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I ntroducti on

We present a monograph containing selected articles for the papers presented at
the International Multidisciplinary Scientific Conference MMKN'ZBhe conference
was held on 230May 2038 in Eco Active Resort Pieninjlotd in Czorsztyn Poland.

The articles submitted to the conference were evaluated througiubbareview
and acceptance by the Scientific Council of the conference. Out of the works submitted,
twentywere chosenral included in this monograph.

As contemporary technology is orientated towards improvement, innovation and
environmental protection, a decision was made to compile publications delivered at the
conference and prepare the monograph which comprises gtestaémntific achievements
in the major fields of technology important to the human kind. Dynamic development
In recent years has certainly changed an outlook on the present world. The issues presented
in this monograph fit in the research trend orientadecards both improvements and
a fresh look at contemporary technologies.

The monograph is divided into three thematic sections. In the first section, titled
AANnt hr op o g eimasearctpdodctions and aew technologies in environmental
engineerinend energyo, published are the art.i
related to environmental protection and power engineering. The editors trust that reading
that section will add to the improvement and promotion of environmental awareness in
contemprary world.

The second secti on, titled Alntelligen
of reliability and safety of systems of n
on topics related to motor and rail transport. Works in whichutiess present the latest
logistic tools are also included. The guarantee of reliability and safety of transport systems
and logistics has always been a priority, and has become even more important in view
of noticeable technical progress.

Thethirdsectn, ti tl ed fANew chall enges, tech]
i n production engi neer ilaptGcieatficapditechmaogicab r t 1
achievements in production engineering, which inevitably strives after process perfection
arepresented.

The editors of the monograph hope that the conclusions of various research issues
will enable the readers to become more familiar with the ideas relevant to them, and will
be a source of knowledge and inspiration in acquiring competencesancrese

The Conference Organisation and Scientific Committee would like to thank heartily
all the Authors for the preparation of their articles, and recognise the reviewers for their
effort in the drafting their opinions.
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Analysis of the development of-20&riewabl

EmiliaBastd,Nat al i a 22wp b fLEMom&Ga Wilewi - r ska

(tUnivers ty of Appl i ed SFaciltgofEngrseeringrScieNaZanyenhsa1A23-3 00 Nowy SNcz
Poland

2SNdeckie Wodoci Ngi 8p0 NowPhawasdNcw. Pola 22, 33

* e-mail: emiliabasta080@gmail.com)

Abstract: Renewable energy sources apav an alternative because of rising energy prices in
Poland. At the same time, they have become one of the main topics of discussion around the world
over the course of 2012021. In Poland, they are becoming an alternative to fossil fuels and
RES polices are being implemented more and more efficiently both at the national economy,
industry and household level. The analysis of the development of renewable energy sources in
Poland has shown that they still account for a small but increasing share atidhalreconomy,

with wind power being one of the most popular, environmentally friendly ways of generating
electricity. In conducting the research, a method involving document research was used, from which
it was deduced that in Poland, coal was amongnibst popular sources of energy generation.
Considering renewable energy sources, the production of energy using wind turbines, solar panels,
photovoltaics, biomass has increased over the years thanks to investments in our country. Renewable
energy sourceare an alternative to fossil fuels, but the country's investment in this direction is needed
to increase the number of RES installations in the country. This would reducen@€3ions

into the atmosphere in an environmentally friendly way and reducingxénergy prices.

Key words: Renewable energy sources, climate and environment, green energy, energy transition.

1. Introduction

According to Directive 2009/28/EC, we can define renewable energy sources (RES)
as energy from nofossil sources, i.e. energgom wind, solar radiation, geothermal
sources, but also biogas from landfills, sewage sludge. When addressing the issue of
analysing the development of renewable energy sources in Poland, one can look at the
question of what part of today's economy thegyresent. The impact from the use of RES
can be considered on three levels: continued sustainability, protection of the environment
and natural resources, and the timeless, inexhaustible nature of the raw material used,
sourced at minimal operatingcogt$so § Nbes ka, 2010). At the be
coal was the main source of energy and surpassed the contribution of other raw materials
such as biomass, in the energy generation process. In the 20th century, international law
has undergone a sigicant metamorphosis, generating many regulations that speak to
the sustainable development of the Earth (Burebarti ubi EBska, RzeE&ca, D
thus creating many problems whose solution is only possible through the consensus of
the internationatommunity and solidarity and their care in obtaining RES. This includes
the protection of human rights, the enjoyment of common goods or the emergence of
threats to human health and the natural environment (Bukowski, 2009). The current state
of the economyallows renewables to contribute to the overall energy production, but
they do not replace fossil fuels but only increase the overall amount of energy produced.
It is now often assumed that renewables will account for an increasing share of the
world's enegy supply, but it is misleading to identify an upward trend and the share of
renewable energy as a source of energy acquisition which may consequently inhibit the
implementation of RES policies that are primarily aimed at reducing fasdil

- 8-
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consumptior(York, Bell, 2019). In Poland, the introduction of renewable energy sources
in recent years has been associated with the inconsistent application of government
policy towards the development of green energy solutions. One example is the document
on Poland Energy Policy, according to which a coherent and comprehensive concept
for the development of Poland's energy sector, including renewable energy sources, should
be in place by 2030, but the document has not been updated since 2009. Despite the obligation
of the Minister of Energy (formerly the Minister of Economy) to submit, every,year
information on théamplementation of the Polish Energy Policy until 2030, the last information
adopted by the Council of Ministers concerned the year 2012. Regulatatilityaad
uncertainty, as well as complex rules requiring interpretation, have not served to increase
investor confidence translating into investment growth in the sector (Koebrich, Bowen,
Forrester, Tian, 2019). This is worrying in terms of alternativergy generation,

the traditionalways of which have so far contributed, along with other factors, to the
generation of still high concentrationsRi¥1 10 and PM 2.5 particulate matter in Poland
(Bajor, 2017). The variety of possibilities for obtainingrgyan an environmentally safe
manner should determine more and more extensive and bolder actions in introducing
these technologies to the Polish market. In 205trend in the development of renewable
energy sources was upward. More than 71% of eneagye from water gravity, and
projectionsfor 2020 showed that the share of renewable energy in the overall energy
mix would exceed 20% (Paska, Pawlak, Surma, 20i®rder to be able to use renewable
energy, it is important to bear in mind first and foost that the ways in which it can

be used ardetermined by a number of factors, the most important of which are technical
economic, market and implementation aspects. Furthermore, it has to be taken into
account that each country has a certain speRES potential, which cannot generally

be compared by similar latitude, accessibility to the sea, ocean, number of watercourses
or the share of agricultural crops and forests to the total area, and in addition, ways of
estimating biomass resources solelyttmbasis of statistical data or other factors specific

to a particular RES source (e.g. wind conditions on the basis of data from meteorological
stations) carry the risk of error at local level (municipalities, districts). Errors of this type
can lead,n extreme cases, to potential investors abandoning their investments, as they
become generally available in the Low Carbon Economy Programmealisd PGNS)
adopted for implementation by local authorities and may underestimate thatedtim
benefit potetial (Mirowski, 2017).

2. Research problem and method

The article uses material showing the contribution of renewable energy carriers
to the development of the environment, climate and, above all, green energy in Poland
An important aspect is Poland's memdbegp of the European Union, which imposes an
obligation to increase the use of RES in the energy mix to at least 32% by 2030 (Nowakowska
Krystman, So®BertkiEskBurepmeed). Additional
state are the decarbonisation of the energy sector, where the key and primary objective
Is the transformation of the electricity generation sector, so far using 45%Ead
2022, 2022). The ability to both sustained economic activity and maintain a stable and
nonrimpoverished environment are considered elementary societal needs (Blaszczuk,
Sawicki, Michalski, Prandecki, 2015).



ENVIRONMENTAL PROTECTION TRANSPORT AND LOGISTICS PRODUCTION ENGINEERING

The performance of the analysis overpleeod 20172021, was carried out using
the method of examining documents in the form of reports and statistical data published
by the Central Statistical Office. The statistics presentgdre analysed in detail in the
topic of the development of renevwalenergy sources in Poland between 2017 and 2021.
Subsequently, the contribution of each issue was summarised, in the form of a tabular
entry, calculations, and also in comparative graphs in the available Microsoft Excel
programme. Between 2017 and 20&1e use of renewable energy sources in energy
production increasesignificantly from 14.38% to 21.12% (Berekito wa | s k a ,
Kacprowska, Moskal, Kapica, 2022), which is effectively illustrated by a juxtaposition
with the analysis of the performance of individual shares of renewable energy in its
development. Table details the share of individual renewable energy carriers in the
generation of energy from renewable sources in Poland between 2017 and 2021.

