity of storage and time accuracy. Due to the 
sensors used (accelerometers were the only ex-proof sensors at that time) and the aging 
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process of the components, the sensitivity of this system was not sufficient, therefore a 
decision was taken to update the system. 
 
In October 2016, a seismic monitoring system was installed and operated in a test phase. 
Since November 2016, the monitoring system has been operating with its eight 1D 
seismometer stations. 
 
The system consists of two seismometers (velocity-proportional sensors) at the ground 
surface and six seismometers (velocity-proportional sensors) in different cavern fields at a 
depth of approximately 400 metres. The underground sensors are placed in a casing in 
horizontal boreholes. The L-10B/Ex sensors in the mine were produced by K-UTEC AG 
and have IBEXU15ATEX1131X permission. Therefore, the sensors can be used in a 
potentially explosive atmosphere. 
 

 
 

Figure 1: Map of seismic stations 
Source: own. 

 
Specially adapted borehole probes are used for installation in horizontal boreholes. During 
the latest sensor replacement, a 3D printed probe with a diameter of 150mm was used 
that was designed and developed at the Velenje lignite mine. The probe enables the 
mechanical coupling of the sensors. The data of the sensors are transferred by a 
modulation unit and cables to the central measuring unit. 
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One digital registration unit (KutecGeoLog data recorder) is installed at the surface in the 
maintenance building. The signals from all the locations of the seismometer cableways 
lead to the data recorder. For data transfer, modulation units and demodulation units are 
used. These components modulate and boost the signals. The signals are then 
demodulated again at the registration unit. 
 
In the first year following installation, 3,348 seismic events were recorded and localised. 
Thereafter, there were five months without monitoring and after that, in the year 2018, 
there were 1,239 events, followed by 3,220 in the year 2019, 2,296 in the year 2020, 1,899 
in the year 2021 and 935 in the year 2022 so far. 
 
In addition to the location and number of seismic events, the power and the energy 
released are a criterion for the evaluation of the seismic activity. The energy release is 
calculated from the magnitude of each event using a relation of the Gutenberg-Richter 
law. In the first year (from November 2016 to September 2017), a huge amount of energy 
totalling 2,800 MJ was released. This meant enormous stress was placed on the 
geomechanical stability of the mine. In the following years, the energy released slowly 
declined – 123 MJ of energy was released in 2018, 486 MJ in 2019, 2.2 GJ in 2020, 171 MJ 
in 2021 and 15.6 MJ in the year 2022 so far. 
 
It must be highlighted at this point that monitoring started in November 2016 and 
continued until the end of September 2017 before restarting in March 2018. Therefore, 
the statistics for years 2016, 2017 and 2018 are not complete, as is the case for the current 
year which is still in progress. 
  

 
 

Figure 2: Graphical presentation of seismic events and energy released through the years 
Source: own. 
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Over the years, the number of events has been slowly decreasing, and the same is 
happening with the energy released, albeit even more significantly. The decreased numbers 
result from systematic preventive measures in appropriate places and have become an 
important part of the Velenje mine safety monitoring system. Implementation of 
systematic preventive safety and production measures has significantly increased 
reliability. 
 
From the acquired database, there is a notable connection between the location of the 
mining face, coal production and the frequency and strength of the seismic events. It is 
necessary to continue monitoring seismic events, collect more data, reduce the danger 
from rock bursts and improve the safety of mining operations.
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Adequate and reliable energy supply is crucial at all levels of human activities – from single 
households to entire geographic regions. Three types of energy consumption – heat, 
electricity, and transport – are usually considered separately, however, due to innovative 
technologies they are becoming more interconnected. Furthermore, with the increasing 
awareness of environmental protection, energy supply is moving from traditional fossil 
fuel-based to renewable and sustainable energy sources. The latter, however, inherently 
require energy storage facilities that provide a buffer between the independent dynamics 
of energy supply and energy consumption. This requires a new approach to designing 
energy systems, especially when autonomous operation of an energy system is expected 
or required. 
 
Military sites – energy systems with specific requirements 
 
Military sites can also be considered as energy systems with specific requirements for 
different types of energy consumption and specific operational constraints. While during 
normal operation a military site can rely on external sources of energy (utility grid, district 
heating, fuel supply), its energy system should be capable of autonomous operation in 
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critical situations when external sources are unavailable, e.g. natural disasters or even 
military aggression. 
 
A military site situated in Slovenia was analysed in terms of energy consumption and 
potential on-site energy production. Simulations of different scenarios with renewable and 
hydrogen technologies were considered to find optimal system topology that provide 
sufficient energy supply for the system, system performance with different operating 
strategies and the carbon footprint of the system. 
 

 
 

Figure 1: General system topology and energy flows through the system 
Source: own. 

 
All the energy, electricity, heat and fuel consumed are currently supplied from external 
sources, however, these will gradually be replaced by locally available renewable sources. 
The only feasible renewable source for the analysed case was solar energy. Therefore, the 
energy system (Figure 1) is based on a solar power plant for the production of electric 
energy and an electrolyser for converting electricity to hydrogen for energy storage and as 
fuel for vehicles. The heat is still provided from external sources (LPG and fuel oil).  
 
Numerical modelling of feasible energy balance scenarios  
 
A mathematical model was developed to calculate the electric energy and hydrogen mass 
balances of the entire system. The energy supply system must provide enough hydrogen 
for transportation purposes for on-site and external consumers. Different combinations 
of the size of the solar power plant (45,000m2, 15,000m2, 12,000m2) and the nominal 
power of the electrolyser (500kWe, 750kWe, 1,000kWe) were found that meet the 
requirements. Three scenarios were applied to each of the three topologies with three 
priority areas: i) maximum sale of electricity sale; ii) maximum sale of hydrogen; iii) 
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maximum self-sufficiency. The results are illustrated in Figure 2, where a notably larger 
amount of solar energy is produced in the scenario with the 500kWe electrolyser and 
45,000m2 solar power plant (denoted with 500) than the other two topologies. 
Consequentially, a large amount of electricity is available for sale regardless of the 
operating strategy. The smaller the solar plant, the less electricity is sent to the grid, and at 
the same time more energy needs to be provided from the grid. Less energy is also available 
for the grid in cases where hydrogen production is a priority (denoted with H2), however, 
more hydrogen is available for sale in these cases. 
 

 
 

Figure 2: Energy production and consumption for three topologies with three scenarios ('case' 
describes the capacity of the electrolyser and the scenario, el = electricity sale, H2 = hydrogen sale, self 

= self-sufficiency) 
Source: own. 

 
Figure 3 illustrates the carbon footprint of two topologies (500kWe and 1,000kWe 
electrolyser power). Topology 1 is electricity production-oriented with a 500kW unit 
electrolyser and 45,000m2 of solar panels. This results in a large amount of electricity and 
a small amount of hydrogen surplus available for sale. This represents an avoided carbon 
footprint for a military site, i.e. a negative carbon footprint (represents the ‘computational’ 
carbon sink in Slovenia).  
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Figure 3: Environmental impact in terms of carbon footprint for topologies with a 500kW and 1,000kW 
electrolyser (el = electricity sale, H2 = hydrogen sale, self = self-sufficiency) 

Source: own. 
 
Conclusions  
 
The analyses show that supplying an appropriate quantity of hydrogen is possible with an 
adequately sized renewable energy system. Heat, fuel and electricity from external sources 
as well as electricity from solar power plants all result in a positive carbon footprint. 
Requirements demand that the local energy supply system must be significantly oversized, 
however, the surplus energy can be distributed to external consumers and can replace non-
renewable energy sources, e.g. electricity from the grid mix and grey hydrogen. This 
effectively reduces the overall carbon footprint and may also result in negative values, 
which means that the system is not only carbon-neutral, but also reduces the carbon 
footprint of a larger-scale system. 
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In 2018, the European Commission presented its vision of a climate-neutral EU. The goal 
is to make the EU climate neutral in the economy by 2050 with zero net greenhouse gas 
emissions. This global climate action is at the heart of the Green Agreement under the 
Paris Agreement. In 2020, the Slovenian Ministry of Infrastructure issued the National 
Strategy for a Coal Exit and the Restructuring of Coal Regions in Line with Just Transition 
Principles, defining 2033 as the year by which the coal phaseout would be complete and 
the Premogovnik Velenje (hereinafter: PV) coal mine will be closed. Future-oriented 
thinking is beginning to raise questions about how to make usage of abandoned mine 
roadways and shafts, as the PV coal mine is currently the largest construction site in 
Slovenia with more than 50km of underground roads/facilities. 
 
Water accumulates in the mine and must be regularly pumped to the surface in order to 
produce coal, otherwise there is a risk of water intruding into workplaces where lives and 
property are in danger. In addition, this causes wetting of rocks, a deterioration in working 
conditions due to increased humidity in the mine, a reduction in strength properties, and 
an increase in swelling of hills due to wetting of coal. The water enters the mine in different 
ways; from the aquifer insulation layers above the coal, part of the water is brought to the 
mine by miners, as it is used in the technological process of excavation, and a large part of 
the water flows into the mine from the so-called Triada, which was purposely drilled. The 
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water from the Triada is used in the aforementioned technological process, and a large 
part is intended for lowering the water pressure in the aquifer so that it can be excavated 
in areas exposed to thinner insulation layers. There are three pumping stations in use at 
the PV coal mine; a main pumping station on k.-43.5 (3 x HK 150-200 x 7, P = 315kW, 
Q = 2.5m3/min, H = 410m), an auxiliary pumping station on k.-130 (3 x LHK 125-180 x 
4, P = 90kW, Q = 2.5m3/min, H = 90m) with two pools with a capacity of 1,500m3, and 
a collection swamp on k.-161 (Flygt, P = 9kW, H = 31m). Annually, approximately 1.2 
million m3 of wastewater is pumped from the mine. It makes sense to take advantage of 
the energy and constant flow of mine water with the help of a heat pump. 
 
Pumping the water 
 
Mine water is not pumped to the surface constantly. The system is adjusted so that the 
pumps start when the sensors detect an elevated water level in the reservoirs at the lowest 
point of the coal mine. The pumps run until the water level falls below the minimum 
amount of water in wastewater reservoirs. The pumping station on k.-41.5 is the only one 
of interest for the calculations. Three pumps are installed in this pumping station, but they 
never pump all at once (a maximum of two at a time; prevention of increased wear). On 
average, pumping is done five times a day, and each pumping takes about 3 hours and 40 
minutes. 
 

 
 

Figure 1: Pumping sequence on k.-41.5 
Source: own. 
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Use of a heat pump on a wastewater system (location, choice of heat pump, 
calculation) 
 
A heat pump (hereinafter referred to as HP) is a device that, with the help of electricity or 
another drive device, takes heat energy from the air, earth or water and adheres it to the 
air or water used for heating. There are several types of HP. For the purposes of this study, 
the authors have suggested the use of a monovalent water/water HP. The location of the 
HP must be close to the exit of the wastewater line (the main NOP shaft), or near the 
NOP administrative building. Depending on the flow during the operation of the pumps 
on k.-41.5 (approx. 200m3/h, temp. 20-21°C), the Vitocal 350-G Pro HP was chosen, 
which provides water at a temperature of 73°C on the secondary part. To achieve this, on 
the primary part, a water temperature of at least 20°C and a flow of 63.6m3/h is required. 
 

 
 

Figure 2: Location of the HP 
Source: own. 

 
The heating value of this HP is 3.07. Depending on the guaranteed flow, three HPs could 
be installed that would be parallelly connected. The equation of the standard calculation 
of the heating number COP = Qh/Pel was used to calculate the heating power of the HP. 
The total heating power (heat removal from mining water) is Qh = 849.3kW. On the basis 
of the discharge of water into the sewage system, ∆T = 3.53°C or 17.65% was calculated, 
which does not pose a danger to the environment. 
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The PV uses a hot water pipeline from the Šoštanj thermal power plant to heat the mine 
in winter (the airflow into the mine is heated). The current connected power is 5.9MW. If 
three HPs were installed, 849.3kW would be obtained during the operation of the pumps 
in the pumping station on k.-43. The daily average power of the HP was calculated 
according to the operating time of the pumps in the pumping station on k.-41.5 (75% of 
the day); ǬSk, H = 636.975kW; in winter 0.6MW of heat would be generated with the help 
of the HP for the purpose of heating the incoming air into the mine. The connected power 
could be reduced to 5.3MW. The calculated savings at the current price of the connected 
power is EUR 1,734.18/month. The mine air is currently heated according to the outside 
air temperature (outside temp.). The current heating system is set to start whenever the 
outside temperature is below 8°C for three consecutive days. In recent years, the mine air 
has been heated for 4 to 5 months. According to data, the annual savings are estimated at 
EUR 8,671. The estimated value of the entire investment is EUR 400,000. In the event 
that 50% co-financing or grants are applied, a payback period of 23 years has been 
calculated. Of course, the HP system could also be used for another purpose, i.e. for 
heating the water used by miners for bathing. In that case, the payback period would be 
much lower. 
 
The matter will be even more interesting after the completion of coal mining at PV. Parts 
of the mine would be flooded to store a sufficient amount of geothermal energy, thus 
creating an accumulation suitable for the use of large HP to heat nearby settlements (for 
example, Mieres, Spain). A similar idea was realised by the Hunosa Group, which also 
owns an abandoned coal mine. The investment itself reached a value of EUR 1,500,000 
(EUR 500,000 in grants). The estimated payback period of this project is 8 years, and the 
annual return of the HP to the company is EUR 120,000. 
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The Premogovnik Velenje (PV) coal mine cooperated in the EU METHENERGY+ 
project, cofounded by the Research Programme for Coal and Steel (RFCS). The RFCS is 
an EU-funded programme that supports research projects in the coal and steel sectors. It 
is funded via the revenues generated by the European Coal and Steel Community (ECSC) 
from liquidation assets, which are exclusively devoted to research in the coal and steel 
industry sectors.  
 
The project title and subject is ‘Methane recovery and harnessing for energy and chemical 
uses at coal mine sites’. The project took place from 2017 to 2020 and was coordinated by 
the University of Oviedo in Spain in the scope of an international consortium of eleven 
entities from Poland, Spain, the United Kingdom, Czechia, Greece, Slovenia and Sweden, 
combining universities, research institutions and industry (mostly Polish and Slovenian 
coal mines). The main challenge tackled by the project was the usage of methane released 



34 5TH INTERNATIONAL CONFERENCE ENRE - ENERGY & RESPONSIBILITY. 
BOOK OF EXTENDED ABSTRACTS. 

 
from operating and abandoned mines (VAM1 and AMM2) which is an environmental and 
safety hazard and a useful energy resource. Therefore, an assessment was made of the 
effective extraction, enrichment, purification and separation of methane, as well as its 
thermal or chemical upgrading and its use taking into account the specifics of coal mines 
site. The scope of the project was: 
 
1) Optimisation of methane recovery (methane concentration and flow rate) at operating 

and flooded coal mines, considering the geological and operational features of the 
shafts. 

2) Development of adsorption-based technologies for concentrating methane from VAM 
and AMM emissions, including the development of materials and process design and 
simulation. Different approaches were used to prepare the potential adsorbents, 
including the development of high-performance tailored materials or the use of waste 
materials from other processes as adsorbents. 

3) Development of a membrane-based technology for the separation of methane from 
VAM and AMM emissions, including the development of perm-selective membranes 
using nanostructured materials and the modelling and simulation of these units on an 
industrial scale.  

4) Exploration of the possibility of using thermal and catalytic regenerative oxidisers for 
the efficient and environmentally-safe combustion of these emissions (with and 
without previous methane enrichment). 

5) Explore the possibility of transforming the methane contained in the studied emissions 
(with or without further enrichment) into other valuable chemicals, such as methanol 
or hydrogen. 

6) Evaluation of the application of the above technologies for methane enrichment and 
utilisation, both in operating mines and in mines where coal mining activity has ceased.  

 
The work carried out in the project work packages (WPs) was as follows: 
 
WP1: Determination of the key properties of the mines that determine the methane 
desorption during mine flooding. Modelling the flooding of abandoned mines and 
predicting methane flows during operation and flooding of the mines.  
  

 
1 VAM – Ventilation air methane 
2 AMM - Abandoned mine methane 
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WP2: Preparation and testing of different materials as methane adsorbents (templated 
carbon materials, MOFs3, fly-ash derived zeolites, etc.). Modelling of adsorption isotherms 
and the kinetics of the adsorption processes. Proposal of adsorption configurations 
(mainly temperature swing adsorption). Development of codes for simulation of 
adsorption units. Selection of materials and safety studies. 
 
WP3: Selection of materials for methane-selective membranes. Optimisation of the 
preparation of hydride ceramic-MOF membranes. Testing of the materials at lab scale. 
Development of a rigorous model for predicting methane separation from VAM using 
membranes. 
 
WP4: Environmental and safety studies. Selection of materials. Operation of combustors 
with AMM. 
 
WP5. Development of catalysts (Cu-loaded acid zeolites) for performing selective 
methane oxidation to methanol. Testing of the materials in a fixed-bed reactor (cyclic 
mode) and optimisation of the different steps of the process (methane adsorption, 
methanol desorption, catalyst regeneration). Preliminary design and economic evaluation. 
 
WP6: Systematic comparison of methods used for methane draining from mine sites, 
methane concentration strategies and upgrading procedures. Development of an investor 
guide for the implementation of upgrading approaches considering the three stages. 
Design of the upgrading of VAM emission integrated approaches considering both 
methane concentration and thermal upgrading. An integrated temperature swing 
adsorption process with thermal regenerative combustion or a gas turbine was considered. 
Depending on the results obtained in the other WPs, the resulting approach combined 
concentration steps, methane extraction procedures, combustion devices and chemical 
reactors [1].  
 
As there are several mining companies involved, different technical solutions were offered 
depending on the characteristics of each mine site. Among the studied approaches, 
combining an adsorption process and a gas turbine seems the most attractive approach 
for future implementation. This project proposes a combination of three strategies to 
solve this significant problem:  

 
3 Metal-organic framework 
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1) Optimise the ventilation procedures to get the highest CH4 concentrations extractable 

under safe conditions. This activity has been extended to abandoned and flooded 
mines to achieve higher methane concentrations. 

2) The development of procedures for concentrating the methane in these emissions. The 
most promising technologies are those based on adsorption and membrane 
technologies. 

3) Study of combustion and chemical transformation technologies in the presence of 
oxygen. In previous research, it has been observed that flow reversal combustors 
provide the best performance for the combustion of these emissions, however, several 
underexplored aspects remain, such as the environmental effects, the control strategies 
and integration with the overall energy management system of the plant.  