Jur ¢

Tablel
The share of individual renewable energy carriers in the generation of energyénewable
sources in Poland between 2017 and 2021

: 2017 2018 2019 2020 2021
Energy carrier type
%

Solid biofuels 66.76 76.13 73.41 71.61 69.35
Solar energy 0.74 0.69 1.08 1.99 3.31
Water energy 2.38 1.40 1.37 1.46 1.57
Wind energy 13.89 9.11 10.59 10.85 10.90
Biogas 3.04 2.39 2.43 2.58 2.49
Liquid biofuels 9.94 7.50 7.99 7.79 8.1
Geothermal energy 0.24 0.20 0.20 0.20 0.22
Municipal waste 1.00 0.81 0.83 1.15 1.16
Heat pumps 1.99 1.77 2.08 2.38 2.89

Sourcehttps://stat.gov.pl{access: 18.03.2023

Analysing the above overview, it can easily be concluded that solid biasels
a renewable energy carrier have a dominant position in energy generation and use. This
shows conformity with the assumptions maddieathat in the transport sector the
contribution of advanced biofuels and biogas as a share of final energy consumption will
be on an upward trend and is expected to be at least: 0.2% in 2022, 1% in 2025 and 3.5%
in 2030 (Polish Chamber of Biofuels, 212 In 2021, it was noted that the share of
biofuels is predominant, as it amounted to 69.35%. Contributing to the continued growth
in biofuel consumption is the fact that biofuels are types of renewable energy derived
from organic matter (living matter bromaterials) and, in fact, their energy content comes
from biomass, which can be found in the form of liquids (bioethanol and biodiesel), solids
(dry plant material) and gases (biogas). Additionally, biofuels such as biodiesel and
bioethanol can be us@dmotor vehicles due to their high energy value and compatibility
with fuel infrastructure (Abyaz, Najafi, Afra, 2018n 2021, it was noted that solar
energy also achieved the highest growth of 516%, heat pumps of 102%, municipal waste
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of 60.8%, and gabermal energy of 26% compared to 2017, a response to rising and
volatile energy prices, with some investors choosing to build renewable assets such as
solar, wind, hydrogen and energy storage in their own locations which reduces cost risks
(NowakowskaKrys t ma n, BBrohSrPieac kKii Eska, 2022). Tabl e
of the amount of electricity produced from RES for the different energy carriers

Table2
Electricity production from renewable energy carriers in Polafd 22021

2017 | 2018 | 2019 | 2020 | 2021

Energy source

GWh
Total 24122.1) 21,617.2| 25458.8| 28226.6| 30568.5
Water 2559.6| 19700 19584 | 2118.3| 2339.2

power plants with a generating capacity <1 M 366.6 |12,7983| 312.6 | 4324 | 328.3
power plants with aenerating capacity from 6880 | 5285 | 5382 | 5263 | 632.9

1to 10 MW

power plants with a generating capacity > 10 N 1505.1| 1,1425| 1,107.6| 1,168.6| 1,378.0
Wind 14909.0 12798.8 15106.8 15800.0 16233.5
Solid biofuels 5308.6| 5333.2| 6441.2| 6,932.8| 6,398.4
Including cofiring 1810.8| 1,461.0| 1,800.3| 1,945.4| 2,040.0
Municipal waste 80.7 85.0 | 1048 | 181.8 | 353.8
Biogas 1,096.4| 1,127.6| 1,135.0| 1,233.9| 1,307.3
biogas from landfills 199.6 | 169.6 | 178.0 | 1835 | 204.7
biogas from waste water treatment plants | 340.1 | 336.5 | 350.8 | 373.3 | 367.8
Other biogas 556.7 | 621.6 | 606.2 | 677.0 | 7349
Biofluids 24 2.0 2.0 1.9 1.7
Photovoltaic cells 1655 | 3005 | 710.7 | 1,957.9| 3934.4

Sourcehttps://stat.gov.pl{access: 18.03.2023

Over theperiod 20172021, electricity generation using photovoltaics achieved
a growth of 2,277.8%. It uses fully natural conversion processes: photovoltaic, passive or
active photothermal and photochemical conversion, during which electricity is generated
( G o @K, tHarasimowicz, 2023Rn the other hand, the use of biogas and solid biofuels
in the production of electricity has become increasingly popular, which in local energy
systems based on the use of waste biomass from forests, orphgtgsagricultureyood
industry, but also in the form of sewage sludgastitutes an element of renewable energy
sources (RES) (Ciwuga, Kowal ski, Wi ewi: -rs
in this configuration is biogas extracted from landfill sites, sewage tesafphants, but
primarily processed in combined heat and power (Gytems, thus creating the potential
for both electricity and heat generation. In addition, it is encouragintpénatis a continuing
desire to optimise and utilise heat fromrenewableur ces ( Ci uga, Gene
GronbaChyga, 2022) . Performing the necessar
of biogas increased by 19.2% and the use of solid biofuels by 20.5% comparing 2021 with
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2017. Small and large wind power plant©ashieved dynamic growth, as there was an
increase from 14 909 GWh to 16 233.5 GWh. It is assumed that in 2040, more than half
of the installed capacity will be zesmission sources, and a special role in this process
in Poland is to be played by the ilamentation of offshore wind energy into the Polish
electricity system (https://www.gov.pl). In addition, wind energy within other countries
reaches an energy potential of 1.3% and widely used especially in areas that are able to
exploit this energy sourdédzadi, NezamSarmadi, Shirvani, 201F)unicipal waste

which is the sum total of the waste produced by theatled domestic sector, commerce

and public services, and is collected by specialised sanitation facilities at landfills, is
difficult to assessas a valuable RES energy carrier, as it is aggregated through statistical
data capturing all combustible products contained in municipal waste (Norwisz, Musielak,
Boryczko, 2006). Based on data from the Central Statistical Office, they have gained
an incemental share of energy production over the last five years, as 80.7 GWh were
recorded as being used in electricity production in 2017 and 273.1 GWh more in 2021.
Table 3 shows the share of renewable energy carriers in heat production for Poland
between 207 and 2021.

Table3
Heat production from renewable energy carriers in 22021

. 2017 2018 2019 2020 2021

Energy carrier
TJ

Total 13,047.9 14,809.1/17,644.6 21,204.9 23511.4
Solid biofuels 11,691.3/ 13401.3 15,901.9 18,655.4/ 20,942.8
Municipal waste 457.0 | 476.6 | 730.7 | 1611.9| 1598.9
Biogas 890.9 @ 9225 | 1,004.2| 927.6 | 959.3
Biogas from landfills 59.5 31.4 35.5 47.7 38.6
Biogas from waste water treatment plar; 130.7 | 106.2 | 105.6 97.0 148.7
Other biogas 700.7 | 7849 | 863.2 | 7829 | 772.0
Biofluids 3.2 3.4 4.6 5.5 5.0
Heat pumps 55 5.3 3.1 4.5 5.3

Sourcehttps://stat.gov.pl{access: 18.03.2023

An overall increase in heat generation was recorded bet2@Enand 2021,
thanks to the share oénewable energy carriers. Heat production has increased over the
yearsto 23,511.4 TJ. The share of solid biofuels has steadily increased year pn year
with 11,691.3 TJ in 2017 and 2@,2.8 TJ in 2021. At the same time, the development
of energy productio using biogas and municipabste has occurred. In 2017, renewable
heat production for biogas weecorded at 890.9TJ and it will increase to 959.3 TJ in the
2021. On the other hand, the wdaenewable energy carriers in the form of bioliquids
and heapumps is still becoming popular among the population, so there is a gradual
increase.

- 12-
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Between 2017 and 2021, the share of renewable energy in gross final energy
consumption gradually increased. The rapid growth in demand for renewable energy has
seen the se of this method of energy generation in heating and cooling increase from
14.78% to 21.03% in four years. In 2021, it was also observed that the value of the share
of energy from RES in the electricity sector intensified by 4.09%, compared to 2019 Durin
the period under review, there was a systematic intensity and increase in the importance
of renewable energy in transporin 2021 it was 1.43% higher compared to 2017.