 
The project was executed through wide dissemination and exploitation of results. It should 
be noted that an important part of the results was published. In terms of the industrial 
exploitation of the results, an in-depth deep study of the methane release during mine 
operation and flooding would be very beneficial in designing ventilation systems. For 
example, the planning of the next fan stations and ventilation systems for underground 
mines could be explored in future considerations of the findings of this project. 
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This paper attempts to examine to what extent the governance modes of transition in the 
region of Western Macedonia (Greece) are effective and just, and whether they embed 
transition management, spatial justice, and place-based elements. To this end, the 
hypothesis tested in this paper is that spatial justice and place-based policy can make a 
positive contribution to just and well-managed transition. In this framework, the question 
examined is not about ‘who is in charge for designing and implementing transition 
policies?’, but about ‘what is the balance and mix of transition policies at the central, 
regional, and local levels of administration?’. The article critically discusses the concept of 
transition as a fundamental societal change through the lens of efficiency and justice. Thus, 
the notions of transition management and spatial justice are thoroughly explored. It also 
embeds the concept of ‘place’ in this discussion. Therefore, the challenges, opportunities, 
and shortcomings of the place-based approach in the course of transition are examined.  
The empirical section contains a particular field research with questionnaires completed 
by experts about the region of Western Macedonia in Greece are presented and discussed.  
Given that transition implies a profound and long-lasting societal, economic, and 
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environmental transformation, new and pioneering modes of governance are necessary to 
tackle such a multifaceted challenge. The discourse about place, policies, and governance, 
reveals the need for focusing on balance and mix of inclusive and multi-scalar policies 
instead of defining governance structures and bodies in charge for implementing transition 
policies. The launched transition governance model in Greece considerably deviates from 
the EU policy context (see Figure 1).  In fact, substantial shortcomings in terms of 
legitimacy, inclusiveness, and public engagement and overall effectiveness have been 
recorded. The empirical evidence reveals a rather clear top-down model than a hybrid one. 
The findings show that the governance model employed in the case of Western 
Macedonia, neither embeds spatial justice nor incorporates a place-based approach. 
Viewing the long-term process of transition through the lens of governance and 
policymaking, this paper challenges the assertion that the traditional top-down governance 
model is the most effective and fair approach. In this setting, the notions of transition 
management and spatial justice are thoroughly explored. The concept of ‘place’ is also 
embedded in this discussion. To this end, the challenges, opportunities and shortcomings 
of the place-based approach are analysed. Given that transition is by nature a multifaceted, 
multi-level and multi-actor process, an effective and just transition governance, should 
reflect the views of different actors. In this sense, it seems that multi-level governance 
models for regions in transition need to harness existing interactions among different 
levels and actors.  
 
After having touched upon the process of transition regarding the notions of 
‘management’ and ‘justice’, the concepts of spatial justice and the place-based approach 
are embedded into governance transition practices. In this respect, the gap between, 
efficiency and equity, redistributive logic (needs, results), and development policy 
(inclusive development) can be bridged through the so-called 'spatial-territorial capital' and 
spatially just multi-level governance. 
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Figure 1: The structure of Special Body for Coordination of Just Transition 
Source: Law 4872/10-12-2021, diagram elaborated by authors 
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Population growth and an ever-increasing demand for energy are redirecting people to 
start using energy more wisely and efficiently. In order to reduce greenhouse gas 
emissions, people have become aware that not only is it essential to reduce the usage of 
fossil fuels and switch to renewable energy sources but also to change the way energy is 
perceived and used. Changing a living habitat to a better sustainable place has become a 
significant issue in a global aspect. Since there is no doubt that sustainable energy and 
efficient use of energy are the future of preserving our planet, there are solutions to help 
tackle such matters. Turning our homes into energy-efficient habitats that immensely 
reduce the usage of energy, thus becoming energy efficient, has attracted the attention of 
the European Union (EU), which now heavily invests in such sectors. The term energy 
efficiency is already broadly used in Slovenia and, due to various directives, the country 
has committed to increasing the percentage of energy-efficient buildings in the short-term 
future. There are several ways to emphasise the benefits of energy efficiency and there are 
different areas where energy efficiency can be applied. 
 
Green walls are described as vertical structures (gardens) that have various types of plants 
or other greenery attached to them. Plants are planted in a growth medium that consists 
of stone, water and soil. A built-in irrigation system is featured in a green wall for 
sustaining living greenery. It can improve the energy efficiency of buildings in cities, where 
it is vital to reduce energy consumption, hence they count as a sustainable technology that 
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acts as a natural insulation system. Irrigation system also improve the urban climate 
(reducing the surface temperature of buildings, urban air temperature, regulating CO2 
concentration), and improve air and water quality. In addition to good thermal and 
acoustic performance, they also serve as a great aesthetic structure, which helps to diversify 
the city landscape. There are also disadvantages such as intensive maintenance due to the 
vegetation and a need for a durable supporting construction [1]. While green walls are 
almost non-existent in Slovenia, there are already significant efforts being made in 
countries with large urban areas, such as Japan and Singapore, especially because of large 
heat island phenomena and high humidity. 
 
The proposed model [2] (building wall) is a theoretical approach with the same dimensions 
(surface area of 25m2) in each cardinal direction (north, south, east and west) and is not 
based on a structure of a real, present-time case. The location of the ‘structure’ was set in 
Maribor, Slovenia (the location is important for assessing values such as solar radiation 
and external air temperature). Different types of main wall assemblies were set as 
examples: an energy-efficient wall (highly energy-efficient masonry with thermal insulation 
– Type A), a highly energy-inefficient wall (old masonry with no thermal insulation – Type 
B) and an energy-inefficient wall (concrete with some thermal insulation – Type C). 
 
The simulation models should only be considered as a simple interpretation of calculating 
heat losses through such wall assemblies, since more complex calculations would require 
computations for a real-time practical case. The calculation of the reduction in CO2 
emissions relates to the aforementioned annual heat losses. The assessment of the models 
was based on mathematical predetermined terms only, nonetheless, these models serve as 
good analytical research base for exploring such matters in an area of an innovative 
approach to energy efficiency. 
 
Through the simulations, the authors concluded that the heat losses for each type of wall 
would indeed decrease on an annual level, if each type had a green wall installed in front 
of the main wall. Based on the results, it can also be assumed that the more energy-
inefficient the wall is, the more appropriate it is to install a vertical green wall in front of 
it. However, the green wall cannot be a ‘layer’ that could single-handedly solve the problem 
of energy inefficiency of assembly of the main wall. In terms of CO2 emissions, the 
calculations showed that such emissions would decrease drastically. 
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Mining is essential to modern life, providing the raw materials on which modern society 
is based and which are critical to the pursuit of the sustainable development goals. To 
meet the growing demand for minerals, the scale of mining activity in many countries is 
steadily increasing, with exploitation taking place at ever greater depths and using ever 
more productive mining methods [1]. The effects of underground mining are reflected on 
the surface in large vertical deformations (subsidence) that cause damage to facilities 
within and in the wider vicinity of the mining area. Awareness of the importance of 
protecting both the environment and surface facilities has led to increased research in 
ground subsidence prediction in recent decades [2]. 
 
Subsidence prediction models vary widely because of differences in excavation methods 
and the specifics of individual mineral deposits [3]. The objective of this research was to 
develop a hybrid prediction model that combines several proven solutions and allows 
prediction of subsidence for any point within the observation area, regardless of the 
monitoring method chosen. 
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To predict the subsidence of any point, the statistical approach was used of fitting the 
modified sigmoid function in Eq. 1.1 [4] to the subsidence data obtained by continuous 
monitoring.  
 

 𝑓𝑓(𝑡𝑡) = 𝑎𝑎 + 𝑏𝑏−𝑎𝑎
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�           (1.1) 

 
This type of prediction is based on the evaluation of accuracy, prediction of the time of 
the next term measurement (next epoch), and the time of final subsidence or consolidation 
when further subsidence is negligible, and the last measurement (final epoch) can be made. 
By dividing the mining influence area into rectangular sectors, with each sector containing 
a cloud of points and a plane that matches those points, the forecast can be implemented 
in any monitoring scheme. Since each fitted plane is defined by four vertices with a centre 
point (centroid) representing all influences within the sector, and the height of the 
centroids varies between different epochs while their plane coordinates are constant, the 
calculated heights can be used as input data for fitting the modified sigmoid function.  
 

 
 

Figure 1: The concept of the hybrid model for predicting surface subsidence above underground 
excavation. 
Source: own. 

 
The hybrid model, which includes a sigmoid model, a computational grid with sectors and 
a comparison of scanned terrain point clouds, helps optimise the remediation of damaged 
terrain above underground excavation. this was achieved through timely detection of 
intensive subsidence areas and classification of computational grid sectors. The model was 



A. Pal, J. Rošer: A Hybrid Model for Predicting Surface Subsidence Above Underground Excavation 47. 
 
successfully verified on the measured subsidence of the area within the active mining area 
of the Velenje coal mine. The authors found that the proposed novel method is a good 
basis for predicting surface subsidence for which conventional monitoring is not available, 
and that it allows future measurements to be adjusted to the predicted subsidence 
dynamics, which is time and cost efficient. 
 
 
Notes 
 
Table 1: Nomenclature 
 

(Symbols) (Symbol meaning) 
a upper asymptote 
b point of influence 
p point of influence 
s abscise scale parameter 
t time variable 
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Mines need a monitoring system in many places to improve the rehabilitation of the 
mining area and to manage and enhance safety as well as the environment. The main aim 
of this paper is first to describe remote sensing methods, then to introduce the use of 
remote sensing technologies in the field of mining at the Velenje Coal Mine. 
 
Remote sensing technology is widely used in surveying and mapping and building mapping 
as well as in mining, detection of earth resources, monitoring of environmental pollution 
and in the fields of metallurgy, geology, agriculture, forestry, water conservancy, weather, 
oceans, etc. [1]. During the rehabilitation process of a mining area, evidence-based 
assessments are required by state law. Using remote sensing methods can help to provide 
evidence that rehabilitation works are in progress, have been completed, and are of the 
quality required and in the planned scope [2]. As a part of monitoring the movements, 
deformations and state of terrain in the wider area of the Velenje Coal Mine, 
measurements were carried out with remote sensing technologies using 
aerophotogrammetry and airborne LiDAR (Light Detection and Ranging) scanning. The main 
results of these measurements are a georeferenced digital orthophoto image digital 
photograph map and a georeferenced point cloud obtained from LiDAR surveys, from 
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which it is possible to model the 3D state of the terrain and determine the state and surface 
changes in the mining area [3]. 
 
With the development of advanced tools in the field of spatial laser measurement, 
sufficiently accurate mobile hand-held laser scanners are now available, where scanning 
takes place dynamically, e.g. during movement, without the need for stationary stands and 
support points. That latter proved to be a great advantage in capturing the spatial clouds 
of points of buildings in the pit of the Velenje Coal Mine. In the first phase of using a 
mobile handheld scanner, the results are mainly used for visualisation and rough 
dimension measurements in the obtained 3D point clouds, while in second phase they are 
used as point clouds for design, redesign and control [4].   
 
The use of remote sensing in the mining industry is on the rise as it offers the possibility 
of use in various engineering fields. Surveying methods of large areas as well as 
underground mine facilities using remote sensing technologies combined with 
corresponding computer programmes already outperform traditional surveying methods. 
Using drones to observe mining areas and handheld mobile scanners shortens 
measurement time and consequently reduces costs and increases productivity. The Velenje 
Coal Mine uses drones for surveying the mining area to produce 3D models of terrain and 
mobile scanners to produce 3D models of underground objects. Thus, drones are used to 
detect subsidence caused by mining, to calculate the volume status of the coal depot, to 
calculate the volume of subsidence, and to calculate the quantities in the preparation of 
the subsided terrain and in the aftermath of mining. Mobile scanners are used to determine 
the state of buildings and underground facilities, and 3D models are used for control and 
design in mining and civil engineering. 
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The primary aim of the European Green Deal is to move towards climate neutrality in a 
socially just and inclusive way. To this end, the EU has set up the so-called 'Just Transition 
Mechanism' (JTM), which will provide funding and technical assistance to the regions of 
the EU most affected by the transition to a green economy. However, in addition to 
securing sufficient resources and providing technical assistance for their utilisation, a key 
factor for the successful outcome of the transition in coal dependent regions is its 
governance mechanism and the engagement of the public/citizens. This term refers to the 
various ways in which different actors and stakeholders engaged in and influenced by the 
transition work together to achieve the collective goal. 
 

Recent texts of European cohesion strategies make it clear that the new feature of the new 
European regional policy and the new NSRFs focuses on a place-based governance 
approach. This reflects a departure of European politics from horizontal and one-size-
fits-all policies. This is done for two reasons, which are: (a) the utilisation of local 
knowledge and local territorial capital deals better with problems, and (b) the transfer of 
the level of decision-making and implementation of policies as close as possible to the 
citizens to whom they concern. The territorial approach to governance envisages a strong 
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role for local communities (not necessarily the central one) and strong synergies of the 
three levels of government. In addition, it seeks to enhance the effectiveness as well as the 
legitimacy of policies in the perception of citizens who suffer the consequences of their 
success or failure. 
 

An effective governance model, however, should be accompanied by an effective 
mechanism for scientifically monitoring, analysing, evaluating and formulating 
substantiated policy proposals. In the context of setting up and operating a Just Transition 
Observatory, it could be a valuable support mechanism, providing it has the presumption 
of multi-level expertise and objectivity, deep knowledge of local specificities and legitimacy 
to institutionally represent the public interest at the local level. In practice, the observatory 
could function as an independent evaluation body (with periodic reports or focused 
studies) of the course of the energy transition programmes, identifying potential 
difficulties, recording the impacts, results and outcomes and providing policy 
recommendations. The observatory will systematically publish periodic reports and ex-
post evaluations based on predefined indicators. In addition, the observatory will be able 
to take networking initiatives to national and international levels, thus mobilising scientific 
debate and scientific thinking on issues related to fair transition through conferences, 
workshops, discussion papers, etc.  
 

Given that just transition plans include a number of important transformational policies 
and transformational plans, the crucial question that arises is whether regional and central 
policy makers have the tools to evaluate these transformational policies and transformative 
projects. In this regard, it is necessary to design evaluation models based on predefined 
indicators and criteria that will be jointly defined in the context of public consultation. 
This will ensure the objectivity on the basis of commonly agreed indicators and objectives 
on the one hand, while on the other, the legitimacy and acceptance of both strategic 
policies and specific investment plans. 
 

This paper attempts to examine to what extent there is room for the establishment of Just 
Transition Observatory Platforms along the coal dependent areas. More specifically, it 
explores the potential of such a mechanism to monitor, analyse and evaluate the clean 
energy transition and provide robust policy recommendations. To this end, Just Transition 
Observatories will operate as an independent evaluation mechanism producing evidence-
based reports and studies on the clean energy transition. On this basis, the observatories 
will be able to deliver periodic reports, based on indicators, comparative analysis and 
policy recommendations. In addition, such mechanisms could enhance networking at EU, 
national and local levels, thus mobilising scientific dialogue and debate on the clean energy 
transition.
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Energy efficiency of buildings is an important element of the European Union (EU) 
climate and energy policy and is crucial for sustainable development and climate 
protection. According to statistics, the building sector is responsible for almost 40% of 
total energy consumption and more than 36% of CO2 emissions in the EU [1,2]. A large 
share of buildings in Slovenia and other European countries are over 40 years old and 
most of them are energy inefficient. Therefore, the renovation of existing buildings has a 
significant energy saving potential, thus it is necessary to correctly calculate the energy 
savings that can be obtained in a renovation project.  
 
This paper covers an analysis of energy efficiency and energy renovation measures of a 
single-unit house in Slovenia. The correct data collection, the main variables that affect 
consumption, and people’s usage habits are fundamental elements in an energy renovation 
project of a building. The energy efficiency assessment was carried out on the basis of a 
systematic approach. A proper energy audit was carried out in order to properly evaluate 
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the energy performance of the building. The thermal properties of the envelope of a 
building strongly affect its annual energy requirements, therefore the building envelope 
was also inspected using a thermal imaging camera. Additionally, the thermal 
transmittance (U) of the building envelope was determined on the basis of in-situ 
measurements, as thermal transmittance is crucial in heat loss calculations. Thermal 
transmittance can be determined using various methods as shown in [3], and it is necessary 
to understand the requirements, advantages and limitations of each. The thermometric 
method (THM) was used to determine thermal transmittance. The criteria for installing 
the temperature probes are shown in Figure 1a, while the measurement results for 
determination of thermal transmittance are shown in Figure 1b.  
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Figure 1: a) Criteria for mounting the temperature probes, b) Measurement results 
Sourec: own. 

 
Based on the data collected data and the measurements performed, an analysis was 
performed of the energy efficiency and energy renovation measures. The calculation of 
the energy efficiency indicators and annual energy use was carried out in accordance with 
SIST EN ISO 13790:2008, PURES 2010 and technical guideline TSG-1-004. 
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The low-carbon development strategy and ecological awareness of combined heat and 
power (CHP) plants is the key factor that enables further development of such systems. 
CHP plants are subject to rigid European ecological guidelines, which dictate the pace of 
development of global thermal power engineering. For this purpose, the European Union 
issued a special directive for the promotion of heat and power cogeneration, which is 
established using the best available technology (BAT) method. Even though the 
production of electricity using carbon-free technologies is on the rise, the production of 
electricity using fossil fuel combustion cannot be completely avoided. The significance of 
the operation of CHP plants is particularly reflected in the provision of tertiary services to 
the electric power system as well as regulation of network frequency, particularly in winter 
months when electricity production using carbon-free technologies is limited. In CHP 
systems, the low-carbon future is intricately linked to high investment costs, which impact 
the final price of energy. Using the BAT method, this article describes the advantages of 
energy production in CHP plants, and provides an example of the restructuring of a larger 
CHP system into a low-carbon plant as well as guidelines for further development. 
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The BAT method of alternative facilities refers to European Directive 2004/8/ES [1] on 
the promotion of production of heat and power in a cogeneration process. The BAT 
method of alternative facilities compares the energy efficiency of a CHP system with that 
of facilities in separate production or production of energy products in substitute facilities. 
The level of production efficiency is determined using the results of fuel savings. If heat 
and power production by means of a CHP system is more efficient than that in alternative 
facilities, the CHP system consumes less fuel, system efficiency is improved, and emissions 
of greenhouse gases and the toxicity of gases are lower. A schematic presentation of the 
model of the BAT method of alternative facilities is shown in Fig. 1. 
 

 
 

Figure 1: Schematic presentation of the model of the BAT method of alternative facilities 
Source: own. 

 
In large CHP systems, the combustion process with the purpose of increasing the enthalpy 
of a working medium is carried out by means of fossil fuel combustion. The type of fuel 
combusted is intricately linked to the chemical composition and corresponding 
greenhouse gas emissions. The low-carbon transformation of a large CHP system is 
intricately linked to the use of low-carbon or carbon-neutral fuels, such as biomass, 
biomass fraction of waste, hydrogen, etc. Replacement of the fuel type in CHP systems is 
intricately linked to high investment costs, because in order to achieve high efficiency it is 
necessary to opt for BAT. This raises a question as to what extent preserving the existing 
plant makes sense. However, replacing solid fuel with gas fuel, taking into account a high-
efficiency BAT, results in the replacement of the entire CHP system.  
 
The low-carbon property of the gas-steam CHP system in comparison to the CHP solid 
fuel system is mainly reflected in the type of fuel, because gaseous fuels have a lower 
carbon content and a higher hydrogen content. This corresponds to combustion products 
of such fuels because emissions of CO2 (carbon dioxide) greenhouse gas decrease and 
those of water vapour or water increase. The carbon footprint of such gas-steam CHP 
plants can further improve, because the latest gas turbines, such as the Siemens SGT 800 
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gas turbine, can, in combination with natural gas, operate with a hydrogen volume fraction 
of as much as 75% [2]. With the further development of steam turbine burners, hydrogen 
volume fraction in combination with natural gas will further increase. Likewise, gas 
turbines can also be powered by biogas. 
 
The results of the model of the BAT method of alternative facilities show that the fuel 
savings of the CHP system depend on system load. At a 40% system load, the fuel savings 
of the CHP system equal 27%, while at a 100% system load, the fuel savings of the CHP 
system equal 34%. 
 
The low-carbon transformation of a large CHP system is intricately linked to the use of 
low-carbon or carbon-neutral fuels. The low-carbon future of the plants described may be 
further improved, since, in combination with natural gas, the latest gas turbines may 
operate with as much as a 75% hydrogen volume fraction. Hydrogen may also be obtained 
from surplus green energy and mixed with natural gas in the methanisation process.  
 
However, special attention must also be dedicated to the possibility of using biomass 
fraction of waste, because the combustion of the fraction increases carbon neutrality. 
Biomass fraction of waste is currently deposited at landfills or transported to incineration 
sites, largely abroad. In the case of combustion of the fraction, heat is also generated, 
which may be used rationally by means of CHP systems for the production of electric and 
thermal energy. 
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This article discusses the design of fuel cell propulsion for wFoil 18 Albatross foil vessels. 
The aim of this article is to determine the economic viability of such propulsion. The 
wFoil 18 Albatross was chosen due to its high-speed, low-power propulsion system. 
 
The hydrogen propulsion system for the Albatross vessel consists of the following parts: 
 

− Electric motor (Emrax 188) to convert electricity into mechanical energy 
− Battery (LG RESU 3.2EX | LG Battery System), which provides electricity in the 

event of an emergency or adds the necessary energy to run the engine at maximum 
power 

− Controller (EmDrive 500), which provides enough energy to pass between the 
elements of the propulsion system 

− Fuel cell (Hydrogenics HYPM-HD 30 POWER MODULE), which is the primary 
source of energy 

− The tank (tank for hydrogen gas type 3) stores hydrogen as fuel      
 
Figure 1 shows the position of the propulsion system components in the lateral section 
that was produced in the Solidworks computer programme. 
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The brackets indicate the parts that have been selected for the hydrogen propulsion 
system. The approximate weight of all these parts is 249.1kg and the price of all these parts 
is about EUR 55,254. All prices are from 2020 and are subject to change. 
 
The main idea in constructing this charging station is the use of seawater and solar energy 
or renewable energy sources for hydrogen production. Figure 2 shows the process for 
obtaining and storing hydrogen. The components of the charging station are solar cells 
(LG NeON 2), desalination (CRYSTAL EX PURE), electrolysis (Nel C Series C10), and 
a charging station (Haskel (version with air compressor)). 
 

 
The brackets indicate the parts that have been selected for the charging station. The 
approximate weight of all these parts is 10,236 kg and the price of all these parts is about 
EUR 517,664. All prices are from 2020 and are subject to change. The current fuel cell 
technology is suitable for propulsion of the wFoil 18 Albatross, however, it is not 
economically comparable to a petrol engine. 
 
Another drawback is the heavier weight than the internal combustion drive. Hydrogen 
technologies will remain uncompetitive with internal combustion engines until material 
and production prices reduce. However, they are environmentally friendly and have higher 
efficiencies than conventional propulsion systems. 
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Figure 1: Position of propulsion system components in lateral 
section 

Source: own. 

 
 

Figure 2: Design of hydrogen 
charging station 

Source: own. 
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Road transport is an indispensable part of everyday life. Over the last 20 years, there have 
been rapid price increases, a gradual reduction in the stock of petroleum products and 
concern for the environment, which has given rise to the need for new fuel. This need is 
further fueled by environmental awareness and the desire to reduce emissions of 
greenhouse gases such as carbon dioxide and toxic gases such as carbon monoxide and 
nitrogen oxides. As greenhouse gas awareness and clean air, especially in urban centres, 
have become an important part of energetics, new fuel for cars will have to be found. An 
alternative to internal combustion engines are cars with hydrogen technologies. When 
referring to hydrogen technology, this means fuel cells. A fuel cell car is similar to an 
electric car. It differs in the fuel cells, hydrogen tank and components needed for its 
operation. 
 
To calculate how much hydrogen would be needed, it is first necessary calculate the energy 
based on the amount of fuel used: 
 
 

𝐸𝐸𝐷𝐷,𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑁𝑁𝐷𝐷,𝑡𝑡𝑡𝑡𝑡𝑡 ∗ 𝐻𝐻𝐻𝐻𝐻𝐻𝐷𝐷 = 1,836,209,633 l ∗ 37
MJ
l = 6.8 ∗ 1010 𝑀𝑀𝑀𝑀 (1.1) 

 
𝐸𝐸𝐵𝐵,𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑁𝑁𝐵𝐵,𝑡𝑡𝑡𝑡𝑡𝑡 ∗ 𝐻𝐻𝐻𝐻𝐻𝐻𝐵𝐵 = 790,201,017 ∗ 33.7

𝑀𝑀𝑀𝑀
𝑙𝑙 = 2.67 ∗ 1010 𝑀𝑀𝑀𝑀 (1.2) 
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As has already been calculated, the energy value of the fuel placed on the market is 9.47 ∗
1010 𝑀𝑀𝑀𝑀. The calorific value of hydrogen is 141.88MJ/kg.  
 
 

𝑚𝑚𝐻𝐻2 =
𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡
𝐻𝐻𝑠𝑠

=
9.47 ∗ 1010 𝑀𝑀𝑀𝑀

141.88𝑀𝑀𝑀𝑀𝑘𝑘𝑘𝑘
=  6.67 ∗ 108𝑘𝑘𝑘𝑘 (1.3) 

 
For the total energy placed on the market of 9.47 ∗ 1010 𝑀𝑀𝑀𝑀 and an energy value of 
hydrogen of 141.88MJ/kg, on the Croatian market, 6.67 ∗ 108 kilogrammes of hydrogen 
would be required. 
 
Theoretically, this calculation is accurate. Calculation of energy given on the market is not 
the desired result because this energy also includes energy consumed in lorries and 
maritime transport and additional fuel is already included due to engine losses. From 
experience it is known that the efficiencies of conventional engines range from 20-50%. 
The cell most commonly used in cars, the PEM FC, has an efficiency of 60%, which is a 
higher value than internal combustion engines. In the second calculation, the required 
amount of hydrogen will be determined by using the average mileage and consumption of 
a hydrogen car. For the purposes of this calculation, a car on fuel cells will be used – 
Toyota Mirai. 
 
 (𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑚𝑚𝐶𝐶𝑡𝑡𝐶𝐶𝐶𝐶𝐶𝐶𝐻𝐻2)15,000𝑘𝑘𝑘𝑘 = 𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇 ∗ 𝑑𝑑 = 0.76 𝑘𝑘𝑡𝑡

100𝑘𝑘𝑘𝑘
∗ 15,000𝑘𝑘𝑚𝑚 = 

114kg 
(1.3) 

 
To calculate the total hydrogen required, a total figure of 1,666,413 will be used. 
 
 𝑚𝑚𝐻𝐻2 = 𝑁𝑁 ∗ 𝑚𝑚 = 1,666,413 ∗ 115𝑘𝑘𝑘𝑘 = 1.92 ∗ 108kg (1.5) 

 
For a car consumption of 0.76kg/100km and an energy value of hydrogen of 141.88 
MJ/kg, the Croatian market would need 1.92 ∗ 108kg of hydrogen. Figure 1 illustrates a 
comparison of annual costs based on fuel type. 
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Figure 1: Annual cost of fuel type per 15,000km 
Source: own. 
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The world currently consumes about 93 million barrels of oil per day and 104 trillion cubic 
feet of natural gas per day, releasing greenhouse gases that lead to global warming. In 
contrast, hydrogen is a clean energy carrier. Due to ecological and demographic impacts, 
there is a high probability of a series of changes occurring on our planet over the next 50 
to 70 years. One of the most important factors in improving the ecology will therefore 
undoubtedly be the introduction of environmentally friendly technologies, which certainly 
include fuel cells. Japan, being one of the most advanced countries, has already started the 
process of introducing fuel cells in the railway sector for slower trains, Tokyo bought more 
than 100 hydrogen Toyota buses for the 2020 Olympic Games, and the city of Berlin has 
started the process to purchase hydrogen fuel cell buses. In addition, Germany has begun 
production of submarines and ships with fuel cell technology, and in South Korea, the 
largest cogeneration units with fuel cells to date have been built. Apart from critical 
ecological problems, automotive groups are being forced to develop new technologies, 
which is added to by the fact that scientists predicted a decrease in the extraction of fossil 
fuels after 2020. In addition, the war in Ukraine is having a significant impact on thinking 
about the energy independence of individual countries. 
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For the mass use of hydrogen technologies, it is necessary to produce huge amounts of 
hydrogen at a relatively affordable price. The article will describe the potential of mass 
production of hydrogen. An overview is provided of hydrogen production technologies 
in connection with nuclear power plants and thermal power plants. To this end, excess 
energy and waste heat could be used to produce hydrogen. A special chapter also describes 
technologies for the production of hydrogen using renewable sources.
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In January 2022, the European Commission (EC) adopted the most encompassing 
amendment of the energy statistics regulation conducted to date [1]. Energy statistics have 
traditionally focused on energy supply, nuclear energy and fossil energies, while in recent 
times the essential focus has turned to increased knowledge and monitoring of final energy 
consumption and the renewable energy sector. The EC regulation on energy statistics [2] 
introduces a common framework for the production, transmission and circulation of 
comparable energy statistics in the European Union. Due to the fast pace of technological 
progress, energy statistics must also develop continuously. In terms of official energy data, 
the evolution of energy policies, the importance of establishing appropriate targets and 
the observing of progress in reaching them are significant aspects in the sense of modern, 
developed energy statistics. Updates within the reported energy statistics are therefore 
required to reflect the growing changes. With the aforementioned amendment, the 
European Statistical Office will publish new and detailed high-quality data on several 
segments, including decentralised production of electricity, improved data on final energy 
consumption in the service sector and for transport activities [3, 4], some new energy 
carriers, such as hydrogen [5], some specific data on grid losses during transmission and 
distribution of electricity and gas, etc. Within the proposed research, some categories 
related to the transport sector and hydrogen will be analysed in detail [4], [5].  
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To date, reports have required data on net production by sector (energy, manufacturing 
and construction, transport, other sectors: households, services, agriculture, forestry, 
other) from all fuels combined. Under the new regulation, there is mandatory reporting of 
detailed data on final energy consumption for the transport sector. Of these, more detailed 
end-use data are reported for rail transport (freight and passenger transport), road 
transport (by mode of transport, split into freight and passenger transport), aviation, 
navigation, different fuels and energy sources. 
 
The amendments to the regulation also include new developments in the collection of 
hydrogen data. A new joint questionnaire will be developed for these purposes. The new 
combined questionnaire should include questions on domestic production (split by energy 
and the three carbon capture and storage categories) storage (physical, chemical) and 
stocks (initial, final). In addition, transformation and the energy sector (split as in other 
joint questionnaires), end use (in manufacturing, transport, services, households, other), 
imports, exports (by country) and transmission and distribution losses, production 
capacities (broken down by energy/fuel and the three carbon capture and storage 
categories) should be included. 
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Phase change materials (PCMs) have been widely used for thermal energy storage in 
various applications. The primary characteristics needed for the proper design and correct 
performance of PCM systems include the specific latent heat,  , and the temperature of a 
phase change, Tpc, at which   is released (or absorbed). It should be possible to determine 
 and Tpc from the peaks in the heat capacity vs. temperature plots. However, these peaks 
are wide, thus making this determination obscure. Even in simple cases of PCMs that are 
free from effects such as thermal hysteresis and supercooling, and even during 
measurements when PCMs are close to their equilibriums (i.e. the kinetic effects are 
negligible), the peaks are still wide. In this simple case, the peaks can be explained as being 
results of purely equilibrium effects of finite sizes (or surface effects) in micro- to nano-
sized domains that occur in PCMs (see Fig. 1). The peaks are then averages of the peaks 
associated with all domains. By applying this approach [1-4], it is possible to fit the 
experimental peaks with the theoretical results of this study with very good accuracy (see 
Fig. 2). Sensible and latent heats can be separated and the phase change temperature Tpc 
can be determined as the temperature where the enthalpy has a discontinuity.    
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Figure 1: A schematic picture of domains, shown as small tetragons, in a granular material composed of 
grains. In reality, the shapes and orientations of domains and grains are more complex. The colours are 
used here to distinguish the domains. Domains may be equal to grains or could be just parts of grains.  

Source: own. 

 

 
 

Figure 2: The excess heat capacity obtained from experiment (full lines) and from theory 
 (dotted lines) for three examples of PCMs 

Source: own. 
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Energy is of strategic importance for the development of our society as well as the 
economy. Despite large financial investments and efforts to produce the majority of 
electricity from renewable sources, the share of fossil fuel electricity production [1] – 
especially coal – is still very high and even increasing in developing countries. The 
movement of energy prices and their supply (i.e. mainly coal and crude oil) are influenced 
by both social and natural factors. The social factors include greater autonomy of 
companies in setting energy prices, political factors, disrupted energy supply due to 
political or military conflicts, and social controversy over environmental impacts. The 
main natural factor that affects energy supply is climate change, which affects the amount 
of precipitation in a certain geographical area, resulting in hotter summers than usual and 
low river water levels in dry periods, which prevents the operation of hydropower plants 
and makes it difficult to cool closed primary cycles in nuclear power plants. This, of course, 
is subsequently reflected in the reduction of electricity production [3]. In Figure 1 below, 
the currently operating thermal power plants are highlighted in yellow and newly designed 
thermal power plants that are under construction or undergoing commissioning are 
highlighted in purple. 



74 5TH INTERNATIONAL CONFERENCE ENRE - ENERGY & RESPONSIBILITY. 
BOOK OF EXTENDED ABSTRACTS. 

 

 
 

Figure 1: Geographical location of existing operating thermal power plants (yellow) and newly designed 
thermal power plants (purple) 

Source: https://www.carbonbrief.org/mapped-worlds-coal-power-plants. CC0 [2] 
 

The main purpose of power plants is to change the primary form of energy into the form 
required. This transformation needs to be achieved with the highest possible efficiency 
and the lowest possible unnecessary losses to the environment [3-5]. Aware of the fact 
that fossil fuels are limited and that a breakthrough in electricity supply is needed, there 
has been a large increase in the modernisation of electricity production from fossil fuels 
in recent years. Plants are being modernised and upgraded to achieve greater efficiency in 
the production of electricity from fossil fuels [6]. The European Union’s energy target is 
to produce half of its electricity from renewable sources by 2030 [7]. The current share of 
electricity produced from renewable sources is 29%. In December 2016, the European 
Commission issued a new directive that aims to achieve to set the goals cost-effectively 
[8]. The first such measure was that the members of the European Union had to set 
national targets for 2020, which will help monitor progress and achieve the targets for 
2030. From 2021 onwards, member states must not achieve lower results than those set 
out in the 2020 target from the aspect of the production of electricity from renewable 
sources [9]. By accelerating the use of renewable resources, the European Commission 
wants to reduce energy costs in the common European space as well as achieve 
independence from fossil fuels. It is also important to note that European companies 
involved in renewable energy technology hold 30% of all patents that are directly 
integrated into energy production from renewables and are therefore crucial for its 
efficient operation, use and further development. New changes are also expected in the 



M. Bricl, J. Avsec: The Impact of Coal and CO2 Emission Coupon Market-Driven Prices on the Economic 
Operation of Thermal Power Plants 75. 

 
field of emission coupons in the coming period. It should be noted that the European 
Commission renewed the scheme through the issuance and trading of allowances after 
2020. The European Commission’s actions have significantly increased the value of 
emission allowances and economically forced large emitters of greenhouse gas to adapt, 
modernise and limit their greenhouse gas emissions. Thermal power plants are important 
for providing a sufficient amount of electricity and heat produced in the network and are 
more flexible in their production, such as for example hydropower plants and plants for 
the production of electricity from renewable sources According to the accompanying 
statistics on the economic efficiency of existing thermal power plants, the current situation 
is as follows: 42% of all thermal power plants are operating at a loss, by 2030 this share is 
expected to rise to 56%, and by 2040 to 72%. The poorer economic performance of 
thermal power plants is mainly due to the rising prices of the primary fuel – coal – as well 
as the higher operating costs of treatment plants due to increasingly stringent local 
legislation and increasing costs of purchasing emission coupons that allow carbon dioxide 
emissions. The current loss in the operation of thermal power plants is compensated by 
electricity consumers. In this research paper, the authors describe the impact of market-
driven prices of coal and carbon dioxide emission coupons on the economically viable 
operation of thermal power plants. Based on the Matlab code, the authors illustrate 
different operating scenarios through the example of a thermal power plant with one 
boiler unit [10-17]. It is almost indisputable that the use of fossil fuels has contributed to 
changes in our atmosphere and we will all bear the burden of such changes in the 
environment in the future (the greenhouse effect). More worrying than the realisation of, 
and confrontation with, the needed change is the fact that as a civilisation, we are very 
rigid in adapting to rapid change and are still partially or completely dependent on fossil 
fuels. Therefore, we need to find the proper way to exploit the presence of fossil fuels 
with as little impact on the environment as possible.  
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Teaching techniques are basically similar all over the world. Nevertheless, certain 
differences emerge throughout the learning process. The article will describe the 
similarities and differences in methods of teaching techniques that the authors observed 
between the University of the Azores and the University of Coimbra – both in Portugal, 
as well as the University of Maribor, Slovenia. While the University of Coimbra is one of 
the oldest universities, the authors have included two other universities in order to be able 
to draw a comparison. The University of the Azores operates on three islands in the 
middle of the Atlantic Ocean, namely in the city of Ponta Delgada on the island of Sao 
Miguel, and the islands of Faial and Terceira. Both of the Portuguese universities are 
characterised by the enrollment of a large number of foreign students. The University of 
Maribor is the second largest university in Slovenia and operates in the city of Maribor 
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and some other cities. Particular emphasis will be placed on three faculties: the Faculty of 
Sciences and Technology (University of Azores), the Faculty of Sciences and Technology 
(University of Coimbra) and the Faculty of Energy (University of Maribor), located in the 
cities of Krško and Velenje. A comparison of the teaching methods will be provided taking 
into account a case of normal conditions and that of an epidemic (e.g. COVID-19).