Table4
The share of renewable energy in gross final gneonsumption 2012021

2017| 2018 | 2019 | 2020 | 2021
[%]
The share of RES energy in heating and cooling 14.78/21.47/ 22.00 22.14| 21.03

The share of energy from RES in the electricity sec{ 13.08| 13.03| 14.36| 16.24| 17.17

The share of REShergy in transport 423|572 | 6.20  6.58 | 5.66
The share of energy fr_om renewable sources in gro 11.06 14.94 15.38 16.10 15.62
final energy consumption

Sourcehttps://stat.gov.pl{access: 30.03.2023

Areas of RES use

3. Results and dscussion

Dynamic industrial growth and energy demand, over the period-202%, has
resulted in an intensification of the use of renewable energy sources by the public and its
generators. The main reason for these changes is the growing problems aksattiate
the depletion of fossil fuel resources and their adwedfsets on the health and life of society
and the environment. Renewable eneayyiers in energy generation are of growing interest
to the public in Poland. In addition, the use of heatyistesns that can significantly reduce
energy consumption hasrajor impact on the decarbonisation of energy. The best effects
of energy efficiency measures for residential buildings in particular can be achieved
simultaneously by sealing the building thgbuimproved thermal insulation and installing
more efficient, more effective heating e

When analysing the results obtained for the share of individual renewable energy
carriers inthe generation of energy from renewable souncé®land in 201-2021, it
should be noted that the development of green energy is growing dynamically, having
a positive impact on the climate and the environment. Figure 1 shows in detail the changes
in the share of individual renewable energy carrietisergeneration of renewable energy
in Poland. On the other hand, Figure 2 summarises the changes in electricity production
from renewable energy carriers in Poland and Figure 3 the changes in heat production
from renewable energy carriers between 201720%1. Figure 4 shows the share of
renewable energy in gross final energy consumption from 2017 to 2021 to show th
progress of environmental protection and the essence of the use of renewaiple ene
sources. The purpose of the tabulation and comparisamsadn Microsoft Excel is to
show the continuous development of renewable energy sources over the years and
the essence of using an environmentally friendly energy conversion method that renews
itself in a short period of time

- 13-


https://stat.gov.pl/

ENVIRONMENTAL PROTECTION TRANSPORT AND LOGISTICS PRODUCTION ENGINEERING

80

70

60

50

40

=

30

20

10

0 - | II - —_ -I —m —_— II —. - II —-N B -I .

2017 2018 2019 2020 2021
B Solid bio fuels 66.76 16.13 7341 71.61 69.33
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Figure 1 The share of idividual renewable energy carriers in the generation of energy from
renewablesources in Poland in 2022021.
Source:own study based ohttps://stat.gov.pl{access: 30.03.2023
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Wind 14.909.00 12,798.30 15,106.80 15,800.00 16,233.50
¥ Solid biofuels 530860 333320 644120 6,032.80 6.398.40
u Municipal waste 20.70 83.00 104 .80 181.80 353.80
B Eiogas 1,006.40 1,127.60 1,135.00 1,233.90 130730
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Figure 2 Electricity productionfom renewable energy carriers in Poland in 20QZ1.
Sourceiown study based ohttps://stat.gov.pl(access: 30.03.2023
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When analysing the share of the various energy carriers, it should be noted that
the developmat of renewable sources in energy conversion was on the rise between
2017 and 2021, with solid biofuels being the most popular for obtaining energy. In 2017,
their share was 66.76%, in 2018 there was a sudden increase to 76.13%, consecutively in
2019 theirshare was more than 73% which was still associated with a high pergentage
relative to 202€2021. Similarly, solar energy is of dynamic interest to the public in obtaining
energythanks to this renewable energy carrier. In 2017, their share was 0.74%&, wh
it gradually increased over the following years. Only in 2018 was there a decrease in
their use to 0.69%. However, over the following years, in 2021, a significant increase in
energygeneration by 14,854 TJ, ie. 516%, was achieléslalso worth metioning heat
pumps, which in 2021 recorded their largest share of energy received until 2017.,In 2017
heatpumps contributed 1.99%, with an increase of 7,812 TJ, ie. 102%, recorded over
thefollowing years.

Figure 2 shows the evolution of electricity geation from renewable energy
carriers in Poland between 2017 and 2021

A detailed analysis of the changes in the production of electricity from renewable
energy carriers in Poland made it possible to conclude that between 2017 and 2021, their
share increasd by 6,446.456Wh, 27% more than in 2017. Electricity generation using
photovoltaics enjoyed a high share, as a growth of 2,277.8% was achieved between 2017
and 2021. Biogas also achieved its positive percentage in 2017, amounting td 1,096
GWh, 2018 savan increase to 1,127.6 GWh, 2019 saw an increase of 7.4 GWh, as did
2020 by 98.9 GWh on the previous year, while the highlight of its growth was the period
of 2021, as there was an increase in electricity production of 19.2% more than in 2017.
Municipal weste, like other renewable energy carriers, received a boost, as 80.7 GWh
were recorded as being used in electricity generation in 2017 and 273.1 GWh more in 2021
Given the emphasis on minimising waste and landfill, there is an increasing emphasis
on wasteananagement, including through recycling, prevention, but also use for energy
recovery (Cenian, Pietrzykowski, 2018). It is reasonable to obtain biogas from waste and
process it in cogeneration systengreby minimising environmental pollution while
producing energy in a lovemission way that minimises pollutants emitted into the air
and soil (Weiland, 2000).

With the help of the statistical material obtained from the website of the Central
Statistical Office, the production of heat from renewable eneagyers for the period
20172021 was collated, the results are shown in Figure 3

The share of renewable energy carriers in heat production is found to have
recorded an overall increase between 2017 and 2021 to 23,511.4 TJ. A key contributor
to heat prodction was the use of solid biofuels. In 2017, 11,691.3 TJ was recorded, in 2018
the result was 13,401.3 TJ and in 2019 15,901.9 TJ, in 2020 it was recorded, an increase
of 2,753.5 TJ compared to the previous year, while in 2021 the share of biofuels in hea
production increased to 20,942.8 TJ. At the same time, the development of energy production
using biogas and municipal waste has occurred. In 2017, renewable heat production for
biogas was recorded at 890.9TJ and it will increase to 959.3 TJ in the 2021.

Figure 4 shows the change in the share of renewable energy in gross final energy
consumption from 2017 to 2021
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25,000
20,000
£ 15000
10,000
5,000
0 || | | | |
2017 2018 2019 2020 2021
m Total 13,047.90 14,809.10 17,644.60 21,204.90 23,511.40
# Solid bio fiels 11,691.30 13,401.30 15,901.90 18,635.40 20,942.80
= Municipal waste 457.00 476.60 730.70 1,611.90 1,508.00
Biogas 800.90 922,50 1,004.20 927.60 959.30
¥ Biogas from landfills 59.50 3140 35.50 47.70 38.60
m Biogas from waste water treatment plants 130.70 106.20 105.60 97.00 148.70
M Other biogas 700.70 784.90 863.20 78290 772.00
¥ Biofluids 320 340 4.60 5.50 5.00
mHeat pumps 5.30 3.30 3.10 4.50 5.30

Figure 3 Heat production from renewable energy carriers in 2Z20Z1.
Source:own study based ohttps//stat.gov.pl{access: 30.03.2023
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m The share of RES energy in heating and cooling

m The share of energy from RES in the electricity sector

= The share of RES energy in transport

m The share of energy from renewable sources in gross final energy consumption

Figure 4 The share of renewable energy in gross final energy consumption if22@17
Source:own study based ohttps://stat.gov.pl{access: 30.03.2023
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An overall analys of the change in the share of renewable energy sources in
gross final energy consumption between 2017 and 2021 shows that their share increased
by 4.56% over the period in question, and the popularity of renewable energy sources
continues to grow and atal have a significant impact on their use in total energy generation
in the future. The share of RES energy in heating and cooling in gross national energy
consumption in the period under review was the highastnpared to transport or electricity
In 2017, the use of RES energy was recorded at 14.78%, in 2018 their presence increased
t0 21.47%. In 2019 and 2022, values of 22% and 22.14% were recorded. By contrast, in
2021, their share of RES energy in heating and cooling was 21.03%. It is crucia¢that t
reduction of air emissions, mainly from the electricity sectors, becomes one of the main
goals of caring for the environment with a simultaneous emphasis on a partial transition
away from fossil fuels to renewable energy sources, which, through Iquadatpn,

Improve a country's energy security and thus reduce the possibility of a blackout. In
addition, they can become a certain pillar in terms of protecting the country's critical
infrastructure, the purpose of which is to ensure the security dfitletioning of the
state and its citizens (Bast a, Dyr ek, Ci

4. Conclusiors
The use of renewable energy sources is becoming increasingly popular warldwide
but also in Poland. Theurrent state of the economy allows renewable energy sources
to contibute to theoverall energy production, however, they do not replace fossil fuels,
but only increase the overall amount of energy produced, in addition, inconsistent
application of state policy towards the development of green energy solutions can be
obseved in our country, which can result in misinformation and discouragement
towards RES energy production. This article analyses the development of renewable
energy sources in Poland between 2017 and 2021. Documentary reseairble into
production and use afnergy from renewable sources in Poland has produced the
following results
1 solid biofuels, as a renewable energy carrier, have the dominant position in the
acquisition and use of energy, and their quantity amounted 69.35% of alternative
fuels in 2021
1 in 2021, it was noted that the biggest increases were: solar energy by 516%,
heat pumps by 102%, municipal waste by 60.8%, geothermal energy by 26%
compared to 20%7
1 over the period 2012021, electricity generation using photovoltaics achieved
a growth of 2277.8%
1 an overall increase in heat production was recorded between 2017 and 2021,
rising to 23,511.4 TJ thanks to the share of renewable energy carriers
1 thedevelopment of energy production, and in particular heat production, took
place using biogas amdunicipal waste, it increased and amounted to 890.9TJ
in 2017 and was equal to 959.3 TJ in 2021.

A positiveoutcome of the analysis is that renewables are increasisgjgiicant
part of the energy mix with traditional fossil fuels, and the increasetronmental
awareness of the public is contributing to the upward trend in the use of RES as of 2017.
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In power generation, the increase is for the period 201 around 600 GWh, and in
district heating around 10,000 TJ. The share of RES in heatingaoiiohgin gross
national energy consumption was the highest, compared to transport or electricity, with
an average increase of around 7% over the period-202T. The use of energy from
renewable sources, fits in with plans to decarbonise the Polistpyesector as part of

the energyransition.
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Abstract: Based on the analysi$,was shown that it will be possible to locate the installation

to be removed in the SNdecki Subregion. It wa
waste will increase with a maximum mass of 105,000 Mg/year. Assumed boiler efficiency is 81%

with the amount of municipal waste of 11.9 Mg/h, it will provide an energy yield of 40,827.6 kWh

As a result, the amount of energy generated per year will amount to 357,649,774 Rigfn.

share of more than 30% in the mass of mixedtiglorific plastic wast should be considered

beneficial.

Key words: thermal treatment of waste, flue gas purification.

1. Introduction

According to the definition of the Act on waste, waste is any substance or object
which the holder disposes of, intends to dispose of or igailko dispose of. Waste is
an inseparable part of human existence. With the development of technology, as well as
the passing of years, when the numbenle&bitants on the planet grew, the production of
waste increased. Due to poor waste managemeet;dihagical situation has deteriorated.

Waste management methods should be selected in accordance with the hierarchy
of conduct, i.e. prevention is the most desirable, and as a last resort, neutralization of
waste in landfills. The most common method#/ate management include: landfilling,
recycl ing, composting and ther mal t,reat me
2018).

There are known technologies that allow thase of waste whose further recycling
is impossible due to wear and tear, #mahks to the development of waste incineration
techniques, one can look optimistically into the future, starting from storage, through
combustion processes, to energy recovery to reuse. Currently, the biggest problem is the
selection of alocationfortteonst ructi on of a waste i.nciner

Both the location and the technology of the thermal waste processing plant should
meet ecological requirements and social recognition, and also take into account the size
of the streamofmui ci pal waste generated in a give

To meet the emission standards, it is necessary to invest in filtering systems
without which the incineration plant will not be allowed to operate.

It is necessary to filter out as much pariate matter as possible and to minimize
the amount of gases produced in the combustion process (Nadziakeeaic2007).

According to the Regulation of the Minister of Climate of September 24, 2020 on
emission standards for certain types of instaltetjduel combustion sources, and waste
incineration or ceincineration equipment, it is necessary to use a rstdiye flue gas
cleaning system, which would include the following elements: dedusting, acid gas removal
nitrogen oxide removal, heavy metahreval and organic compound removal

- 20-



ENVIRONMENTAL PROTECTION TRANSPORT AND LOGISTICS PRODUCTION ENGINEERING

The aim of the work was to select the location of the municipal waste incineration
plant in the SNdecki Subregion, together
of the installation.

2. Methodology

Data for amlytical purposes were obtained from the Central Statistical Office
(www.bdl.pl). The data used was used to determine the number of inhabitants and the
amount of waste collectednsne | ecti vely and selectively
the city of Nowy Sl ¢ z , Li manowa, Gorlice and the d
and Gorlice in the years 20PD21.

Based on the collected data, a trend line was determined. The technical parameters
of the installation were also specified, along with the determinatioost$, among others
using a calculatofwww.uigmbh.dé.

3.Characteristics of the city of Nowy SNc

Nowy SNcz is a city wit h?locatedinthecentrialg ht s
part of the Nouwl) Thd\cityss located at anjalidg oFabayt 281 m
above sealevel he average temperature is 8 C, &
at emperature of 19 C, and the col et i s

Piwniczna-Zdroj

Figurel.Locat i on o faindt thevhack@adp ofzrmany
Sourcehttp://www.gminy.pl(access10.05.2023.
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4. Selection of the location of the installation for thermal waste treatment

The location of the installation for thermal waste treatment is planned in the
southern partofthei ty of Nowy SNcz. This area 1is
productionp | ants al ong with facilities between
on a plot near the manufacturer of roof windows FAKRO. The plot of approximately
17.5 ha will be suitdb for the location of the incineration plant. Thanks to such a log¢ation
it will be possible to use thermal energy not only on its own but also in the economic
environment. The nearest residential buildings are located at a distance exceeding 1 km.
Thesmt i al devel opment plan for Nowy SNcz d:
compact residential development in this areayfg@), but it provides the possibility
of locating a building or a service or production hall. This location is outsideehs ar
of natural value (geoserwis.gdos.quay.
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Figure2.Spati al development plan for the city of

location of the waste incineration plant
Source:https://mnowysacz-eapa.net (acess:10.05.2023.
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5. Analysis of the results with discussion

In the years 2012021, an upwarttend in the amount @hunicipal waste generated
was noticeable. Theamountof segregated waste in thealyzed period more than douhled
which proves the increasawareness of society in the field of recycling. This indicates
an increase in segregated waste by 29,453.93 Mg, and in total municipal waste collected
by 9,798.39 Mg. The highest amount of collected municipal waste occurred in 2021
(104,607.65 Mqg), and tHewest (91,764.41 Mg) in 2020, with an average of 97,506.472
Mg. In the case of segregation, the highest was recorded in 2021, 53,409.23 Mg, while
the lowest was in 2017, 23,955.3 Mg, with an average of 41,550.142 Mg. This indicates
thatsociety becomessponsible through social campaigns and segregaiss to be
able to reuse it through the recycling proc@dalinowskiet al, 2009).

120000 104607.65

100000 : : 764.4L e

80000

52100.54 53409.23

43626.78 JRSSRI

60000

34658 86

Values in [Mg]

40000

20000

0
2017 2018 2019 2020 2021

mmmmm Municipal waste collected in a given area [Mg]
mmmmm Selective waste collected in a given area [Mg]
--------- Trend line municipal waste collected in the area [Mg]

--------- Trend line selective waste collected in the area [Mg]

Figure 3 Amount of waste collected in the study area in 2Q021
Source:own study based on data from the Cen8#tdtistical Office
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Figure4Amount of waste generated per capita in

Source:own study based on data from the Central Statistical Qffice
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The average amount of waste generated in the analyzed area amounted to 97,506.47 Mg

and wil affect the parameters of the waste thermal treatment installation, including the
production of heat and electricitiyigures 49 show the continuing upward trend in the

generation of

i n

large s t

Val ues

Figure5Amount of waste generated by

muni ci pal waste I

n

the cities of Nowy SNcz and
accumulation indicator per capita during the years under study was in 2021 in Limanowa
and amounted to 350 lagp/year. The lowest indicator for the collection of municipal

wase per capita, 127 kg/year, occurred in the Limanowa county in 2020. They showed
hi gher values of waste accumul at
Sorted waste is collected in much smaller amounts, as evidenced by the fact that the
col
162 kgtaplyear, and the least was collected in 2017 when this value vkagchp/year.