5TH INTERNATIONAL CONFERENCE ENRE - ENERGY & RESPONSIBILITY  
BOOK OF EXTENDED ABSTRACTS 
S. Seme, J. Avsec, K. Sredenšek (eds.)  

 

 

 
 
 
 
 

OPTIMISATION OF A PLATE HEAT EXCHANGER 

IN A SOLAR REFRIGERATION SYSTEM 
 
ANTUN BARAC,1 MARIJA ŽIVIĆ,1 ZDRAVKO VIRAG,2 ANTUN GALOVIĆ,2 
MATEJ ĐURANOVIĆ,1 MILAN VUJANOVIĆ2  
1 University of Slavonski Brod, Mechanical Engineering Faculty, Slavonski Brod, Croatia 
abarac@unisb.hr, mzivic@unisb.hr, mduranovic@unisb.hr 
2 University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Zagreb, Croatia 
zdravko.virag@fsb.hr, antun.galovic@fsb.hr, milan.vujanovic@fsb.hr 

 
Keywords: solar refrigeration system, plate heat exchanger, optimisation, Pareto frontier 
 
 
One of the ways to replace fossil fuels with renewable energy sources is to use a solar 
refrigeration system in which the solar organic Rankine cycle drives a vapour compression 
refrigeration cycle. In this system, plate heat exchangers function as a liquid heater and 
evaporator of the ORC module, and the aim of their optimisation is to reduce the initial 
investment and operating costs for the heat exchanger – two contradictory requirements. 
The paper describes a multi-criteria thermo-economic optimisation of plate heat 
exchangers, with the aim of achieving minimum annual operating costs at the lowest 
possible investment cost. The input data for optimisation of the heat exchanger are the 
mass flow rate of the working fluid and the heating fluid, and the heat exchanger duty. 
These data come from the thermo-economic optimisation of the whole system. The 
calculation and optimisation of plate heat exchangers were performed using the EES 
(Engineering Equation Solver) software [1], which allows the input of geometric features 
and development of user functions for calculating the overall heat transfer coefficient and 
drop in pressure in both flows in the heat exchanger. The calculation is in accordance with 
existing literature [2, 3]. In addition, an economic model was created to consider the total 
investment for the fabrication and installation of a heat exchanger, as well as the annual 
operating costs of the heat exchanger. The annual operating costs include the cost of 
power loss due to a drop in pressure in the heat exchanger, which comes at the expense 
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of the net power of the cycle. The objective function for optimisation of the heat 
exchanger is defined in terms of the weighted sum of the total investment cost and the 
annual operating costs. Thus, by varying the weight factor in the objective function, a 
Pareto frontier with suboptimal solutions is obtained. Optimisation of the heat exchanger 
was performed on four operating fluids: R1234yf, R1234ze (E), R152a and R290, and the 
obtained Pareto frontiers are shown in Figure 1. It can be seen that the R152a fluid proved 
to be the best, since it requires the least initial investment for the given annual operating 
costs. 
 

 
 

Figure 1: Pareto frontiers of the annual operation cost of pumps and annual repayment of the HE 
Source: own. 
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The authors of this paper conducted a numerical study in which they predicted cavitation 
around a NACA 0018-45 hydrofoil. A block-structured computational mesh was created 
in ICEM CFD. Transient simulations were performed in Ansys CFX where the SST 
turbulence model with Reboud’s correction was used. For the cavitation modelling, the 
Schnerr-Sauer cavitation model with the recommended values was used. Data of the total 
vapour volume in the domain for all timesteps was used in the FFT analysis, where a 
shedding frequency of 59 Hz was recorded, which is consistent with the results from 
existing literature. 
 
The result from Ansys CFX were then imported into Matlab where the potential power 
applied to the surface was calculated. The locations with the highest values of the mean 
potential power applied to the surface are at the trailing edge, which is in agreement with 
experimental results from existing literature. 
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Cavitation model 
 
The mass transfer rate in the Schnerr and Sauer model is proportional to 𝛼𝛼(1 − 𝛼𝛼).  
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The recommended values for the two coefficients are 𝐹𝐹𝑣𝑣𝑎𝑎𝑣𝑣  = 1 and 𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0.2. The 
recommended values for the bubble number density is 𝐶𝐶 = 1013. 
 
Cavitation Erosion Potential 
 
The potential energy of the vapor structures can be structured as: 
 
 𝐸𝐸pot = (𝐶𝐶 − 𝐶𝐶v)𝐻𝐻v (1.3) 

The potential power for the void fraction derivative term is defined as: 
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The analytical expression for the solid angle of a planar triangle is written as: 
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The potential power applied to each surface element j and for all volume elements i can 
be defined as: 
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Due to climate change, natural disasters, including floods, are becoming more frequent. 
Floods result from the overflow of rivers and streams and affect the operating regime of 
hydroelectric power plants. In fact, during flood events, hydropower plants must spill 
water over dams to maintain safe operation, particularly the stability and strength of the 
dam structure, and to protect hydraulic machines from being exposed to the effects of 
water debris. From an energy point of view, any spilled water is an irrecoverable loss of 
energy. Consequences can be seen of numerous releases and environmental impacts 
resulting from the unrestricted exploitation of natural resources. One such consequence 
is the release of a high amount of natural water energy (such as heavy rain) in a short 
amount of time. With the equipment installed, it is not possible to process such a large 
amount of water, thus resulting in a loss of energy. 
 
The paper deals with the overflow of water over dams (upper discharge) in the chain of 
hydroelectric power plants on the Sava River in the southern part of Slovenia. The Sava 
River was chosen because of its character; it is a typical sub-Alpine river. Flood events are 
more frequent in spring, when the snow melts in the Alps, and in autumn when heavy 
rainfall occurs. The flow rates are often too large for the installed capacity of the existing 
hydropower plants. Therefore, for the purposes of this paper, the losses are estimated. 
The added installed capacity could increase the existing production, thus reducing imports 
of electricity to Slovenia. 
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Four hydropower plants are installed and one is planned on the lower region of the Sava 
River in Slovenia. In the direction of flow, these are the Boštanj HPP, the Arto-Blanca 
HPP, the Krško HPP and the Brežice HPP. Construction of the final one – the Mokrice 
HPP – is planned in the coming years. The chain of HPPs operates under installed 
conditions, meaning it has river flow rates up to 500m3/s. The accumulation basins of the 
Brežice and Mokrice HPPs have the role of equalising the daily water flow variability from 
the upstream HPPs on the Sava River. It is also possible to overflow excess water during 
extreme river flows through installed safety structures (bypass overflow fields) in front of 
the Brežice and Mokrice HPPs. The Boštanj, Arto-Blanca and Krško HPPs do not have 
large reservoirs, therefore all three hydroelectric power plants are of the run-of-the-river 
type. 
 
Data on the water level and spilled water in individual hydropower plants were collected 
between 2015 and 2019. The volume of spilled water, the number of spilled events and 
the estimated energy loss were calculated. The volume of spilled water is calculated from 
the flow rate data for individual HPPs. The difference in the amount of spilled water 
between the HPPs is due to different reservoirs capacities and operating regimes. More 
than 4,200 million m3 of water was spilled and 3,316h of overflows were recorded at the 
Krško HPP in the given period. The average amount of spilled water volume per year for 
all four HPPs is 3,370 million m3. The share of spilled water and the ratio of spilled water 
are increasing in line with the total volume of water, and, on average, is 12.5% at all four 
hydropower plants. The energy loss for all hydropower plants due to spilled water is 96 
GWh per year on average. 
 
The authors of this paper believe that spilled water over a barrier or locks could be used 
for energy production. All the water that does not go through the turbine track is 
irretrievably lost. In future, it can be expected that an even more significant amount of 
water will be spilled due to climate change.
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Global warming is caused by the transition of carbon into the atmosphere. Life is based 
on this element, and it provides the comfort we enjoy through the variety of substances 
and materials in which it occurs. The problem with the use of carbonaceous materials is 
its one-way nature, or rather is it only circular to the extent of the amount of carbon 
‘consumed’ by biomass for its growth or left in solid form in landfills. The problem is that 
carbonaceous materials cannot be recycled mechanically or at low temperatures in the way 
metals can, i.e. in endless cycles as carbon materials, without exception their quality 
decreases with each cycle due to their heterogeneity, thus they eventually end up in landfill 
or an incinerator. 
 
This raises the question of whether a circular economy of carbon from natural or fossil 
sources without further straining the atmosphere is technically feasible. The only possible 
way to reuse carbonaceous materials is to completely decompose them into their basic 
components. To this end, technology should allow for the indiscriminate acceptance of 
heterogeneous and composite raw materials. Any material containing hydrocarbons 
should be subjected to such a thermo-chemical process at the end of its lifecycle. Disposal 
should only be allowed for inorganic materials without hydrocarbons, and even in this 
case certain substances, such as phosphorus and rare metals, should be reused. 
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The technology that satisfies the above condition is the gasification of solid materials, a 
process known since the beginning of the industrial revolution. The first commercial 
installation of dry distillation dates back to 1812, while the first commercial gasifier dates 
back to 1832. Gasification technology allows the conversion of hydrocarbons via synthesis 
gas (a mixture of CO and H₂) back to virgin raw materials, just like recycling metals. 
However, there is a major technological problem with gasification that prevents its 
commercial expansion and applicability by today’s technical standards: the occurrence of 
tars, which are an inevitable part of the process itself. This paper presents an innovative 
gasification technology, which addresses this problem in such a way that the final product 
is a synthetic gas without the presence of tars and represents a new raw material suitable 
for synthetic processes, such as synthetic methane or methanol. Figure 1 presents the 
testing of pilot device in Vransko. 
 

 
 

Figure 1: Testing of pilot device in Vransko 
Source: own. 

 
Two fundamental problems of gasification technology were addressed with innovative 
gasification technology: 
 

1. Fundamental gasification problem: tar formation in its process 
2. Input materials problem: content of Cl and S elements in certain fractions of 

waste 
 
The technology configuration includes a catalyst with a partial oxidation process and a 
thrust steam gasifier, which works on the ‘updraft’ gasification principle. It enables 
production of  producer gas rich in tars, which is the main construction goal and the main 
difference separating this novel gasification system from existing gasification systems. This 
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demand also significantly expands the possibility of  using gasification materials, which 
must support the formation of  tar as much as possible. Heterogeneity, humidity and dust 
load are therefore advantages or a must for process optimalisation – the gasification 
process with pronounced concentration of  tars. Detail descriptions are evident from 
the P-1900002 and P-1900003 patents. 
 
The technology has been developed to level TRL 6 on the base of  a 700kW pilot gasifier. 
The catalyst itself  was reconstructed to avoid carbon deposits due to heterogenous 
producer gas. The concept was confirmed using a 3MW catalyst which was tested on 
Ankur’s downdraft gasifier in Ruše (presented in Figure 2). Table 1 presents the testing 
results from the development of  the system in 2015. 
 

 
 

Figure 2: 3MW catalyst 
Source: own. 

 
Table 1: Example of  testing results from the development of  the system in 2015 (vol%; air was used as 
the oxidiser) 
 

 25.5. 25.5. 9.6. 10.6. 10.6.  
Product gas Product gas Syngas Syngas Syngas 

CO 28.6% 29.1% 11.9% 13.9% 12.6% 
CO2 5.8% 7.6% 8.4% 11.7% 7.3% 
CH4 2.1% 2.3% 1.5% 0.6% 2.4% 
O2 1.7% 0.1% 0.1% 0.6% 0.5% 
H2 20.1% 24.2% 19.7% 11.5% 20.4% 
N2 41.7% 36.7% 58.4% 61.7% 56.8% 

LHV 6.5MJ/Nm3 7.1MJ/Nm3 4.1 MJ/Nm3 3.2MJ/Nm3 4.8MJ/Nm3 
HHV 7MJ/Nm3 7.6MJ/Nm3 4.6 MJ/Nm3 3.4MJ/Nm3 5.3MJ/Nm3 
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The selected type of gasifier with its specific gasifying process enabled the second problem 
to be solved – the Cl and S presence in waste materials. The gasification process is slow 
and ‘wet’, and the same adsorption reaction between alkaline additive and Cl and S can 
already take place in the gasifier. In terms of the efficiency of adsorption, several tests have 
been performed with increased concentrations of PVC and rubber as well as added calcite 
or lime. Under optimal conditions, the adsorption efficiency exceeds 99% and the final 
limits have not yet been reached. 
 
The goal of using heterogeneous carbonaceous materials such as waste and biomass 
residues to produce clean tar and S/Cl-free syngas, without the need to clean them in 
downstream filters, was achieved and confirmed. In the near future, two more project 
tasks will commence an upgrade of the gasification system with SOFC fuel cells and its 
implementation to the pressure mode. The current basic development is carried out with 
a low-pressure gasification system using air as an oxidant. In the case of synthetic 
applications, it will be necessary to develop high-pressure systems that will enable more 
optimal capacities for the supply of small- and medium-sized chemical plants (50 to 
100MW of gasifier input power) for the production of synthesis gases such as synthesis 
methane. 
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Background and introduction 
 
Global warming and other environmental issues are growing problems that affect more 
people every year. One of the biggest reasons for the higher concentration of greenhouse 
gases (GHG), and consequently global warming, are industrial activities. To limit the 
damage, it is necessary to reorganise the industry in accordance with sustainable 
development guidelines. One of the key indicators today is carbon footprint, which helps 
to identify the environmental impacts of companies. This is very important in terms of 
meeting the future sustainability goals that are the part of the EU guidelines. 
 
GHG methodology 
 
The GHG Protocol is used as the main methodology in accordance with the ISO 14064-
1:2012 standard. The GHG Protocol categorises sources of GHG emissions as direct and 
indirect sources. GHG emission sources are further divided into three scopes – scope 1, 
scope 2 and scope 3. Scope 1 are direct sources, scope 2 are indirect sources from heat 
and electricity, and scope 3 are all other indirect sources of GHG emissions. Scope 1 and 
2 are more carefully defined because these two scopes are mandatory in GHG emissions 
reporting.  
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A Carbon footprint and identification of ‘hot spots’ 
 
The carbon footprint shown below in Table 1 was calculated for all scopes for a medium-
sized company in the plastics industry. Scopes 1 and 2 are more controllable in terms of 
data gathering, whereas scope 3 represents a challenge for companies, since upstream and 
downstream data is needed that is not controlled by the company. For the case shown, 
the activities observed in scope 3 were: purchased goods and services, upstream and 
downstream transportation and distribution, waste generated in operations, business travel 
and employee commuting. 
 
Table 1: Carbon footprint of scope 1, scope 2 and scope 3 
 

Activity Carbon footprint [t CO2e] 
Total Direct GHG Emissions (Scope 1) 76.5 
Vehicles 61.1 

Forklifts – diesel, LPG 8.6 
Delivery vehicles and trucks – diesel 11.8 
Passenger cars – diesel 40.7 

Fugitive emissions - R410 A refrigerant 15.4 
Total Indirect GHG Emissions (Scope 2) 159.8 
Electricity consumption – hydro 38.2 
District heating consumption – CHP (coal) 121.6 
Total Indirect GHG Emissions (Scope 3) 17,915.5 

 
The hot spot in scope 1 is the ‘passenger cars’ activity, which is responsible for 53% of 
scope 1 GHG emissions. In scope 2, the hot spot is represented by the 'district heating 
consumption’ activity. District heating consumption is responsible for 76% of scope 2 
GHG emissions and 51% of scope 1 and scope 2 GHG emissions. Scope 3 has a 
significantly higher carbon footprint than scope 1 and 2 primarily because of purchased 
goods, which are mainly plastic granulates and contribute 95% of scope 3 GHG emissions. 
 
Sustainable goals measures 
 
The author of this study proposes different mitigation activities that companies could 
implement. The results of the activities reflect a reduction in carbon footprint and are 
illustrated in Figure 1. Mitigation activity A is the use of hybrids for the company’s vehicle 
fleet. Mitigation activity B is the electrification of the company’s vehicle fleet. The author 
proposes different types of electricity source: hydro, PV and the Slovenian mix. As can be 
seen in Figure 1, Activity B achieves greater reductions than Activity A. Mitigation activity 
C is electrification of the company’s forklifts. The same electricity sources are used as in 
Activity B. In the case of an electric forklift with electricity from the Slovenian mix, the 
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carbon footprint increases. Mitigation Activity D is the use of a different energy source 
for electricity. Hydro, PV and the Slovenian energy mix are compared. The hydro energy 
source used by the company has the lowest carbon footprint. If the company used a 
different electricity energy source, its carbon footprint would increase. Mitigation activity 
E is the use of different energy sources for heat. A comparison is made of district heat 
from a CHP power plant run on coal with heat from a local furnace run on biomass and 
natural gas. Using a local furnace on biomass for heat supply is the greatest proposed 
mitigation activity. 
 

 
 

Figure 1: Comparison of different activities to reduce carbon footprint 
Source: own. 

 
Conclusion 
 
In the paper, the author briefly describes the carbon footprint of a company in the plastics 
industry. Although scope 3 represents 98.7% of GHG emissions, the emphasis is on 
mitigation of scope 1 and 2 activities, because the company has more control over these 
activities. If the company implemented all the most optimistic mitigation activities, it could 
reduce its scope 1 and 2 carbon footprint by 55%. The next step for the company should 
be the use of the methodology for the quantification of mitigation activities. 
  



94 5TH INTERNATIONAL CONFERENCE ENRE - ENERGY & RESPONSIBILITY. 
 
 
 



5TH INTERNATIONAL CONFERENCE ENRE - ENERGY & RESPONSIBILITY  
BOOK OF EXTENDED ABSTRACTS 
S. Seme, J. Avsec, K. Sredenšek (eds.)  

 

 

 
 
 
 
 

REDUCING CARBON FOOTPRINT BY CHANGING 

ENERGY SYSTEMS 
 
DRAGO PAPLER, MARIJAN POGAČNIK  
Biotehniški center Naklo, Naklo, Slovenia 
drago.papler@bc-naklo.si, marijan.pogacnik@bc-naklo.si 

 
Keywords: energy efficiency, renewable energy barriers, energy efficiency, carbon 
footprint, economics 
 
 
Since its construction in 2006, the use of energy products at the Naklo Biotechnical Centre 
has been changing in type and quantity according to alternative energy solutions and taking 
into account European and Slovenian requirements in the field of efficient energy use, 
with environmental effects in terms of CO2 reduction. 
 
The Biotechnical Centre has been at its current location, Strahinj 99, since 1989. At that 
time, the school took over the property including stables and outbuildings. In 2004, a 
cattle barn and a horse barn were built, which were heated using liquefied petroleum gas 
(LPG). Due to the needs of practical training and the distance from the parent school in 
Kranj, the premises for practical training on the property were renovated. These rooms 
were also heated using liquefied natural gas (LNG).  
 
The Naklo Biotechnical Centre follows a sustainable development policy and, alongside 
its basic educational role, aims to be an example of good practice in the field of agricultural 
economy. The buildings of the Naklo Biotechnical Centre have relatively high energy 
needs due to its activities throughout the day, the large number of people and the large 
heating areas. It uses electricity from the public distribution grid and heat energy for its 
energy supply. Over 12,000m2 of space is heated throughout the Biotechnical Centre, with 
varying electricity and heat requirements for individual rooms.  A school building with a 
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sports hall was also built on the site in 2006 and is heated using extra light fuel oil (ELKO). 
Two 550kW furnaces were installed in the boiler room.  
 
In 2007, a photovoltaic (PV) power plant with a capacity of 89,835kW was built on the 
cattle and horse stables, which was expanded in 2008 and fed into the public distribution 
grid. In 2016, the PV plant was connected to the centre's internal electricity grid under the 
PX3 scheme, which provides approximately 30% of the centre's electricity needs. This has 
led to a reduction in the carbon footprint, as the energy is derived from the sun with no 
additional emissions. The greenhouses for horticultural needs have their own heating 
system run on ELKO, which, in line with the strategy to use different energy sources for 
educational purposes, will be replaced by a heat pump using a water borehole. 
 
With an awareness of the environmental impacts, the heat energy for heating presented a 
major challenge for the Naklo Biotechnical Centre, an important element of which is 
raising awareness about a clean environment. In line with its business strategy and 
establishment of the ISO 14001:2015 environmental standard, the management of the 
centre pursues important business and environmental objectives, including a reduction in 
energy costs, waste and materials, and educating and motivating stakeholders to act 
responsibly towards the environment. By receiving the ISO 14001:2015 certification in 
2019, the Naklo Biotechnical Centre is committed to continuously improving its 
environmental performance. Therefore, the management of the centre has adopted 
alternative technological solutions to reduce its carbon footprint. The average annual 
consumption is 100,000 litres of ELKO, which translates into 260 tonnes of CO2 
equivalent.  
 
In 2014, a dairy and fruit workshop was built using the centre's own funds and EU funds. 
The energy used for heating and technological processes was wood chips, with a stove 
power of 150kW. In order to make the technological use of energy in the butane gas 
kitchen more cost-effective, a connection to the public natural gas distribution network 
of Domplan Kranj was made in 2016. In 2021, the school building and the sports hall 
were connected to the system. An investment was made in rehabilitation of the heating 
installations by installing a Weishaupt gas burner, gas fittings, a gas line with a ball valve 
with a thermocouple, a natural gas pressure regulator, a rotary gas meter for gas flow 
measurements and other equipment, internal gas installation, burner start-up and 
adjustments, flue gas emission measurements and measurement protocols.   
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The difference in carbon footprint between fuel oil and natural gas results in a difference 
of 0.7kg of emissions CO2 equivalent/litre or 70 tonnes of CO2 equivalent. The savings 
in terms of societal benefits are evaluated by taking into account the ecological benefits, 
taking into account the price of CO2 emission allowances.  
 
The paper will analyse the development changes of the heating systems, calculate the CO2 
equivalent emission change equivalents depending on the heating systems and simulate 
the solutions after the final withdrawal of ELKO from the centre and its replacement by 
natural gas.  
 
In the next step, calculations of economic indicators, such as payback period of the 
investment, net present value, internal rate of return, cost-effectiveness and return on 
investment, will be carried out in terms of the change of energy sources from a cost-
competitive perspective.  
By simulating the heating experience in relation to the outside temperature and energy 
consumption, a risk assessment will be produced, which will be presented in terms of 
changes in energy quantity, price fluctuations and maintenance costs. 
 
The economic and environmental impacts of energy switching will be elaborated through 
a Cost-Benefit Analysis (CBA) from the point of view of climate change and CO2 
equivalent savings. 
 
In accordance with the Regulation on the environmental charge for air pollution by carbon 
dioxide emissions (Official Journal of the European Union No.48/18 and 168/20), the 
CBA takes into account the value of CO2 emission allowances according to the Decision 
on the average price in 2020, which is EUR 24.31/t and EUR 52.89/t for 2021.  
 
The increase in energy prices in 2020-2030 is expected to be influenced by rising gas prices 
due to increased demand and the war in Ukraine and thus increased CO2 pollution, which 
will have an impact on the price of CO2 emission allowances.   
 
The Naklo Biotechnical Centre is a responsible sustainable educational institution that 
educates young generations and should also set an example in the use of energy systems 
that are energy efficient and environmentally sound. 
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Transport is an important cause of several environmental issues, including air pollution 
and climate change. In the transport sector, a number of EU-level policies have been put 
in place to tackle sectoral environmental impacts and support the transition towards a low-
carbon, circular economy [1].  
 
Both electric and hydrogen fuel cell vehicles are classified as ‘zero emission vehicles’ 
because they produce zero tailpipe emissions at the point of use. However, the question 
arises what emissions and other environmental impacts result from the production of 
electricity and hydrogen.  
 
There are many conflicting claims about the environmental impacts caused by electric 
vehicles and hydrogen fuel cell vehicles. One of the most common ones is that electric 
vehicles and hydrogen fuel cell vehicles do not cause any emissions. On the other hand, 
there is an view that mere production and handling of battery packs after the end of their 
life causes greater negative impact on the environment than the use of a conventional 
vehicle, and that hydrogen production causes greater environmental impacts than the use 
of fossil fuels [2]. 
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In order to make an informed decision, it is important to understand environmental 
impacts of vehicles throughout their entire lifecycle. The Life Cycle Assessment (LCA) 
enables the comparison of different technologies and fuel options. In our study, the 
environmental impacts of six types of light-duty vehicles were compared: the vehicles with 
internal combustion engines (petrol, diesel, CNG and LPG), the electric vehicles and the 
hydrogen fuel cell vehicles.  
 
LCA methodology 
 
The first step in an LCA is to define its goal and scope. The goal is to explore the 
environmental impact of a certain vehicle. The LCA analysis covers: 1) vehicle production 
(used materials and auxiliary materials, production technologies), 2) transport of materials 
between the supplier and vehicle producer and transport of vehicles from the vehicle 
producer to the point of sale, 3) use of vehicles including emissions from the production 
of fuel and maintenance of vehicles and 4) vehicle end-of-life. The input data was gathered 
from literature. EcoInvent 3.8 database was used as a main source of secondary data. 
 
Case study 
 
European C-segment passenger car with assumed vehicle lifetime of 15 years and 300,000 
km was used as a case study example. Real-world fuel consumption is based on average 
EU28 use profile. A fuel mix is based on EU-27 base blend. An electricity mix is based on 
Slovenian database. 
 
Results  
 
Comparison of GHG emissions (in tons of CO2-e) for different medium passenger 
vehicles is presented in Figure 1. While a type of transport might be zero emission at the 
point of use, this is in fact not really the case if we consider the complete life cycle. 
Nevertheless, the electric vehicle has the lowest GHG emissions in the entire life cycle 
and is followed by the hydrogen fuel cell vehicle. Even more importantly, there is a further 
room for improvement (shown with a blue arrow) when using 100% green electricity or 
100% green hydrogen in the use phase.  
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The electric vehicles and hydrogen fuel cell vehicles both have higher embedded GHG 
emissions from vehicle production than any conventional internal combustion vehicle. 
Considering the production of electrical vehicles, the battery pack and the size of that 
battery pack has a significant impact on the overall result. For the hydrogen fuel cell 
vehicle, the increase in embedded GHG emissions results from the on-board hydrogen 
cells and the hydrogen storage system. 
 
The production of electricity and hydrogen consumed during the use phase is the most 
significant input variable for the vehicle’s use stage and also its entire Life Cycle 
Assessment. 
 
Other life phases, eg. the transport of materials between the supplier and vehicle producer 
and transport of vehicles from vehicle producer to point of sale, maintenance of the 
vehicle and end-of-life of vehicles have significantly lower environmental impacts.  
 

 
 

Figure 1: Comparison of GHG emissions for the medium-sized passenger vehicles in Slovenia 
Source: own. 
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Notes 
 
Table 1: Nomenclature 
 

(Symbols) (Symbol meaning) 
CNG Compressed natural gas 
LCA Life Cycle Assesment 
LPG Liquefied petroleum gas 
CNG Compressed natural gas 
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The Savinjska-Šaleška (SAŠA) region is at a turning point. The closure of the Velenje Coal 
Mine and the coal-fired power station in Šoštanj is rapidly approaching; consequently, the 
need for services provided by their economic and other business partners is declining. 
 
As the region is and will continue to change due to the dwindling coal industry, we need 
to find answers to the questions of what kind of region its inhabitants will value and 
appreciate, accept as a desired and worthy destination in which to live, where they will 
want to start a family and in which we will strive for a comfortable life of each individual 
and the successful development of the region as a whole. By knowing how to encourage 
the pursuit of higher added value for every inhabitant of the region, it will also be possible 
to provide respectable added value for the entire restructured region. 
 
Regardless of the expected changes and threats that are present and will occur, the region’s 
restructuring process must be seen primarily as an opportunity for changes, including 
those that coincide with the European Union’s efforts to move member states to a carbon-
free society. 
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VISION 

 
‘The Savinjska-Šaleška region will make a fair transition from a coal region to a 
region with happy people and a green, friendly and liveable environment.’ 
 
We will succeed if we have clearly defined goals, knowledge as well as wise and courageous 
decision-makers in the region and the country. 
 
SOCIO-ECONOMIC SITUATION OF THE SAŠA REGION 
 
Given the experience gained in the European Union and the developed world, it takes at 
least 20 years to make a fair transition from a coal region with such diverse and demanding 
mining, geological and sociological conditions as are present in the Velenje Coal Mine, 
which has been operating for almost 150 years. The scale of the problem is dictated by the 
size of the exploitation area, the unique thickness of the coal seam and the excavation 
method with the demolition of the roof layers. Nowhere in the world have the 
consequences of coal mining been as multifaceted as in the Šaleška Valley. 
 
By 2020, 145 million tons of lignite had been mined in the Šaleška Valley. Due to coal 
mining, more than 800 ha of quality agricultural land were degraded, the villages of Škale, 
Pesje, Preloge, Gaberke and Družmirje and large areas of Šoštanj and Velenje were 
completely demolished, 1,550 people were relocated, 818 residential and commercial 
buildings were flooded and demolished and there was a major stagnation in the 
development of the settlements of Metleče and Topolšica. In 145 years, 143 miners have 
been fatally injured and difficult working conditions in the mine have resulted in thousands 
of workers sustaining life-changing injuries. Two churches were torn down, more than 
1,500 graves had to be relocated from three large, now submerged, cemeteries, three 
primary schools, cultural centres and fire stations, as well as many sports and other 
infrastructure facilities were demolished and hundreds of kilometres of roads were 
damaged and destroyed.  
 
Due to the high tax paid for coal mining by the local community in the Šaleška Valley so 
far, there needs to be a fair and honest transition from coal mining activities. In addition 
to high-quality rehabilitation of the vast areas of degraded land, construction of 
embankments around sinkhole lakes, regulation of watercourses, etc., it will also be 
necessary to replace the lost jobs in the coal mining and energy sectors as well as job losses 
in the chain of companies connected with coal mining and power engineering. According 
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to the calculations of internationally recognised experts and trade unions, this amounts to 
the need to replace approximately 5,000 jobs. 
 
A fair transition also requires the regulation of optimal conditions for the safe and age-
appropriate life of an increasing number of elderly people in the region, both in terms of 
housing and health. In recent years, the Velenje Coal Mine and the Šoštanj Power Plant 
have made great efforts to solve problems related to the ecological rehabilitation of the 
region, build alternative housing for inhabitants of degraded areas, purchase alternative 
building and agricultural land across the country, rehabilitate damaged land and establish 
new activities. Due to high costs, many problems remain unresolved. A 3-9% cost of 
mining damages was included in the price of coal, depending on the extent and complexity 
of the problems that had to be solved in individual years. The state did not participate in 
covering of the costs of repairing the mining damage, even though it should have, as the 
Cola Mine has had to adapt to the owner’s requirements in terms of the size of production, 
which also included overtime work on Saturdays, Sundays and holidays, with the aim of 
providing an adequate amount of heat and electricity. 
 
GEOGRAPHICAL PICTURE OF THE SAVINJSKA-ŠALEŠKA REGION 
 
The Savinjska-Šaleška region is very geographically diverse. From the northwest to the 
southwest it stretches all the way from the Kamnik-Savinja Alps to the valleys and forests 
of the Upper Savinja Valley. It also includes the entire Šaleška Valley, which includes the 
Municipality of Velenje and the Municipalities of Šoštanj and Šmartno ob Paki. 
 
The Savinjska-Šaleška region comprises the area of ten municipalities; in addition to the 
already mentioned three from the Šaleška Valley, the region includes the municipalities of 
Solčava, Luče, Ljubno, Gornji Grad, Rečica ob Savinji, Mozirje and Nazarje. It makes 
sense to define these municipalities as an integral part of the coal region, as they are 
strongly intertwined with municipalities from the Šaleška Valley, with historical, economic 
and cultural ties in many areas of public and private life and have always been an important 
source of work force for the Velenje Coal Mine and Šoštanj Power Plant. 
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Figure 1: Municipalities of the Savinjska-Šaleška region 
Source: Print screen, own. 

 
The region covers 705.6km² in size and has a population of 61,800. This represents about 
3% of the population of Slovenia and the region occupies 2.9% of the entire territory of 
Slovenia. 
 
For decades, the Savinjska-Šaleška region has been one of the largest, if not the largest, 
energy basins in the country, producing heat, electricity and cooling energy, all through 
the conversion of coal energy. In addition to coal reserves, the SAŠA region is rich in solar 
energy and biomass, as well as water resources, which offers it the opportunity to develop 
a green economy and green jobs. An alternative to today’s economy in the region can be 
offered by a sustainable economy based on the rational use of raw materials and energy, 
with an emphasis on renewable energy sources, diversified and more environmentally 
friendly transport, waste recycling and tourism. 
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The study areas comprise two water reservoirs: The Žegnan spring in the Municipality of 
Rečica ob Savinji and the Ljubija tributary in the Municipality of Šoštanj. Both are 
registered as water protection areas (WPA). The Ljubija tributary is active, since it provides 
drinking water for around 30,000 people [1]. The Žegnan spring used to be a source of 
fresh water supply until 1986 [2]. 
 
The most important and demanding task of water supply is to secure the adequate quality 
and sufficient quantities of drinking water, even during periods of drought period when 
the need for the water increases. On a global level, karst water resources cover 
approximately a fourth, and a third of Europe’s drinking water demands [3-5]. In Slovenia, 
as much as 97% of the population is supplied with drinking water from underground 
aquifers [6], and almost half of the country’s drinking water needs is obtained by pumping 
water from karst aquifers [7]. As karst aquifers are highly vulnerable to pollution, karst 
water resources require proper and consistent management. In Slovenia, large karst areas 
are usually quite remote and, due to their unfavourable topography and climatic 
conditions, less suitable for intensive settlement and the concentration of various 
activities. These are mainly wooded areas or areas dominated by extensive farming [8]. 
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Taking in account the nature, low retention and low self-purification capacity of karst 
aquifers, in addition to their rapid infiltration from surface to groundwater and swift 
underground flow, the authors of the paper intend to check the threat to water reservoirs. 
In addition to natural factors, the water quality [6, 9-11] was monitored, using general 
physical and chemical parameters (turbidity, pH value, electrical conductivity, water 
temperature and hardness). The human impact was also proven and the nitrate content 
was measured as an indicator of nutrient status in water, focusing on otherwise extensive 
agricultural activity in the research areas. The authors checked the characteristics of the 
Ljubija tributary and the Žegnan spring twice a month throughout 2020, in the wet and 
dry seasons, in groundwater (LGW and ŽSGW) and surface water (LSW and ŽSSW) 
respectively. Additionally, all the indicators were compared to the precipitation data. 
 
The precipitation data 10 days prior to sampling showed very similar precipitation regimes 
in both areas in 2020, with the first precipitation peak in summer (June-Aug) and the 
second in autumn (Sep-Nov). The total annual rainfall was above 900mm (Table 1). The 
data on peak precipitation corresponds to the continental climatic conditions (Cfb subtype 
according to the Köppen-Geiger climate classification, annual precipitation 1,000-
1,400mm), but with decreased annual rainfall in 2020, which coincides to the less rainfall-
rich climate type of eastern Slovenia and draws attention to potential changes. 
 
Table 1: Precipitation data 10 days prior to sampling in both study areas [12] 
 

 Mar-May 
(mm) 

June – Aug 
(mm) 

Sept - Nov 
(mm) 

Dec - 
Feb 

(mm) 

DRY 
SEASON 

(mm) 

WET 
SEASON 

(mm) 

ANNUAL 
SUM  
(mm) 

Ljubija 
tributary 152.3 381.9 252.8 138.4 287.8 

(31.1%) 
637.6 

(68.9%) 925.4 

Žegnan 
spring 164.0 297.2 296.2 158.4 272.4 

(29.8%) 
642.4 

(70.2%) 914.8 

 
The general physical and chemical parameters (turbidity, pH value, electrical conductivity, 
water temperature and hardness) were within the recommended values throughout the 
whole observation period, in accordance with the natural features of the areas, with no 
statistically significant or unusual deviations. For the precipitation regime, it would be 
useful to check a longer timescale. In the catchment area of the Ljubija tributary – an 
important water supply area for the Savinja-Šalek subregion – the concentration of nitrates 
was very low irrespective of the time of sampling. No precipitation or season dependent 
changes were observed. Due to the values below 3.5mg/L in groundwater and even below 
2mg/L in surface waters, values cannot be related to anthropogenic influence. In the 
Žegnan spring, slightly higher concentrations of nitrates were measured compared to the 
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area of the Ljubija tributary. Consistent with natural water flow and area characteristics, 
higher concentrations of nitrates were determined in ŽSGW than in ŽSSW, which is the 
opposite of the catchment area of the Ljubija tributary. The precipitation regimes did not 
affect the nitrate variations on the surface and in the ground water, regardless of whether 
it was a dry or wet season. 
 

 
 

Figure 1: Variations in nitrates variations, wet and dry seasons, ground and surface water of the areas of 
the Ljubija tributary and the Žegnan spring 

Source: own. 