160
140
120
100
8
6
4
2

o O O o
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2017 2018 2019 2020

= Amount of municipal waste generated by one inhabitant [kg/M/year]

2021

® Amount of selectively collected waste produced by one inhabitant[kg/M/year]

Source:own study based on data from the Central Statistical Office
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Figure & Amount of waste generated per capita in the city of Limanowa
Sourceiown study based on data from the Central Statistical Office
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Figure 7. Amount of waste generated by dnlabitant in the Limanowa county
Source:own study based on data from the Central Statistical Office
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Figure 8 Amount of waste generated per capita in the city of Gorlice
Source:own study based on data from the Central Statistical Office

An increase in selectively collected municipal waste is noticeable in the Subregion
On the other hand, in the city of Gorlice and the Gorlice county, there is a noticeable decrease
in the amount of collected municipal waste. This is most likely linked to afisignt
population decline. On the other hand, an increase in selectively collected waste is noticeable
This shows that society produces more and more waste and without proper management
in this area, the environment would deteriorate significantly e $ime (Malinowski
et al, 2009).

According to the data presented in Table 1, the largest percentage share in the
composition of municipal waste is plastic wakt80.34%, which in terms of calorific
value is a very good indicator of 30.34 MJ/kg. Pitt2614) showed the calorific value
of municipal waste of-94.5 MJ/kg. A lower share of plastic waste below 16% was shown
Alwaeli (2015).
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Figure 9 Amount of waste generated by one inhabitant in the Gorlice county
Sourceown study based on data frolmetCentral Statistical Office

The remaining amount of waste constitutes a smaller share of thevasts
although it has a high calorific value, whichngportant for the assumptions of thermal
waste treatment installations. The share of 20.56% adsglaste in municipal waste

intended for recycling is relatively high

Tablel
Morphol ogi cal composition of waste in the
Morphological composition of municipal waste Mg] (%] Heating valu
with a percentage share [MJ/kg]
Paper and cardboard 4,080.43| 9.66 15.3
Glass 8,686.47 20.56 -
Plastic 12,821.38 30.34 35.1
Metals 60.72 0.14 -
Textiles 19.68 0.06 14.7
Dangerous 5.28 0.01 31.0
Packaging 3,432.61| 8.12 16.2
Biodegradable 12,915.74 30.56 14.7
Rest 234.36 0.55 12.0

Source:own study based on data from the Central Statistical Office

6. Assumptions of the installaton for thermal waste processing
The components of the installation take into account the mass of waste generated

Gor | i

n the Magopol
ce poviat
I i vii B7918.n t he S

in three cities and poviats
the city of Nowy SNcz, the
county with the Limanowa city.

Assumed installation parameters:

1 mass of mumipal waste in 2021 104 607,7 [Mg]

f number of i nhabitants
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Table 2
Parameters of the furnace for thermal treatment of waste
Symbol Unit Value
Mp 0 "TQ 11.9
00
b - 182.3
" 03¢0
Dob; Q‘d EX{ 4.46
0 ?) 5 Q
G — 40.87
a
a
Vo — 5.86
QQ
Lo X 5.27
Q
v X 6.9
Q
U1 MW 12.1
Uz MW 14.9
' % 81.0
E kWh 40,827.6
Em kWh/person/year 623.17

Source:own study based on data from the Central Statistical Office

where:

Mp 1 hourly processing power
lo T amount of mixed waste

bmi mass index of waste accumulation
bobj T Volumetric indicator of waste accumulation

G 1 bulk density

Vo1 the volume of waste gases (exhaust gases) in stoichiometric combustion
Lo T theordical volume of combustion air

a1 excess air factor =.2

U1 boiler power
U217 hearth power

Ei energy generated in 1 hour

The energy that will be possible to obtain from burning 1 Mg of waste will amount

to 3,419.4 kWh. To maintain the continuity of the process, 11.9 Mg of wakliteen

incinerated every hour. The analysis shows that 40,827.6 kWh of electricity and heat will

begenerated per hour of operation of the installatiauring one day, 979,862.4 kWh
will be generated, which in one calendar year will amount to 357,64%Wit6

(Tabe2 ) .

Thanks

t o

t he

generated

energy,

Subregion will theoretically be able to obtain 623.17 kWh of energy per year.
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7. Waste incineration technology

The waste incineration technology consists of a waste bunker, tharh the waste
is then poured into the combustion chamber using of an overhead crane, where the waste
is thermally transformed. The next step is the production of steam in the heat recovery
boiler, which drives the turbine, which generates electricitytegrmawer lines. The next
step will be a hot water heater, where the water is heated and sent by pumps to the district
heating networkT he last stage is the flue gas purification installation, which includes
activated carbon and lime milk, as well as lari@filter that reduces dust emissicos
the atmosphere (Fige 10).

Sl Hesal Holwder

Trarsformer urbine ek pr purp =
P N -
= O (|
robvol v -
u . | network

clve
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Combizlion
. thiartber Heal Recovery
B Balr fbserber
"ILE Fabric e
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& e JAN WANIWA
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3 |
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Figure 10. Technological scheme of the plant for thermal treatment of waste
Source:own study based on data from thip://repolis.bg.pdl.pl (access10.05.2023.

Exhaust gas purification system

During the incineration of municipal waste, flue gases are generated, from which
toxic substances must be eliminated as much as possible for the purified gases and dust
to meet stringent emissicstandards.

One of the methods of neutralization of organic substances present in the volatile
phase is the reombustion of exhaust gases. This type of combustion takes place at
atemperatureof800, 200 C, but care shourhparatore t ake
of 1,400 C, because at such high temperat
from the air, nitrogen oxides are formed, causingakution of the atmosphere. Another
solutionis a biological filter, the most important element of whiglhe filter material
on which microorganisms live. As the gases pass through the filter body, they are absorbed
and then decomposed by the microorgani s ms
2017).
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For flue gas cleaning to be effective, a matage system should be used, which
will include (Figure11):
dedusting
removal of heavy metals
removal of nitrogen oxides
removal of organic compounds
removal of acid gases.

=4 =4 -4 -4 -9
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Figure 11. Scheme of flue gas treatment from a waste incineration. plant
Saurce:own study based on data from thigp://www.portczystejenergii.faccess10.05.2023.

The use of a muklstage flue gas cleaning system can eliminate up to 99% of
pollutants. The most important elent in this process are fabric filters or electrostatic
precipitators, as they reduce the emission of dust, which is a carrier of heavy metals into
the environment.
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In the planned plant, a fabric filter will be used for the thermal treatment of waste,
which, thanks to the usetbie most modern filtering elements resistant to high temperatures
can achieve a high degree of dust removal and reduce dioxin emissions into the atmosphere
To remove acid gases generated in the combustion process, a dry aemdqesd system
using calcium hydroxide CaOH2 should be used. This process involves injecting a sorbent
into the flue gas before the fabric filter. During the process, individual comparfents
acid gases are removed (Wielgosi Gski, 202

Secondary waste magement

After incineration, secondary waste is generated, which must be properly managed
depending on its chemical composition. Slag and bottom ash will be used in road construction
and buil ding el e men tFlyasfeR austviran@sektactientanda | .
gypsum must be collected in a hazardous waste landfill due to their chemical composition
Activatedcarbon used for flue gas cleaning can be incinerated with muniegsteé.
Scrap recovered during the incineration process will be sdhe tentelter for rroduction
of materials.

Assumed capital expenditures

Assuming that 104,607.7 Mg/year of waste with a calorific value of 11.9 MJ will
be recycled. The efficiency of the installation for generating electricity is estimated at
20%, and tht of heat energy at 30%. Part of the generated electricity will be used for
the installation's purposes. The thermal energy generated in the installation will be sold to
MPEC (Miejskie Przedsinbiorstwo Enlaonget yki
is capital expenditure, which amounts to PLN 579,200,000. Annually, from the sale of
heat and electricity, they will generate revenue of PLN 14,552,910eg&kBnd 4).