 
The contact karst springs-scale field study conducted throughout the year 2020 included 
one potential and another active water supply area located in northeast Slovenia. The 
authors analysed their features in the frame of a potential karst hazard, drinking water 
supply and WPA. The vulnerability of the areas in terms of nitrates was excluded in the 
year 2020. Precipitation, or more precisely seasonal precipitation characteristics, did not 
pose a risk of extreme deviations of water parameters. The authors concluded that the 
intensity of human activities have not exceeded the previous natural conditions and self-
purifying capabilities of the bodies of water researched. However, prudent and sustainable 
management is also required in the future to prevent overburdening these water sources. 
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In the decades after World War II, the Šalek Valley experienced unique development. First 
in terms of coal and electricity production, and later industry-based development. These 
activities resulted in several environmental problems which culminated in the 1980s and 
1990s. During this period, the Šalek Valley was considered one of the most polluted and 
environmentally degraded areas in Slovenia [1]. 
 
The pollution and degradation of the environment required a quick and effective response 
from the local as well as the wider community. In the context of broader socio-economic 
and political changes, the environment has become one of the most important items of 
local and state policy, and due to increasing ecological awareness, the political value of 
ecology has also increased rapidly. 
 
Spatial distribution and the complexity of environmental issues required a professional-
political interdisciplinary approach with the coordinated and active participation of various 
stakeholders (politics, profession, interested public, economy, etc.) and the area has 
experienced a comprehensive case study of ecological remediation in just three decades. 
Numerous legislative acts (e.g. the Decree on air protection in the area of the municipality 
of Velenje, 1990) and strategic and operational documents were adopted, which were 
directly and indirectly implemented in practice (e.g. remediation programmes in the field 
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of air, water and soil in the municipality of Velenje; Local Agenda 21; Municipal 
environmental protection programmes) [1,2], and companies adapted and adjusted their 
operations to the latest environmental standards, etc. 
 
The Šoštanj Thermal Power Plant must be highlighted, as it adopted an ecological 
remediation programme (e.g. desulphurisation of exhaust gases, primary measures to 
reduce NOx, closed water cycle).  At the same time, the efficiency of the remediation 
measures in terrestrial (e.g. forest ecosystem) and aquatic ecosystems (e.g. Lake Velenje, 
Paka River) of the Šalek Valley was measured/monitored [3,4]. 
 

 
 

Figure 1: DPSIR (driving forces, pressures, state, impacts, and responses) model 
Source: own. 

 
Regardless of the many environmental achievements, ecological remediation in changed 
forms and content and based on other challenges is still taking place today. The driving 
forces that have generated most of the environmental problems in the past have received 
the most attention in the context of environmental remediation (Figure 1). However, the 
primacy of environmental problems in the recent period is taken over by activities that 
were (un)justifiably marginalised in the recent past.  
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Increased road transport causally with spatial development needs to be highlighted. 
Although air pollution from transport has decreased over the last decade due to the 
introduction of fuel quality standards, Euro emission standards for vehicles and the use 
of cleaner technologies, concentrations of air pollutants are still too high. Local 
approaches to dealing with transport-environmental related problems follow EU 
guidelines, such as shifting transport to the least polluting and efficient modes of transport, 
using more sustainable transport technology, fuels, and infrastructure, and ensuring that 
transport prices fully reflect negative environmental and health impacts.  
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Plastic waste is unacceptable in any habitat, although it defines the way we live today [1]. 
Plastics deliver numerous benefits to society. They help feed the world in a safe and 
sustainable manner, contribute to more energy-efficient buildings and houses, allow great 
fuel savings in all means of transport ensuring the transition to green mobility, and are key 
materials in innovation and in reducing energy demand while reducing greenhouse gas 
emissions [2]. 
 
The study area comprises 1) the Kornati, 2) the Elaphiti aquatory and 3) the island of 
Pašman in the Zadar archipelago. The inventory of the coastlines of the Adriatic islands 
also determined the representation of the countries of origin of the sea debris (in terms of 
packaging). Finally, data was introduced data from a Slovenian survey, ordered by the 
Ministry for the Environment and Spatial Planning to the Institute for Water of the 
Republic of Slovenia (IWRS) and the National Institute of Biology, Marine Biological 
Station Piran.  
 
The aim of the study was to explore the features of the spatial distribution and share of 
plastic debris washing up on the shores of three remote island areas compared to the 
Slovenian coastal area. In terms of the Croatian survey areas, they are isolated, mostly 
depopulated regions, except during summer, whereas the Slovenian coastline is quite 
urbanised. 
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The Croatian coastal areas were researched in 2018, 2019 and 2021, using a sea kayak as a 
means of transport.  The survey was organised by the Faculty of Environment Protection, 
Velenje. The methodology was prepared in cooperation with the University of Zadar, 
Department of Geography. Data for the debris deposited ashore Slovenia were collected 
in 2017 [3]. 
 
The censuses were carried out in spring, when, due to the seasonally variable dynamics of 
the circulation of marine currents in the Adriatic Sea, higher quantities of marine debris 
are expected [4], [5].  
 
The indicator method was used in a systematic inventory of the coastal ecosystem of the 
Croatian islands [6], [7]. The selection was based on their relevance and the possibility of 
comparing different coastal areas. The method was preliminarily developed for the 
Kornati archipelago. The authors focused on 1) the composition, b) the quantity and 3) 
the number of waste sites on the coast. The IWRS method followed Directive 
56/2008/EC [8], where only the number of waste/100m and the total mass are 
inventoried. 
 
Four Adriatic coastline areas impacted by marine debris are described, all of which are 
economically dependent on tourism, which can also be classed as a driving force of 
pollution. In terms of the physical-geographical factors, the authors assumed the wind 
direction and the southeast west Adriatic current (WAC) along the western Adriatic coast 
as the prevailing influence in relation the distribution of sea debri in the Adriatic Sea. 
Therefore, the distance to the Otranto Gate has determined the level of the coast area 
burden and sea litter deposited ashore.  
 
The Slovenian research method focused on debris material. The authors found that the 
shore is mainly polluted by plastic waste (81.1%), followed by glass and ceramics (12.8%), 
metals (1. 8%), textiles and paper waste (1.2%), wood (1%), rubber waste (0.7%) and other 
unidentified waste (0.1%). The most common plastic waste is: cigarette butts and filters 
(25%), pieces of polystyrene (9%) and pieces of plastic (8.4%) (for which no source can 
be identified), shopping bags (4%), and cotton buds (3.6%). The amount of litter increased 
over the period from 2014 to 2017, while the weight of the distributed litter on the coast 
was decreased. It is assume that marine litter is getting lighter and smaller [3]. 
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In accordance with EC Decision 2017/848 [9] and Directive 56/2008/EC [8], the authors 
evaluated the essential features of marine waters under the jurisdiction of the Republic of 
Slovenia. Debris has one of the greatest exposed and recognised anthropogenic impacts 
on the status of marine waters. Their assessment in the microplastics category is reported 
with an increasing trend in the Slovenian part of the Adriatic Sea. Data for the larger 
categories (meso, macro, megaplastics), which are partly a stock for microplastics, and 
should be surveyed similar to the Croatian pattern. This would upgrade the monitoring of 
Slovenia's marine waters under the jurisdiction of the Republic of Slovenia. The industry 
has a commitment to focus relentlessly on ensuring plastics continue to enable and deliver 
benefits valued by society, while minimising their environmental footprint [2]. 
 

 
 

Figure 1: Share of plastics and prevailing debris type at the researched coastal locations  
Source: own. 

 
In terms of the share of debris plastic, the highest value was recorded for the Slovenian 
locations (81.1%), followed by the Kornati (65.4%) area. The island of Pašman accounted 
for a 55% share while the Elaphiti archipelago had the lowest share of 51.4%. 
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The indicator of the prevailing type of litter exposed the highest share of biomass in the 
Elaphiti aquatory (48.9%), 46.1% of the litter on the island of Pašman was fishing 
equipment (category other) while in the Kornati area, 32.1% was household debris 
(nautical tourism). In Slovenia, cigarette butts and filters accounted for the highest share 
(25%). 
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Fossil fuel combustion, smelting, energy and industrial production, waste disposal and 
transportation are the main anthropogenic sources of contaminants or, in other words, 
potentially toxic elements (PTE) in the environment. Energy production, especially the 
combustion of Cd-rich coals, release heavy metals such as Cd, Cu, Pb and Zn into the 
atmosphere. In the past, before the use of filters in thermal power plants, the production 
of electric energy emitted significant amounts of heavy metals (HM) into the atmosphere, 
from where they were deposited in surface waters, biota and soil where they enriched 
natural concentrations (natural backgrounds [2,6]). Whilst it is true that the impact of 
modern power plants is much less than it was decades ago, the burdens of environmental 
pollution from the past continue to threaten human and ecosystem health. 
 
Soil is a natural resource – a relatively thin layer that covers rock or other parent material 
and consists largely of weathered or altered mineral particles, organic matter and soil biota. 
Among the many physical, chemical and biotic properties, fertility is considered a virtue 
and complex property of soil that critically enables life in terrestrial ecosystems. In 
addition, soil provides a number of important ecosystem services [5] that are essential for 
humans, animals locally and climate globally. It is important to maintain healthy soil [15]. 
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For this reason, the new EU Soil Strategy for 2030 has been prepared and will be adopted 
in 2023 [3,16]. The Government of the Republic of Slovenia is actively participating in the 
discussions on the EU Soil Directive [9].  
 
Extensive research has shown that soil pollution can seriously affect the main ecosystem 
services provided by soil [4] and has a direct and indirect impact on human and ecosystem 
health, both of which are closely related to soil quality and, in particular, its pollution level 
[7]. Soil is considered as a sink and, when the HM binding capacity of soil is exceeded, it 
is also considered a source of pollution. Soil acts as a perfect trap: pollutants are adsorbed 
on soil particles, mainly clay and organic matter, and can be released when chemical 
conditions in the soil change. In this way, the HM become bioavailable, thus posing a risk 
to human and ecosystem health. 
 
Human health risk assessments [7] evaluate the danger of the release of contaminants from 
soil particles. According to the Food and Agricultural Organisation of the United Nations 
(FAO) ‘Risk assessment approaches are similar worldwide and consist of a series of steps 
to be taken to identify and evaluate whether natura 
 
l or human-made substances are responsible for polluting the soil, and the extent to which 
that pollution is posing a risk to the environment and to human health’ [4]. Remediation 
of polluted soils is an important process for improving the environment and human living 
conditions. Researchers are constantly developing new methods for soil remediation. 
Unfortunately, soil remediation is usually limited by the significant cost, time constraints 
and, most importantly, collateral damage (excavation, transportation, dust and noise 
emissions, disposal area) that occurs to the environment, infrastructure and living 
conditions of residents. Where soil cannot be remediated for local reasons, land use should 
be adjusted to minimise the risk of contaminated soil to the environment and human 
health. The first step is to spatially assess soil contamination in the affected areas [10]. 
Land use can also be changed or appropriate planning decisions can be made to change 
land use and limit the pathways and movement of contaminants from soil into the human 
body or further into the ecosystem. 
 
Gardening in urban areas is a recreational and social activity that is growing in importance. 
On polluted soils, gardening can lead to significant dietary HM exposure, especially in the 
case of Cd contamination [1]. The application of protective measures can significantly 
reduce the health risk on low-polluted soils [8,11-14].  
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This paper describes the mechanism of heavy metal binding in soil and briefly discusses 
the bioavailability and pathways of heavy metal exposure to humans (ingestion, food 
chain, inhalation and dermal contact). Strategies are then proposed for effective spatial 
identification of human health risks due to soil contamination associated with urban and 
agricultural land use. Finally, the importance of raising public awareness of soil pollution 
and sharing scientific knowledge on how to live safely and reduce human health risks in 
areas affected by industrial pollution is noted. 
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In today’s fast-developing world with massive expansion of different chemicals, there is 
an urgent need for their effective characterisation and assessment of their safety. This is 
also the case in the field of cosmetics and personal care products, where a vast variety of 
new products are released onto the market on a daily basis. In silico toxicology is one type 
of toxicity evaluation that uses computational methods to analyse, simulate, visualise or 
predict how harmful a chemical can be [1]. In modern science in silico means experimental 
techniques performed by computers. Computational methods are gaining more attention 
and are also preferred by regulatory authorities as an alternate safety assessment for in vivo 
or in vitro approaches. The Environmental Chemicals Agency (ECHA), which is 
responsible for implementing and administering the EU’s REACH chemicals legislation 
and maintains one of the world's largest regulatory databases on chemicals, is also 
developing and supporting in silico approaches [2]. The quantitative structure-activity 
relationship (QSAR) approach represents one of the modern methods in computational 
toxicology analysis and can be used for rapid prediction of various toxicological endpoints. 
It is a computational modelling method for studying and identifying relationships between 
the structural properties of chemicals and their properties [1, 3]. 
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The ongoing Erasmus+ project titled ‘GreenGate – Towards responsible choice and healthy use of 
cosmetic products’ is addressing the problem of insufficient knowledge and awareness among 
adults about harmful substances in cosmetics, cleaning and laundry products which are 
used on a daily basis (Figure 1). It also highlights the incorrect choice and use of these 
products, which can have a negative impact on the health of users and the health of the 
environment, therefore offering solutions. The project follows the European Chemicals 
Strategy for Sustainability: Towards a Toxin-Free Environment (2020), one of the elements of the 
European Green Deal, which also sets out a new long-term vision for the management of 
chemicals in the European Union. 
 

  
 

Figure 1: GreenGate project 
Source: Project GreenGate (EU Erasmus+ programme) 

 
Some consumers might find the ingredients and reading the labels an unsolvable and 
confusing challenge, which leaves them unaware of what a product really contains. To 
solve this issue, GreenGate also aims to create various innovative e-learning solutions and 
promote the use of computational toxicology data and tools. Some preliminary tests have 
already been performed to find the easiest, most user-friendly and reliable computer tools 
for determining the toxic potential of cosmetic ingredients and to equip adults with the 
knowledge and skills to make the right choices and use healthy products. For the purposes 
of this paper, the authors chose two QSAR tools – QSAR Toolbox and Toxtree [4, 5] – 
for the research of harmful chemicals, such as dibutyl phthalate (DBP), triclosan, zinc 
pyrithione and others. These two tools not only help to educate and inform consumers 
about the potentially toxic chemicals in products used every day while helping to protect 
the environment, but also prevent massive increases in animal testing, thus reducing it to 
a minimum, as well as optimising the leading related compounds with a decreased toxicity, 
providing a better understanding of how chemicals and pharmaceuticals work, predict 
toxicity using a category approach before they are synthesised and aim to achieve 
sustainable development green chemistry. 
 
The authors’ future aim is to test as many chemicals as possible, based on a review of 
existing literature and ECHA guidelines with the goal of confirming existing data and 
gaining some new information on chemicals, which are still widely used without any 
restrictions or only have minor restrictions, in cosmetic products.  
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Greenhouse gas emissions, and CO2 in particular, have become an increasing concern in 
the power generation industry. The power sector is responsible for the majority of 
greenhouse gas emissions, especially as CO2 is released through the combustion of fossil 
fuels. Many mechanisms are being investigated to reduce CO2 emissions, one of which is 
carbon capture and storage (CCS). There are several approaches to capture CO2. Some 
are based on capturing CO2 near the source of emission, others on recovering CO2 from 
the atmosphere, possibly long after its emission. Some require the use of new technologies 
that have yet to be developed; others rely on the use and control of natural mechanisms 
or a combination of both.  
 
CCS involves injecting CO2 under high pressure into very deep underground rock layers. 
In many areas, these rocks already securely hold fluids such as oil, natural gas, or water 
that is too salty to be used - saline aquifers. A number of natural confinement mechanisms 
hold these natural fluids in place, often for millions of years. These mechanisms can do 
the same for CO2. CO2 itself is safely trapped in rock layers in many places around the 
world. Geologists searching for CO2 reservoirs look for rock formations that already 
contain fluids and therefore have been shown to have these mechanisms. Evaluating the 
realistic CO2 adsorption capacities of different rocks is important for understanding the 
processes associated with CO2 storage. In this paper, the adsorption properties of rocks 
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for CO2 (limestone, sandstone, marl, mudstone, claystone, siltstone, and metamorphic 
rocks) are investigated using a gravimetric method. Measurements were made at 21°C and 
pressures ranging from 1 to 4 MPa. Sandstone (and clay with sand/sandstone) showed the 
highest adsorption capacity at 21°C. The highest content of in situ CO2 in the measured 
samples was 21.4 kg/t. The CO2 adsorption capacities were lower than the previous results 
for various coal samples. The results suggest that the adsorption of CO2 in rocks may play 
an important role in storing CO2 in subsurface rocks. For the storage of CO2 in rock 
masses, we need to select a suitable rock type that can safely store enough CO2 and 
contribute to the mitigation of climate change. 
 
An important motivation for this study was the opportunity to reduce carbon emissions 
from Slovenia's largest thermal power plant, Šoštanj Thermal Power Plant (TEŠ), which 
generates on average one-third of Slovenia's energy and, in emergency situations, more 
than half of the national demand. 
 

 
Figure 1: System for gravimetric measuring of the CO2 amount in geological materials - MAS-54 

Source: own. 

 
CO2 adsorption capacities were determined by a gravimetric method. From our work, it 
can be concluded that sandstone is the material that adsorbs the most CO2, probably due 
to its composition and other properties such as porosity and permeability. It can be seen 
that pressure has an effect on the amount of CO2 adsorbed in almost all geological 
materials. The exception is sandstone, where a lower pressure resulted in a higher 
adsorption capacity of the material.
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A fundamental factor leading to technology development in all branches of industry is the 
need to reduce its negative impact on natural environment. Transport is one of the most 
dynamically changing fields of economy, particularly due to the ever-changing exhaust 
emission levels. It was considered that type approval tests carried out in laboratory 
conditions (on a chassis dynamometer) are not sufficient. Complementary exhaust 
emissions testing in real traffic conditions has been introduced to amend that. Such real 
traffic conditions maybe characterized by variability of parameters while the values of 
exhaust emissions cannot be greater than those specified in the relevant regulations. 
According to the Commission Regulation (EU) 2016/646 of 20 April 2016 amending 
Regulation (EC) No. 692/2008 a new emissions norm Euro 6d-Temp has been 
established. The requirements of this norm are an extension of the Euro 6 emissions norm 
regarding road exhaust emissions of nitrogen oxides (NOx) and the particle number (PN) 
emissions for passenger cars, as well as introducing conformity factors (excess emissions) 
which have been given the value of 1.43 (from 2020). The real driving emissions (RDE) 
procedure has been introduced in the European Union by Regulation 2017/1151 of 1 July 
2017 and updated by Regulation 2017/1154 of 7 July 2017. 
  



130 5TH INTERNATIONAL CONFERENCE ENRE - ENERGY & RESPONSIBILITY.. 
 
The aim of this study was to compare and evaluate the production of exhaust emissions 
from a vehicle with diesel engine with the Euro 6 emission standard. The measurements 
data were obtained with ELM 327 OBD scanner. The scanner was connected to the car’s 
OBD port and was used to communicate with the OBD system of vehicle. Further, the 
android app was used, which communicates with the OBD system of vehicle using 
Bluetooth connectivity and records data received from a car for further evaluation and 
processing. 
 
Measurements were performed during real operation, which means that the results are 
fully usable and applicable in practice. A commercially available family car was selected. 
Two real driving tests were performed. The total distance of the test routes was 96 km 
and 261 km, respectively. The results from the individual driving test allowed the 
determination of the exhaust emissions. Emissions of CO2 and NOx were monitored as a 
matter of priority.  On the first test route 4.8 liters of diesel fuel was used. Calculated fuel 
consumption was 5.02 l/100 km Emission of CO2 was 12.68 kg or 132 g CO2/km. From 
sensor NOx2 data emissions of NOx were calculated 0.0296 g/km. On the second test 
route 10.34 l of fuel was spend and the average fuel consumption was 3.96 l/100 km. The 
concentrations of CO2 and NOx emissions were 105 g/km and 0.0215 g/km, respectively.  
Average CO2 and NOx emissions were in line with Euro 6 emissions standard, but further 
analysis of the data showed (figure 1) that instantaneous emissions were much higher than 
the permitted limits. 
 

 
 

Figure 1: Instantaneous emissions of NOx and CO2 for route 1 
Source: own.
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Inverter-interfaced distributed generation (IIDG) can inject a fast fault current (FFC) at 
the connection point in case of symmetrical and asymmetrical network faults [1], as 
specified by a relevant transmission system operator. Requirements for FFC provision 
have already been implemented in national network codes, e.g. the Slovenian 
requirements [2] are similar to the German ones [3]. Static requirements for FFC 
activation are given by the FFC-voltage droop characteristics, separately for the positive- 
and negative-sequence components. The parameters of the FFC-voltage characteristics 
proposed in [2] are ±20% for the voltage dead-band, a slope (droop) 2 ≤ ∆Ipu/∆Upu ≤ 6, 
whereas the maximal value should not exceed 80% of the overcurrent protection setting 
of the IIDG. However, the magnitude of line currents is limited to a typical value 1.2pu 
of an inverter capacity. Furthermore, the network code [2] prioritises a reactive FFC, while 
an active current should be readjusted continually. The dynamic requirements for FFC 
activation are given by a delay time of 20ms, a step response time of 30ms, and a settling 
time of 60ms. Further requirements are also given for a total FFC activation time and for 
FFC deactivation. Note that the discussed FFC provision in Slovenia only applies to new 
IIDGs with a rated capacity of 150kW and over [4]. New generations of generic IIDG 
models incorporate balanced FFC injection based on a voltage sag logic [5], however, 
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existing literature mainly suggests control approaches for unbalanced FFC injection during 
asymmetrical network faults. A comprehensive review is given in [6]. The authors’ 
previous research on FFC injection was limited to phasor-based IIDG models, applied to 
a typical Slovenian 20kV network with radial feeders and the Nord-East part of the 
Slovenian 110kV network, wherein only transmission network faults were 
considered [7,8]. The results show more significant FFC injection by IIDGs in a weak 
transmission network, thus emphasising a negative-sequence FFC-voltage characteristic 
during asymmetrical faults. Furthermore, the response of the IIDGs significantly affects 
distance protection operation at the receiving end of the transmission line, albeit only in 
the cases of resistive faults. Moreover, distance protection operation is additionally 
influenced by the network topology, i.e. in radial network topology, operation of the 
remote relay can be delayed due to a largely seen impedance. Operation of the overcurrent 
protection during faults at the distribution level has yet to be examined. This study 
discusses the FFC injection of the most typical types of IIDGs in Slovenia, i.e. 
photovoltaic, and battery energy storage. Instantaneous IIDG models are considered 
using different FFC injection concepts. Figures 1 and 2 show the time responses of a 
MATLAB/Simulink model of a 1MWp photovoltaic power plant during a symmetrical 
and asymmetrical network fault. A reactive FFC of 1.2pu was injected in both cases while 
keeping the nominal active current. Furthermore, line currents were limited to 1.2pu. 
Symmetrical responses are obtained during the symmetrical network fault, while responses 
during the asymmetrical network fault are asymmetrical. The settling time of line currents 
(magnitudes and angles) is within the required 60ms. The active reduction in power as well 
as the increase in reactive power are more significant during the asymmetrical network 
fault.  
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Figure 1: Time responses of a 1MWp photovoltaic power plant model with an FFC injection during a 
symmetrical network fault at 0.2 sec 

Source: own. 
 

 
 

Figure 2: Time responses of a 1MWp photovoltaic power plant model with an FFC injection during an 
asymmetrical network fault at 0.2 sec 

Source: own. 
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Three-phase loads connected to the grid are designed for permanent operation when they 
are supplied with symmetrical three-phase voltages with rated parameters. Unfortunately, 
the supply voltage can become unbalanced due to faults and other causes of unexpected 
grid operation. The commonly accepted tools for the treatment of grid operation under 
an unbalanced voltage supply are the sequence components (zero – homopolar (0), 
positive (1), and negative (2)) that can be used only for quasi-steady-state operation. The 
objects of observation and analytical treatment using an analytical approach based on 
sequence components are often induction machines and their derating due to unbalanced 
supply voltages [1-2]. The level of voltage unbalance is usually given by the ratios among 
the positive 𝐻𝐻1, the negative 𝐻𝐻2, and the zero 𝐻𝐻0 sequence phasor RMS values [3] (1.1).    
 

 𝐻𝐻𝑉𝑉𝐹𝐹 =  𝑉𝑉2
𝑉𝑉1

,            𝑍𝑍𝑆𝑆𝐻𝐻𝑉𝑉𝐹𝐹 =  𝑉𝑉0
𝑉𝑉1

              (1.1) 
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In this study, Dommel’s method [4] is applied to evaluate the impact of unbalanced supply 
voltages, with different VUF and ZSVUF values, on the currents of three-phase balance 
Y and D connected loads considering subtransient, transient and quasi-steady-state region 
of operation. The sum of squared instantaneous current values is normalised in each 
observation region to evaluate to what extent the unbalanced supply voltages influence 
the heat release in the form of Joule losses. 
 
Figure 1 shows the applied Dommel’s method-based circuit models for transient 
calculation of the current time behaviour of Y and D connected loads supplied with 
unbalanced voltages. Figure 2 shows the time behaviours of the three-phase currents of Y 
and D connected loads for VUF=10% and ZSVUF=10%.  
 

  
 

Figure 1: Dommel’s model for Y and D connected 3 phase loads 
Source: own. 

 

 
 

Figure 2: Calculated current time-behaviours of Y connected loads for VUF=10% and ZSVUF=10% 
Source: own. 
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There is a growing awareness in society that energy and natural resources are limited. The 
efficient management of energy-generating products and natural sources decreases the 
consumption thereof and consequently lowers the environmental impacts. With a view to 
pursuing sustainable development, EU member states have adopted guidelines, the 
implementation of which will contribute to a decrease in electricity consumption and 
emissions and an increase in the share of production from renewable sources.  
 
In order to be able to honour the commitments made, distribution networks must be 
upgraded with new technologies and interconnected in terms of communications. A 
system which is connected in this way has become known as a ’smart grid’. These 
advanced technologies also consist of, among others, advanced metering systems. Due to 
rapid technological development, particularly of the communication components of 
metering devices, the introduction of smart grids entails huge investment costs.  
  



140 5TH INTERNATIONAL CONFERENCE ENRE - ENERGY & RESPONSIBILITY.. 
 
It is on this basis that a question arises as to whether the latest generation of meters 
(known as 3G PLC), the communication component of which is based on the OFDM 
modulation, will meet the throughput requirements which – apart from meter reading 
services performed for the purposes of billing – are dictated by new services (e.g. demand-
response, dynamic tariffing…) as well as by services to emerge in the future. It could be 
said that when selecting optimal communication solutions in terms of technology and 
price, operators are facing the following challenges related to the mass introduction of 
smart grids:  
 

− the use of traditional (PLC) communications within a network that was not initially 
designed for data transfer  

− the use of public networks based on the IP protocol which, including their security 
mechanisms, have also become a universal platform for transferring sensitive 
information in the energy industry; such platforms have become known as the 
Internet of Things (IoT) 

 
To make the decision easier, the paper depicts the practical limitations and issues 
encountered within traditional (PLC) networks with an emphasis on the OFDM 
modulation, making the IoT solution more adequate, especially in the long run, in 
particular if the introduction is planned with the view to achieving maximum synergy 
effects on related networks and the investments are also rationalised. The paper also 
describes some practical experience with an IoT solution that is used within the Sincro. 
Grid project as well as some relevant services which are made possible by near-real-time 
data. 
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The paper is in the form of a doctoral dissertation that deals with the photovoltaic 
potential of the selected area [1,2]. The method used divides the photovoltaic potential 
into four categories: physical, geographical, technical and economic. The photovoltaic 
potential is considered holistically, both from a technical and economic point of view. 
Individual potentials were determined on the basis of a 20-year average of measurements 
of the density of global and diffuse solar radiation on a horizontal surface near the study 
area. The economic potential was determined by taking into account the hourly electricity 
prices for a period of seven years. The impact of surface orientation and inclination on 
the photovoltaic potential for each potential category is shown. Based on the results of 
calculations of the maximum value of potentials when changing the surface configuration, 
the optimal configuration of the photovoltaic system for each individual potential was 
determined. In addition to this method, the differential evolution optimisation method is 
described, which determines the optimal configuration in an innovative and quicker way. 
For each individual potential, the digital surface model generated from the LiDAR data 
shows which areas have the greatest potential. The emphasis is on roofs. From the areas 
that would be potentially suitable for the installation of a photovoltaic system, the 
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individual potential for each month of the year, for the whole year and the annual average 
is calculated. The shading of the surroundings is also taken into account. It has been 
established that the price of electricity has a great influence on the economic potential of 
the photovoltaic system, as shown in Figure 1.  
 

 
 

Figure 1: Comparison of PP, GP, TP and EP of the considered area 
Source: own. 

 
The results show that it will be necessary to pay more attention to economic potential than 
technical potential when installing photovoltaic systems in the near future and that annual 
produced electricity will no longer play the primary role but rather cash flows (income). 
This also results in a change in optimal configuration parameters compared to the method 
that only takes into account maximum electricity production or technical potential, which 
can have a strategic impact on decision-making policies to introduce PV systems in both 
urban and rural environments.  
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The HSE Group strives to take advantage of the synergies of a wide range of its 
production facilities with the aim of maximizing business efficiency. The operational and 
cost properties of individual production units differ from each other, so it is possible to 
achieve technically and/or economically more efficient production with an adequate 
combination of production schedules. Given the increasing intensity and complexity of 
production management, it is important to support the processes of planning electricity 
production and provision of ancillary services with an adequate system for optimisation 
of electricity generation and provision of ancillary services.  
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In order to materialize beforementioned aims, HSE started a project named “Introduction 
of a comprehensive optimisation system for electrical generation and ancillary services” in 
December 2021 by starting the implementation process of “joint Resource Optimization 
and Scheduler – jROS” solution from SIEMENS. Implementation will cover modelling 
of all controllable production units of HSE’s subsidiaries – Dravske elektrarne Maribor 
d.o.o. (DEM), Soške elektrarne Nova Gorica d.o.o. (SENG) and Termoelektrarna Šoštanj 
d.o.o. (TEŠ). In this paper some experiences related to modelling DEM/Hydro Power 
Plants on Drava River will be presented by focusing to specifics of Hydro Power Plant 
Zlatoličje.   
 
jROS 
 
jROS [1] is the component of Spectrum Power™ for the portfolio management of 
generation resources. It is integrating many applications and thus covering many aspects 
of optimizing power plants and contracts with seamless data flow between generation 
planning and energy trading. By using one versatile platform the administration efforts are 
expected to be minimized so users such as planners, dispatchers and traders may 
concentrate on their core business and thus making faster and most optimal decisions.  
 
Implementation challenges 
 
The biggest consideration in achieving the optimal scheduling is to obtain models of the 
hydropower plants (HPPs) that would adequately mathematically describe the dynamic 
behaviour of operating variables (i.e. water levels, heads, discharges etc.), at the same time 
the models should be simple enough to decrease the overall calculation time of the selected 
optimization procedure [2] – [4]. In this paper, the hydrological model is based on the 
complex topological structure consisting of the reservoirs, hydro generating units, 
channels and spillways. These components are determined by the water continuity 
equation, the reservoir and channel characteristics, the hydro generating unit 
characteristics and the hydrological constraints. Such modelling approach is a part of the 
Siemens HTC (Hydrothermal Coordination) tool consisting of the joint Resource 
Optimization and Scheduling (jROS) package.  
 
The generated schedules are obtained by Mixed Integer Linear Programming (MILP) [5], 
[6]. This optimization technique has the following advantages when solving the hydro 
scheduling problem [6]: the nonlinearities can be efficiently incorporated by using the 
piecewise linear approximation [7] and the discrete nature of the problem can be 
introduced by adding integer variables or constraints.   
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The presented paper is focusing on the section of the Drava River between the HPP 
Mariborski otok and HPP Zlatoličje, with the Melje dam placed in-between, as shown in 
the Fig. 1.  
 

 
 

Figure 1: The section of the Drava River showing the Melje dam and HPPs Mariborski otok and 
Zlatoličje. 

Source: own. 

 
In this configuration, special attention is given to the following main points: 
 
− The water accumulation capacity of both the HPP Mariborski otok reservoir and 

channel in front of the HPP Zlatoličje is relatively small in terms of the longest possible 
production time of the HPP Zlatoličje (i.e. approx. 30 minutes) that can be achieved 
without any flows released through the upstream HPP Mariborski otok. 

− Water delay time from the upstream HPP Mariborski otok to the Melje dam, and from 
the Melje dam to the downstream HPP Zlatoličje is approx. 15 and 45 minutes, 
respectively. 

− The water level at Melje dam can vary only in a very narrow range (+30, -20) due to 
the regulatory restrictions – see the marked red area in Fig. 1.   
 

The paper describes the project group modelling activities and it gives a detailed overview 
of the proposed modelling solution based on the curve characteristics and the MILP 
technique.  
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The paper provides an analysis of the energy self-sufficiency of the research facility at the 
Institute of Energy Technology, Faculty of Energy Technology, University of Maribor. 
The research facility is powered by a hybrid photovoltaic/thermal (PV/T) system on its 
rooftop in combination with a battery storage system. The main goal of this paper is to 
evaluate the energy self-sufficiency of the facility and find more consistent approaches and 
solutions to improving energy self-sufficiency using measurement data. 
 
Micro-grids have developed and expanded rapidly in the past decade, leading to positive 
impacts on the electricity grid and environment [1-3].  Building self-sufficiency has long 
been seen as comprehensive energy production and consumption, although such an 
approach can cause several problems. The main problems are observing energy flow in 
real-time and finding that self-sufficiency is no longer provided. Therefore, different 
energy storage systems have been introduced to achieve the energy self-sufficiency of the 
research facility. In this case, energy self-sufficiency will be ensured by using a PV/T 
system combined with a cobalt-free lithium phosphate (LFP) battery storage system. The 
PV/T system positioned on the roof of the facility includes 10 PV/T modules with a total 
installed power of 3,300Wp. The battery storage system and several temperature sensors 
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are housed in the building. Figure 1 illustrates a power flow analysis of the research facility 
for June and December.  
 

  
a) b) 

 
Figure 1: Power flow analysis of the research facility for a) June and b) December  

Source: own. 
 
As in any household building, the consumption and production of electricity in the 
research facility primarily depend on weather conditions (solar radiation, ambient 
temperature), as shown in Figure 1. Therefore, self-sufficiency and self-consumption rates 
are 79% and 84% for June and 19% and 99% for December. It is evident that the highest 
PV production and self-sufficiency ratio is in June, as shown in Figure 1a (low part of the 
external power supply), whereas the highest self-consumption ratio (99%) is in December, 
when almost no electricity flows back into the electricity grid due to low PV production. 
 
The main purpose of this paper is to provide a thorough analysis of self-sufficiency and 
self-consumption rates for an existing research facility equipped with a PV/T system and 
a battery storage system. Additional analysis and findings are presented in the full paper. 
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The paper provides a comprehensive view of future trends in photovoltaics, especially 
innovative hybrid photovoltaic/thermal systems (PV/T). The findings and results are 
based on a pilot hybrid PV/T system installed at the Institute of Energy Technology, 
Faculty of Energy Technology, University of Maribor. The main goal of this paper is to 
describe the advantages of a hybrid PV/T system compared to a commercial photovoltaic 
(PV) system as well as its potential for mass integration for self-sufficiency in households 
or multi-purpose facilities and industry. There are a lot of alternative technologies for 
obtaining energy from renewable energy sources, which, unfortunately, are not applicable 
or have not yet appeared on the market. Photovoltaic systems are the most promising 
technology for electricity production and are breaking all records in terms of the installed 
capacity of production units. However, the disadvantage of PV systems is the low 
efficiency of energy conversion and the reduction in lifespan due to temperature exposure. 
Engineers have therefore developed a new, innovative hybrid PV/T system with a higher 
energy yield due to the cooling of the system. Due to the high prices of electricity and 
other energy sources, self-sufficiency solutions based on PV systems and heat pumps 
represent the most common solutions in Slovenia [1]. The main advantages of PV/T 
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systems over commercial PV systems are the higher energy yield and the production of 
waste heat generated due to cooling. Current self-sufficiency systems use the electrical 
energy produced to cover the consumption of the heat pump. Increased production of 
electrical energy can significantly reduce the installed capacity of the PV/T system, while 
waste heat can reduce the consumption of the heat pump [2]. Both advantages are mainly 
reflected in economic terms, despite the increased investment costs of PV/T components, 
which are about 20% higher than for commercial PV systems. The pilot PV/T system 
described in this paper includes 10 PV/T modules with a total installed power of 3,300Wp, 
a thermal energy storage tank (500 litres) and a cobalt-free lithium phosphate (LFP) battery 
storage system (7.7kWh). Figure 1 illustrates the monthly values of the electrical and 
thermal energy produced by the pilot PV/T system. 
 

 
 

Figure 1: Monthly values of electrical and thermal energy production of a PV/T system (2021) 
Source: own. 