Table 3
Capital expenditures
Capital expenditures Value Unit
Machine 391
Electrical equipment 86.9
Construction work 57.9 min PLN
Project management 43.4
Sum 579.2
Sourcewww.uigmbh.dgaccess: 10.05.2023)
Table 4
Operating costs and revenues
Operating costs and revenues Value Unit
Costs of raw materials 600 PLN/Mg
Compensation of employees 232,000 PLN/rok
Equipment maintenance 2.52 min PLN/year
Sale of electricity 5,457,341 PLN/year
Sale of heat 9,095,569 PLN/year

Sourcewww.uigmbh.dgaccess: 10.05.2023)
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8. Conclusiors

After an analysis of the environmerntahditions, as well as the spatial development
plan of the installatiofor the thermal treatment of municipal waste, a plot was designated
with an area of 17.5 ha in Nowy SNcz in
industrial district, whichlsould help to reduce social conflicts related to the selection of
the location of the wastacineration plant. The analysis showed a slight upward trend
in the amount of municipal waste generated in the Subregion.

It was assumed that the maximum amotintaste to be neutralized in the incineration
plant will amount to approx. 105,000 Mg/year. Plastics account for the largest share in
the mass of municipal waste, 30.34%, which is important due to the calorific value of this
wastel 35.1 MJ/kg. With a bodr efficiency of 81% and the amount of incinerated waste
of 11.9 Mg/h, the equivalent amount of electricity and heat generated was 40,827.6 kWh.
The sum of energy generated per year will amount to 357,649,776 kWh.

The estimated cost of the project wasraated at PLN 579,200,000.

It is assumed that the incineration plant will be equipped with a flue gas cleaning
installation to reduce dust and gas emissions into the atmosphere. For the installation to
be efficient, it will be advisable to apply a phaseduction of harmful emissions:

1 dedusting

1 removal of heavy metgls

1 removal of nitrogen oxides

1 removal of organic compounds

1 removal of acid gases.
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Abstract: The energy characteristics of a building are the amount of energy, obtained by calculation
or measured, that is needed to mbetdnergy demand associated with the use of the building.

At present, the energy performance certificate is prepared on the basis of a meth@mology
determining energy performance using a teleinformatics system in which a central register of
energy perfomance is maintained. The scope of the study was to compare the energy performance
characteristics of a selected dwelling determined by three methods: a calculation method for the
assumed use and standard climatic conditions, a method based on th@eyalasumed and

a method based on the heat balaRee. of the calculations was made using ArCADia TERMOCAD
software, which, among other things, allows for the preparation of energy performance
certificates for buildings and parts of buildings. Anadysf the results of calculations of the
indices of final and primary energy demand obtained by the methods used shows significant
differences. The discrepancy in the results of energy performance for the analyzed object is due,
among other things, to thesumptions made, which in their current form are based orrapoeed
methodology. In particular, the results obtained from the consumption method significantly depend
not only on the structural, material and installation solutions of the building)dmuba the
individual behavior of the usetsie number of residents, the climatic conditions prevailing during

the analyzed period, as well as situations related to specific conditions of use. The indicators achieved
by this method are therefore not fullipjective. The consumption method, despite its ability to
quickly produce an energy performance certificate, is heavily dependent on the individual behavior
of the occupants, so it should be used to a very limited extent

Key words: energy performance dércate, primary energy, final energy

1. Introduction

An energy performance certificate is a document that specifies the amount of energy
demand necessary to meet the energy needs associated with the use of a building or part
of a building, i.e. energy fdheating and ventilation, hot water preparation, cooling, and
in the case afionresidential buildings, also lighting. The obligation to have an energy
performance certificate for a building or part of a building in certain situations stems from
Europeanaw (Directive, 2010). The purpose of the introduction of mandatory certification
is to promote energgfficient construction and increase public awareness of the potential
for energy savings in buildings. Thanks to the information contained in thecagetifine
owner, tenant or user obailding can determine the approximate annual energy demand
and thus the maintenance cost associated with energy consumption. The rules for preparing
and submitting energy performance certificates for buildings afersiein the Law of
August 29, 2014 on the Energy Performance of Buildings (Law, 2014).
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An energy performance certificate is valid for 10 years from the date of its preparation
Certificates submitted before the effective date of the law (April 28, 20@3emain
valid for the period for which they were drawn up. The certificate will lose its validity
before the expiration of this period if construction and installation works are carried out,
as a result of which the energy performance of the buildipgrbof the building will change
(e.g., replacement of windowgplacement of the heat source, insulation of the buiding

The certificate shall be drawn up on the basis of the methodology for determining
energy performance using an ICT system, in tvaicentral register of energy performance
is maintained. The methodology is defined byRkgulation of the Minister of Infrastructure
and Development of February 27, 2015 on the methodology for determining the energy
performance of a building or part afbuilding and energy performance certificates
( Bg as z ,Ksgiky ZBHR0X i

The energy performance of a building is understood as that amount of energy,
obtained by calculation or measured, which is needed to meet the energy demand associated
with the useof the building (Fedorowicz, Pokorsi&ilva, 2016).

The rules for determining the energy performance of a building are formulated in
the aforementioned regulation. This act specifies how to determine the energy performance
the indicators of annual enerdgmand and annual demand for specific types of energy. There
are two main methods for determining the energy performance of a building: the calculation
method and the consumption method. The first is based on the standard use of a building or
part of it. The second, on the other hand, is based on the amount of energy actually consumed.

Energy demand values for individual facilities should not form the basis for
generalizations. In practice, a calculation method is more often used, in which they are
determired:
coefficient of heat loss by penetration and ventilagtion
Monthly heat loss through penetration and ventilation
Monthly solar and internal heat gains and their utilization factor
The monthly utility heat demand for heating and ventilation
annual utiity energy demand for heating and ventilafiog ;
annual energy demaridr domestic hot water preparation 5
annual utility energy demand for cooling;, ;
annual utility energy demand

= =4 =4 -4 -4 -5 -9 -9

0 O0yf 05 Oy (1)

EU annual utility energy demand index

The average seasonal efficiency of the heating and cooling system and the

annual efficiency of the hot water preparation system

1 annual final energy demand supplied to the building for the hesyistgm
0 ; domestic hot water preparationy , coolingQ«.c and the embedded
lighting system0

1 annual auxiliary energy demai@l ;

§ annual final energy demarid

~ ~

0 0y 0y Oy 0y Oy (2)

= =4
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EK annual final energy demand indicator

Nonrenewable primary energy input coefficients

annual demand for neienewable primary energy for the heating sysbem,
domestic hot water preparation;, , coolingd ; and the embedded lighting
system0

§ annual demand of nerenewable primary energy

E

~

0 O0f Of Oj Ogp 3)
 index of annual demand for neanewable primary energy 0

Energy performance is determinbd the values of annual demand indicators

(Regulation, 2015):

1 nonrenewable primary energy:

o0 — QdTa A €7 (4)
1 final energy:

0oL — QEFa A £€7Q (5)
1 utility energy:

0 — QuxFa A £€7Q (6)

where:
0 T area of rooms with controlled air temperature (heated or cooled area).

The consumption method can be used to determine the energy performance of

existing buildings not equipped with a cooling system, in dperafor at least three
years, and is intended to assist in the evaluation of existing buildings, for example, with
incomplete technical documentatidrhe consumption method is used when:

9 for heating or hot water preparation, the building is suppliedidigict heating
or gas

1 consumption of system heat is billed on the basis of heat meter readings, and
natural gas is billed on the basis of gas meter readings, while consumption of
hot water is billed on the basis of water meter reaglings

1 there are docunmés proving the actual consumption of heat or natural gas for
the last 3 years preceding the preparation of the energy performance certificate

1 no construction work affecting their energy performance was carried out during

the period indicated aboye

theyare not equipped with a cooling system

natural gas is used exclusively for heating or hot water preparation, and its

consumption is measured by a separate gas meter

1 itis possible to determine the area of buildings with reguitéemperature

= =1
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In theconsumption method, the annual demand for final energy supplied to a building
or part of a building for the heating system Qk,H is determined according to the formula:

1 For district heating:
0p — QN ¢70 (7)

where:
0 1 The sum of network heat consumption for heating purposes for tf3ayleats
preceding the issuance of the energy performance certificate.

1 For natural gas:
RO

—8 " e ¢ 0 (8)

CR
¢

where:
0 ;T The sum of natural gas consumption for heating purposes for the last | years
preceding the issuance of the gyyeperformance certificate, fin
@ T caloific value of natural gas [MJ/#h
0 j; T The sum of natural gas consumption for heating fromldbed years
preceding the issuance of the energy performance certificate, in the case of
accounting for gas consumption in a unit of energy contained in the supplied
gaseous fuel [kWh].
a 1 the number of consecutive years, in the case of atagdor gas consumptian
a unit of energy contained in the delivered gas fuel, exceptithato «

Similarly, the annual final energy demand supplied to the building or part of the
building for the domestic hot water preparation system is detediry,

The graphical evaluation of energy performance (regardless of the method) is a color
scale (Figure 1).

On the scale, arrows indicate the calculated EP value and the EP value required for
a new building, as determined by the Technical Cooniitifor Energy Certificates for
Buildings (Robakiewicz, 2015).

Index of annual demand for non-renewable primary energy EP [kWh/(m>-year)

l assessed building

0 50 100 1?0 290 2?0 ; 300 3?0 4(1)0 450 500 >500

requirements for a new building
Figure 1 Scale of the annual demand for A@newable primary energy EP

SourceRozpor zNdzenie Ministra Infrastruktury i Rozwo
o

wyznaczanic har akterystyki energetycznej budynku | ub
energetyczng|Dz.U. z 2015 r., poz. 376)
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2. Purpose and scope of the study

The scope of the study was to compare the energy efficiency characteristics for
a part of the building (apartment), determined by the calculation method (Met_o) and

consumption method (Met_z), as well as the heat balance method (Met_b).

A residential unit with an area of 38.82 tncated in Krakow was selected for
analysis. The building in whicthe apartment is located was built in 2019. It is a middle
apartment on the 3rd floor. The corridors and staircase are heated. The technical condition
of the building is described as very good. The premises are permanently inhabited by
2 adults and usedlgear round. Thegeneral parameters of the object are summarized

in Table 1

Table 1
Facility parameters

Specification

Description

Location

Krak- - w

Utility program

Central apartment, on the 3rd floor: room with annex, 1 bedroo
bathroom and hall

Orientation

Exterior wall in southwest orientation

Area and volume
indicators

Usable area of 38.82%m
Heated area of 38.82°m
The volume of the apartment 99.57 m

Construction and
material solutions

Apartment in a multfamily building; the building has siftoors
above ground; building structure reinforced concrete with masa
elements; exterior wall of the apartment: reinforced concrete wi
ceramic hollow blocks insulated with polystyrene, interior walls
reinforced concrete with ceramic hollow blocksgenstory ceilings

T reinforced concrete; exterior windows, doupl@ned

Technical systems

Heating and hot water preparation system: Municipal district
heating network
Ventilation: mechanical exhaust

Source: own elaboration

The stages of the analysis luded:
M thermal calculations

1 heating and ventilatign

9 domestic hot water.

Characterization by the calculation method for the assumed use and standard climatic
conditions and by the consumption method was carried out using ArCADia TERMOCAD
v.8 software, with, among other things, allows for the preparation of energy performance

certificates for buildings and their parts.
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3. Energy demand analysis

3.1. Energy performance results obtained by the method based on standard

usage (calculation method)

In the first stepf the analysis, the systems present in the analyzed facility were
determined, as well as basic parameters such as purpose, location, and climate zone
Climatic data was needed to calculate seasonal heat demand. Table 2 summarizes the
average temperaturésr the apartment's location zone adopted in the program for
determining energy performance by calculation. Duration of heating season tsG
6024.21 [h].

Table 2
Heating season and average temperature values adopted for calculations in ArCADia TERMO
program

Months I I Il v | VvV VvV VI X X XXl
Temperature[°C] -13| 26| 32| 83 | 134|182 175| 175| 138 | 93 | 19 | 08
Time [h] 744 | 672 | 744 | 720 391 | O 0 0O | 5431| 744 720 | 744
Days 31 28 31| 30 |163 O 0 0 26| 31 30| 31

Source: own elaboration

Table 3
Technical systems and annual amount of energy carrier consumed (Met_0)

System System components Description Seaso_n_al average
efficiency
Heat generation Compact district heating no| 0.99
Heating Heat transfer central he:;ﬁ]r% efrom a loca 0.%
system Heat accumulation Without tray 1.00
Regulation and use of heg Water heating with radiator 0.89
Heat generation Nodes equped_wnh weath 0.99
Hot water automation
prepa;ratlor Heat transfer Central water heating 0.77
system : :
Heat accumulation Without tray 1.00

Source: own elaboration

Further, all partitions present in the assessed building were defined and calculations
of the partitions' Rc resistance andattor were made. Then the thermal zones were
defined, which were used to calculate seasonal heat demand.

Once the thermal calculations were made, the facility's heat supply and distribution
method were determined. This allowed the determination of the individual efficiencies of
the heating system (Table 3), necessary for calcul#tm@nnual final energy demand
for the heating and ventilation system.
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Based on the design documentation, the energy demand was determined using the
calculation method for the analyzed apartment (Table 4).

Further, based on the assumptions about thérfgeaystem derived from the
methodology and the temperature forplaeticular climate station adopted in the program
energy performance indices were calculated (Table 5). Two additional cases of internal
temperature were considered here, i.6C2&nd 3°C.

Table 4
Calculated annual quantity of energy carrier or energy consumed

Technical system| Type of energy carrier or energy QULETY OGS 2 2 e G2
1o o m¥»
Heating District heating from cogeneratio 37.96
Electricity 0.21
Domestic hot wate District heating from cogeneratig 36.11
preparation Electricity 0.10
Source: own elaboration
Table 5
Energy performance indicatoiscalculation method (Met_0)
Description Met o Met o
Adopted internal temperature 20 | 23¢C
Annual utility energy demand index, ERGY & 20Q & i 59.6 | 71.6
Index of annual final energy demand, ER&GY & 30 Q@i 74.4 | 88.6
Igdex of amual demand for nerenewable primary energy, EP 605 | 683
QY & QWi ' '

Source: own elaboration

The values of EP indicators are in accordance with the current standards as of the
date of obtaining a permit to use this facility. Currentiygider to meet the requirement
of the technical and building regulations (WT2021), the EP indicator should not be greater
than 70 kWh/ryear.

3.2. Energy performance results obtained using the method based on actual
energy consumed
In the next step of the atysis, the energy performance of the apartment was
determined using a method based on the eratyally consumed. The analyzed apartment
meets the requirements specified in the regulation for the application of this method
Energy consumption data foe&ting and hot water preparation for thgear
period are summarized in Table 6.

Table 6
Energy consumption over 3 years [kWh]

2020 2021 2022

Heating and hot water preparation system 2,91961 | 264191 | 250295
Source: own elaboration
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During the anajlzed period, the apartment was used by 2 adults. The average
temperature during the heating period maintained in the apartment is al#3l9C2&e
average monthly water consumption is 2. 27 The final energy demand for central heating
and hot water wasalculated jointly for both systems. The value of the-remewable
primary energy input coefficient for the facility was assumed based on data from the district
heating network of MPEC S.A. in Krakow. This coefficient amount&dQd in 2022.

In the @se of a joint central heating and hot water system, neither the value of
the EU utility energy index nor its stalues are calculated. The results obtained are
summarized in Table 7.

Table 7
Energy performance indicatoisconsumption method Met_z

Indexof annual final energy demand, ER&GF & QA ¢ Q 885

Index of annual demand for neanewable primary energy, ERRGF & 3 € 'Q 714
Source: own elaboration

The primary energy demand indicators of the analyzed apartment, detebyined
the consumption method, are not within the range of current WT2021 requirements
EPmax= 70 kWh/(rﬁ -year).

3.3. Energy performance results obtained by the heat balance method (analytical
calculationg
Based on the temperature data taken into account dinencplculations carried
out using ArCADiasoftware and real data obtained from a weather station suitable for
the location of the analyzed object (Table 8), calculations were made of the demand for
heating and hot water preparation.

Table 8
Average temeratures for the city of Krakow in 202022[°C]
2020 2021 2022
January 1.6 -0.5 1.1
February 4.5 -0.3 3.9
March 55 3.9 4.0
April 10 7.0 7.7
May 12.1 13.3 15.7
June 18.7 19.8 20.4
July 19.7 21.9 20.4
August 20.9 18.1 20.9
September 15.5 14.5 13.3
October 10.5 9.0 11.4
November 5.3 54 4.7
December 1.4 0.2 0.7

Source: own compilation based on data fidtps://meteomodel.pl/dane/sredinigesieczne/?imgwid
250190390&par=tm&max_empty0 a ¢ c16.652023 .
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For the purpose of estimating thendand for DHW preparation, the relationship
was used:

0 e )] (9)
0 (10)
0 0 Q) (11)

where:
0 T average daily hot water demand, taken at 118dhy
€ T number of residents (2 pple were admitted)
0 1 unit consumption of hot water (assumed: 120 l/day/person)
1 Time of use of hot water (assumed 18 h)

U T coefficient of hourly irregularity of water distribution, calculated based on
formula 12.