 
As illustrated in Figure 1, the PV/T system produces almost the same share of electrical 
and thermal energy in the summer months, while in all other months, thermal energy 
production is approximately 50% lower than the production of electrical energy. Based on 
the findings, it is evident that the PV/T system contributes to the commercial PV system 
in terms of higher electricity production (4,857 kWh/year) and additional heat production 
(3,231 kWh/year), which can be used to lower the consumption of the heat pump or other 
low-temperature applications. The primary purpose of this paper is to describe future 
trends in photovoltaics, especially hybrid PV/T systems, which represent an alternative to 
commercial PV systems. Additional analysis and findings will be presented in the full 
paper. 
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During the last decade, distribution network operators have faced several challenges. On 
the one hand, the operation of the distribution grid has been significantly affected by the 
increasing penetration of renewable energy sources, resulting in problems with voltage 
stability, overloading of network elements and operation planning. Moreover, the 
increasing penetration of electric vehicles is expected to significantly affect consumer 
behaviour. On the other hand, meanwhile, there is continuous pressure from the 
regulatory authorities to increase the quality of supply, reduce the number of outages and 
strengthen the resilience of the network. Modern distribution automation devices, 
including field automation and modern digital protection relays, are a key element in the 
process of improving the security of supply. However, the key element in enhancing 
network security is the cooperation of all system elements and not just the performance 
of individual devices. The process of designing an effective protection system is a very 
difficult task, especially in urban networks that often have a meshed topology.  
 
To properly design the structure and settings of the protection system, it is necessary to 
model the reactions of the individual protection devices, including the related 
measurement and switching hardware. The structure of a typical protection system is 
shown in Figure 1. 
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Figure 1: Basic structure of a typical protection system  
Source: own. 

 
The modelling of a protection system consists of a series of consequent steps. The first 
step is to determine the accuracy of the current transformer (CT) providing information 
about the fault current [1]. While the accuracy class of the CT defines the expected 
behaviour of the transformer during the fault, the real accuracy of the output signal 
provided to the protection relay is affected by several factors, including the overall loading 
of the transformer and the amplitude of the fault current. The secondary current at the 
output of the CT including the error term can be expressed as follows [2]: 
 
 𝐼𝐼𝐹𝐹𝑠𝑠 = 𝐼𝐼𝐹𝐹𝑣𝑣 ⋅ (𝑟𝑟𝐶𝐶𝑇𝑇 ± 𝜖𝜖𝑎𝑎%); 𝜖𝜖𝑎𝑎%

= 𝜖𝜖1% + �
𝐼𝐼𝐹𝐹𝑣𝑣
𝐼𝐼𝐶𝐶𝑇𝑇𝑣𝑣

− 1� ⋅
𝜖𝜖𝐴𝐴𝐴𝐴𝐹𝐹% − 𝜖𝜖1%
𝐴𝐴𝐴𝐴𝐹𝐹𝑎𝑎 − 1 , 

(1.1) 

 
Where IFp, IFs is the fault current at the primary and the secondary side of the CT 
respectively, rCT is the nominal ratio of the CT, 𝜖𝜖𝑎𝑎% is the actual ratio error, 𝐴𝐴𝐴𝐴𝐹𝐹𝑎𝑎 is the 
actual accuracy limit factor of the CT and 𝜖𝜖𝐴𝐴𝐴𝐴𝐹𝐹%,  𝜖𝜖1% is the ratio error of the CT at ALF 
and at nominal current.  
 
In the next step, the individual protective functions of the relay will calculate the value of 
the fault current with a defined accuracy, affecting the error term of the current IFs. Based 
on the value of the fault current and the start value of the protective function, a decision 
during the simulation needs to be made as to whether the protective function will start 
(𝐼𝐼𝐹𝐹𝑠𝑠 − 𝜖𝜖 > 𝐼𝐼𝑠𝑠𝑡𝑡), block (𝐼𝐼𝐹𝐹𝑠𝑠 + 𝜖𝜖 ≤ 𝐼𝐼𝑠𝑠𝑡𝑡), or if the start is uncertain. In cases where the 
protection function will start or the start is uncertain, the switching time is determined 
based on the characteristic of the protective function. In cases of an inverse time 
characteristic, the resulting tripping time and its error term are determined using the 
corresponding formula (IEC, IEEE) [3] according to the error propagation theory [4] in 
terms of the accuracy of the internal timer. In cases where there is a complex system of 
several protective functions, the final tripping/blocking signal is derived from the 
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protection function with the shortest tripping time. In the last step, the speed of binary 
outputs, opening coil activation time as well as the switching time of the circuit breaker 
needs to be taken into account.  
 
 
Acknowledgement 
 
This work has been supported by KEGA grant No.053ŽU-4/2021 named ‘Innovation of MSc. study programme 
Electric Power Engineering at FEIT UNIZA in the context of new requirements for power network automation 
and management. 
 
References 
 
[1] A. Hargrave, M.J. Thompson, B. Heilman: Beyond the knee point: A practical guide to CT saturation, 71st 

Annual Conference for Protective Relay Engineers (CPRE), 2018 
[2] P. Fonti: Current transformers, Cahier technique No.194, Schneider Electric, 2000 
[3] J.L. Blackburn, T.J. Domin: Protective Relaying, CRC Press, 2007 
[4] J.R. Taylor: An Introduction to Error Analysis, University Science Books, 1997 
  



154 5TH INTERNATIONAL CONFERENCE ENRE - ENERGY & RESPONSIBILITY.. 
 
 
 



5TH INTERNATIONAL CONFERENCE ENRE - ENERGY & RESPONSIBILITY  
BOOK OF EXTENDED ABSTRACTS 
S. Seme, J. Avsec, K. Sredenšek (eds.)  

 

 

 
 
 
 
 

FRAMEWORK FOR AUTOMATED GENERATION 

OF PHOTOVOLTAIC POTENTIAL REPORTS FOR 

INDIVIDUAL BUILDINGS 
 
MARKO BIZJAK, NIKO UREMOVIĆ, PRIMOŽ SUKIČ, JURČEK VOH,  
GORAZD ŠTUMBERGER, BORUT ŽALIK, NIKO LUKAČ 
University of Maribor, Faculty of Electrical Engineering and Computer Science, Maribor, Slovenia 
m.bizjak@um.si, niko.uremovic@um.si, primoz.sukic@um.si, jurcek.voh@um.si, gorazd.stumberger@um.si, borut.zalik@um.si, 
niko.lukac@um.si 

 
Keywords: photovoltaic potential, building, framework 
 
 
Investments in photovoltaic systems are one of the pillars of the 2030 EU policy 
framework for energy and climate [1]. Investors require a systematic overview of the 
assessment of photovoltaic potential in order to support decisions relating to the 
investment in photovoltaic systems. An automatic framework for generating reports to 
assess the photovoltaic potential of any building in Slovenia was developed and is 
described in this extended abstract. The framework is performed in three stages, as shown 
in Figure 1. 
 
During the data preprocessing stage, the framework automatically obtains LiDAR (Light 
Detection and Ranging) data from a public database and processes it for each location to 
take into account shade from the surroundings. The measurements of direct and diffuse 
radiation from the closest meteorological stations of each location are used to calculate 
solar radiation [2], which is performed during the second stage, where the simulation is 
performed. During the final stage, reports are generated.  
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Figure 1: Workflow of the framework. 
Source: own. 

 
In order to assess photovoltaic potential, the characteristics of three solar panels provided 
by an investor are considered. In addition to the dimensions of the solar panels, the non-
linear characteristics that affect efficiency in relation to the received irradiance are 
considered in hourly time steps. The reports include general information of each property, 
the mapped influences of each considered assessment factor (aspect, inclination, shade, 
…), and the solar and photovoltaic potential [3]. The electricity production is provided on 
a monthly level for each type of panel, as shown in Figure 1. The photovoltaic potential 
is first given for a case when the whole roof would be used for the installation of solar 
panels as a measure for total capacity. The maximum capacity was given as the rated power 
and estimated using the number of possible installations of solar panels in relation to the 
dimensions of each panel.  
 
An additional case for improved return of investment is provided by excluding the highly 
shaded roof areas, as shown in Figure 2. The mapped solar irradiation that is shown as an 
example in Figure 2 provides a detailed insight into the suitability for solar panel 
installation of each square metre of the roof of the selected building. 
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Figure 2: The received solar radiation of the selected building for a case excluding the highly shaded 
roof. 

Source: own. 
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Explosion-proof induction motors are designed to operate in hazardous areas which 
contain gases, vapours or dust that can form a flammable mixture if mixed with air. The 
enclosure of an explosion-proof induction motor is designed to withstand an explosion 
of a specified gas that may occur within the motor enclosure. However, the motor is also 
constructed to prevent an explosion of a specified gas or vapour. The maximum surface 
temperature of the equipment must be lower than the ignition temperature of the potential 
gas or dust mixture. IEC temperature classes are defined in Table 1. [1-4] 
 
Table 1: Maximum surface temperatures for IEC temperature classes 
 

IEC Temperature class (T-code) T1 T2 T3 T4 T5 T6 
Maximum surface temperature 450°C 300°C 200°C 135°C 100°C 80°C 

 
In order to validate the T6 surface temperature class for the considered explosion-proof 
induction, motor load and overload tests were carried out. [3], [4] The results of both 
measurements can be seen in Figure 1.  
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Figure 1: Logged measurements of air and motor surface temperatures of overload test 
Source: own. 

 
According to the test results of surface temperatures seen in Figure 1, the considered 
explosion-proof induction motor can be classified into the T6 IEC temperature class. In 
addition, the correct working of the PTC thermistor was confirmed during the overload 
test. 
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The European Union’s goal is to be climate neutral by 2050. To achieve the goal, it is 
necessary to increase the amount of renewable energy sources in the distribution network.  
 
The aim of this paper is to develop an optimal location for a PV system in a distribution 
network. As the number of PV systems keeps increasing, their effects on the distribution 
network are becoming more serious. To integrate a high number of PV systems in the 
distribution network, a load flow analysis should be carried out. To keep voltage profiles 
within limits, network reconfiguration, active elements and reactive power compensation 
are used. The proposed procedure for integrating the accommodation of a PV system and 
reducing distribution network losses is performed through a case of a real medium-voltage 
model, as  shown in Figure 1. The network considered within the following case study is 
part of a network operated by Elektro Celje. The considered network operates exclusively 
radially. To demonstrate the synergistic effects achieved by simultaneous consideration of 
allocation of the PV system, a series of simulation scenarios are performed. In this paper, 
the authors analyse the test distribution network and show the current situation and the 
problems arising from excessive integration of renewable energy sources. Thereafter, 
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using the differential evolution algorithm, they determine the optimal size and position of 
the dispersed energy sources to meet the criterion of appropriate network conditions. 
 

 
 

Figure 1: Graphic presentation of a distribution network 
Source: own. 

 
The evolution of a distribution network from a passive to an active part of a system offers 
vast space for research and different approaches to network operating. The proposed 
procedure will provide a reduction in annual losses.
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This article deals with the issue of providing appropriate voltage profiles and preventing 
congestion of network elements in distribution networks. Active network elements and 
network users’ energy flexibility services are used to provide an appropriate voltage profile 
and prevent congestion in distribution networks. Active network elements include an 
OLTC (On-load tap changer), reactive power compensation devices, electricity storage 
devices, distributed energy sources and network users’ energy flexibility services, where 
the active consumer adjusts the consumption, production and storage of electricity. Based 
on the BFS (Backward Forward Sweep) load flow computation method, case studies are 
performed for the discussed distribution network, where the measurement results were 
available. The distribution network is a LV (low voltage) radial distribution network with 
three branches and 39 nodes, as shown in Figure 1. 
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Figure 1: Radial structure of the network 
Source: own. 

 
The case studies for preventing overload of the distribution transformer are performed 
with a battery storage system and network users’ energy flexibility services. The case 
studies for providing appropriate voltage profiles are performed with all listed active 
elements and a combination of different active elements. In addition, the providing of 
appropriate voltage profiles is performed by replacing the existing conductors with those 
of a larger cross-section. This article describes technically acceptable solutions that can 
provide an appropriate voltage profile and prevent the overloading of network elements 
in the most demanding operating conditions. 
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Climate change due to carbon emissions is a truly global issue that needs strict action to 
reduce its threatening impacts. Shifting to renewable energy and transitioning to low-
carbon energy is implicit for a more sustainable and cleaner environment [1]. Wind energy 
has made considerable advances in renewable energy generation due to the environmental 
impact of traditional energy sources. In many nations, a significant penetration of grid-
connected wind energy has arisen as a recent trend. However, difficulties with power 
generation loss owing to grid faults have also occurred. The importance of low-voltage 
ride-through (LVRT) in wind energy conversion systems has been highlighted by recent 
technological advancements (wind energy conversion systems (WECS)). LVRT, on the 
other hand, is a strategy for maintaining the connectivity of WECS in the event of a grid 
failure. Designing controllers for rotor-side converters, grid-side converters, DC-link 
capacitors, and flexible alternating current transmission system (FACTS) devices are the 
most challenging element of LVRT. Numerous controller techniques and FACTS devices 
are available to improve LVRT. During LVRT augmentation, controller techniques are 
more important in enhancing the MPPT and optimising the parameters. FACTS devices 
are divided into three types: series, shunt, and series-shunt connecting devices, all of which 
are critical in providing reactive power assistance to the grid under unbalanced conditions. 
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In the past decade, a lot of work has been done on induction-generator-based WECS. 
Doubly-fed induction generator-based WECS makes use of partially rated converters, thus 
reducing the cost of power electronics in the system; however, the disadvantages are fewer 
poles, lower efficiency and frequent maintenance [2]. Additionally, the wind energy market 
trend is shifting from doubly-fed induction generated (DFIG) to permanent magnet 
synchronous generator (PMSG)-based WTs. The intriguing advantages of PMSGs are 
variable speed operation, extraction of wind power during low speeds, less requirements 
for a gearbox, fewer rotor losses, less wear and tear of the rotor parts and high reliability 
[3]. The disadvantages of PMSGs include the huge diameter of the machine, the high cost 
of primary energy consumption (PEC) and permanent magnets, and PEC losses. PMSGs 
with a power electronic converter is coupled to the grid in order to achieve complete 
control over the active and reactive power. However, PMSG-based WECS with a full 
rating converter is affected by the fault in the grid, thus leading to an increase in voltage 
at the DC link capacitor [4]. Furthermore, the imbalance in the mechanical and electrical 
units of WECS damage the generator and power electronic converter by generating the 
over-currents and over-voltages in the system [5]. Particularly, finding a solution for over-
currents and over-voltages indirectly enhances the LVRT capability. The LVRT capability 
is achieved based on the grid parameters, such as voltage during the fault, voltage recovery 
and response time during overshoots, as well as turbine parameters such as rotor speed, 
rotor current and DC bus voltage [6]. A block diagram of the PMSG along with the 
controllers is shown in Figure 1. 
 

 
 

Figure 1: Block diagram of the permanent magnet synchronous generator with controllers to support 
low voltage ride through capabilities 

Source: own. 
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The mechanical power of WTs is given as : 
 

𝑃𝑃𝑘𝑘 =  1
2

 ꝭ A Cp(ƛ,β) vwind3          (1) 

 
Where Cp - power coefficient, λ - tip speed ratio, β - pitch angle, A - blade swept area and 
vwind - wind speed. In this paper, a fuzzy-based LVRT approach is proposed that takes into 
account the rotor inertial response capabilities and pitch angle control response of a WT, 
as well as the state of charge (SoC) of an energy storage system (ESS). The rotor speed is 
near to the rated speed in high wind speed situations, and there is a tiny amount of reserve 
energy in the form of rotor inertia. The ESS SoC can change over time and may have a 
limited amount of reserve energy for charging during a grid outage. The pitch angle control 
response in fuzzy-based LVRT control is provided to address this issue and gain greater 
reserve energy for LVRT. By analysing the combined response of pitch angle and rotor 
inertia controls in the wind turbine, more stable LVRT control is possible [7]. The fixed 
torque control in the rotor and fixed ramp rate control in the pitch system is used. A fuzzy-
logic controller is used to determine the fixed torque control value, which takes into 
account the reserve energies of a WT and an ESS. Commonly used energy storage systems 
to improve the capability of LVRT include battery energy storage systems (BESS), flow 
battery energy storage system (FBESS), electrical double layer capacitors (EDLC), 
flywheel energy storage systems (FESS) and superconducting magnetic energy storage 
(SMES) [8]. Simulations utilising the MATLAB/Simulink SimPowerSystems toolbox will 
be used to validate the effectiveness of the suggested strategy. 
 
Table 1: Comparison of energy storage systems used to improve the capability of LVRT capability of 
PMSG-based WECS  
 

Energy 
Storage 
System 

Discharge 
Power 
Range 

Daily Discharge 
(%)  

Discharge 
Efficiency  

Stored Energy 
Range 

Life Cycle 
(Years) 

FESS 0.1-2MW 100 0.93 0.1-60MJ > 10 
SMES 0.1-2MW 10-15 0.95 0.1-60MJ > 20 
BESS 0.05-50MW 0-5 0.98 0.005-50MWh ≤ 20 

FBESS 0.1-5MW 0-3 0.98 0.005-120MWh ≤ 20 
EDLC 0-0.3MW  5-20 0.80 0.01-120MWh ≤ 10 
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The electric power need of future truck fleets provides several challenges and 
opportunities for the electricity supply sector in terms of charging and temporal storage, 
the possibility of grid balancing and many more aspects. In the first part of this paper, the 
authors describe the field of vehicle-grid cooperation, as the introduction and penetration 
of electric battery and hydrogen fuel cell-driven road freight vehicles require a new 
approach from the side of charging and fuelling infrastructure. As long as autonomous 
trucks are not widespread enough, it is not only the distance that can be covered with the 
battery capacity that matters, but also the hours of service and other safety and shipping 
constraints. 
 
In the case of electric battery charging, a lot depends on the appropriate grid conditions 
at parking areas and fuel stations. The renewal and development of the electric grid is 
essential for these special needs, while the competition between the concurrent 
technologies is still open. The electric grid was initially established for lighting needs, 
however, today the main consumers are stationary rotating machines (pumps, fans, 
compressors, etc.), and electric- or hydrogen-driven vehicles will apply for their share in 
the foreseeable future. Therefore, it is necessary to provide sustainable, secure and reliable 
electricity supply during the transition to zero-emission road freight systems. 
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In this paper the authors introduce a conceptual framework for further analysis, covering 
data management as well as grid and energy management issues and the available charging 
time distribution based on observing the truck flow at some Hungarian rest areas along 
the main transport corridors. 
 
Although there are possibilities for extending driving hours or limited rest periods for 
drivers of self-driven vehicles in the near future, this scenario can highlight the critical 
factors of infrastructure development that stakeholders and decision makers should 
consider when investing in a typically long-life infrastructure such as the electric grid.
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Abstract The tendency to improve energy devices, the impact of 
environmental factors and the development of new technologies for 
the exploitation of sustainable resources contribute to the fact that we 
have witnessed intensive energy development in the last decade. The 
two most important Slovenian energy pools, located in Velenje and 
Krško, are at the turning point of renovation, and are facing major 
challenges in the design and planning of modern energy devices. The 
current generation faces a great ethical responsibility to leave their 
descendants a world with as little human impact on the environment 
as possible. Therefore, communication between experts and 
researchers, discussion and exchange of different views for the future 
is of the utmost importance, which is exactly the purpose of the EnRe 
Conference. 

 
 