0 wg " (12)
Heating water to a usable temperature requires the supply of a héatctiloulated
based on equation 13. o
VL3IWIJI D0 0O (13)
where:
_ T heat demand
U T water demand
w T specific heat of water (4200 J/kg K)
" T density of water (980 kg/fh

Heat losses in winter were calculated based on the difference in temperature on
both sides of noftransparent partitions (exterior walls) and the thermal transmittance,
based on formula 14. For transparent partitions (ext&inodows), heat gains from
insolation were additionally taken into account (formula 15).

0 "odYDo o (14)

0 O 2°Q oY JO QoY J0 Yoo o6 (15

where:

0 h) 1 heat loss through nefmansparent and transparent partitions
"Oi partition surface

h h i coefficients determining the respective share of glazed area, correction
for altitude and type of glazing
"QhQ 1 accumulation factors
'Y RY i proportion of sunlit and shaded area
'O KO i maximum values of total and diffuse radiation
"Yi heat transfer coefficient

0 O 1 the temperature difference recorded on both sides of the partition.
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The heat flux supplied to the premises for ventilation purposes<alaslated
from relation 16 based on the volume flow of air and the temperature difference between
the supplied air and the temperature prevailing inside the ventilated premises

0 w3HJI D20 o (16)

where:
0 1 heat flux fa ventilation purposes
w7 volume flow of air supplied to the premises
o i specific heat of air
" 1 air density
0 O i temperature differential

The results of the energy performance determined by the heat balance method
are summarizgin Table 9. Analogous to the calculation method, two cases of internal
temperaturavere considered here, i.e.°@0and 23C.

The above methodology for determining a building's energy demand, as noted
earlier, takes into account both the number of resglér) and the average monthly
actual temperature values for a given location. The authors, in this step of the study
additionally carried out calculations taking into account the average temperatures of
a given climatic zone (adopted in the ArCADia TERBIED program). The results of
such simulation are summarized in Table 10.

Analysis of the results in the table above shibvasthe results for the two temperature
ranges coincide, confirming the correctness of the temperature values adopted for the
cimatezones wused in the calculations with th
lower outdoor temperature is taken into account by the ArCADia software, which translates
into a more restrictive calculation of the EP index in relation to the temperadtae d
recorded during the analyzed period (there were mild winters in 2022 to 2022).

Table 9
Energy performance indicatoisheat balance method (Met_b)
Description Met b | Met b
Adopted internal temperature 20°C 23°C
Annual utility energy demand index, ERGY @ 20 Q Qi 66.1 70.5
Index of annual final energy demand, ERG @ 20 Q@i 69.0 73.4

Index of annual demand for neanewable primary energy, EP

VST & OO 55.2 58.7

Calculated annual amount of energy carriegmm@rgy consumed for th 322 36.7
heating systemQo¥ & A QWi ' '

Calculated annual amount of energy carrier or energy consfamed 338 338

heating system fdwot water preparatiosystem Q¥ & 30 Q@

Source: own elaboration
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Table 10
Energy performance indicators for different outdoor temperatures and at an indoor
temperature o20°C

Met_b Met_b
. Including average temperatures| Taking into account the average
Indicator i
for the climate zone actual temperatures for the
(adopted in ArCADia software) location of the apartment
EU
VST & OO 73.0 66.1
EK
VST & WG] 75.2 69.0
EP
VST & WG] 60.6 55.2

Source: own elaboration

4. Conclusiors
Calculations of indices of final and primary energy demand were carried out using
three methodscalcuation, consumption and heat balance for a-te@m apartment in
the location of the city of Cracow.
Based on the analysis of the calculation results, the following conclusions were
made:
1 showed differences in the results obtained by the consumption aridtto z
and the calculation method Met_o, which amounted t82% (assuming an
indoor temperature of 200 in thecalculations) and 5% (assuming an indoor
temperature of 230C in the calculations). The rate of final energy demand for
heating and hot watereparation in the case of the consumption method deviates
from the value of the rate determined by the calculation method (Met_o) for
typical usage conditions and external conditions determined for the weather
station of the locations in question.

1 Thesdliscrepancies are due to the assumptions made, which in the current form
of the methodology are imposed in advance. The consumption method, on the
other hand, is based on the value of average energy consumption and the
parameters of the heating systemitss not fully adequate for comparisons.

The result obtained from the consumption method significantly depends not only
on the construction, material and installation solutions of buildings, but also
on the individual behavior of users, the number oflesgs and climatic conditions
prevailing during the analyzed period, as well as situations related to specific
conditions of use (in particular, the maintained indoor temperature, air exchange
rate).

1 The differences in EP and EK results obtained by tae ¥calculation method
and the Met_b heat balance method are at the level2#%8 Precise comparison
of these results by analogy with the earlier comment is not justified due to the
very simplified way of determining the energy performance of a bigldin
the consumption method

- 43-



ENVIRONMENTAL PROTECTION TRANSPORT AND LOGISTICS PRODUCTION ENGINEERING

1 The rate of final energy demand for heating and hot water preparation determined
by the calculation method (Met_o) for typical usage and outdoor conditions
determined for the weather station of the locations in questionh#\sliifferent
from the rate determined by the balance method (Met_b), both for actual
temperaturelata and those assumed in the Arcadia program.

1 The differences in the results obtained by the Met_o calculation method and
the Met_b heat balance method at the level of 81%. It has been shown that
the reason for this is the deviation of the values of average monthly temperatures
actual for a given location of the building from those included in the ArCADia
program, as well as the use of a simplifiedmod of monthly calculation of
heating energy demand.

1 Due to the slight deviation, the correctness of the assumed temperature values
for the climate zone used in the calculations with ArCADia TERMOCAD
softwarewas demonstrated in relation to the actudlies (average monthly
temperatures for the site location).

In summary, the consumption method, despite its ability to quickly produce an
energy performance certificate, is heavily dependent on the individual behavior of the
occupants, so it should be uged very limited extent. The indicators achieved by this
method are therefore not fully objective, i.e. related only to the technical conditions of the
building and the heat sourcehis may result in a decrease in confidence in the energy
performance agificate. By design, energy performance certificates are intended to be a tool
for improving the energy efficiency of buildings, but the incomprehensibility and errors
of the certificates mean that they do not generate action to improve the energyafficie
of buildings, but become only a formal obligation.

The analyzed example, in which fairly convergent results were obtained using
different methods of determining energy performance, is a single case study, so the
conclusions drawn should not be consadkas a generalization for every object.
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Abstract: The dependence of modern household appliances on electricity means that their
effectiveness and reliability depend to a large extertherontinuity of electricity supply and

its quality. This article presents a complementary energy system for afsimglig house. The
construction and purpose of individual blocks of the system were discussed, and the results
obtained during the annuaperation of the system were discussed.

Key words: solar cells, energy storage system, photovoltaic

1. Introduction

The growingexpectations regarding the reduction of energy consumption costs
the need to transmit electricity over long distances, thecegded losses and the energy
crisis caused by the recent pandeamd the ongoing war in Ukraine result in the constant
search for new solutions. One of them may be the use of environmentally friendly RES
(Renewable Energy Sources), energy storage agssveiaximizing the setfonsumption
of energy by prosumer&f course, the problem of energy storage remains, in this case
it is possible to use distributed energy storage (ME). These storages can be combined
with RES systems, which seems to be the mastfiosal.

2. The concept of using the system

The aim of the project was to build and test in real conditions a complementary
energy system for a singtamily house. The complementarity of this system consists in
the mutual complementation of its individ@dé¢ments in the field of energy production,
storage and consumptidBocklisch, 2015; Jafari, Botterud, Sakti, 2022; Maleczek,
Malicki, Szczepaniak, 2019; Moseley, Garche, 2014; Worku, 2022; Réfagyéhez,
Nigam, RicardefSandoval, 2021; Zakeri, Syri025). The installation was designed
and built as independent photovoltaic systems: prosumer agdiadfOperational tests
confirming the validity of the concept in the field of: production, energy storage and
self-consumption also included the conversibelectricity into thermal energy for heating
the building and obtaining hot utility water. The adopted solutions took into account the
aspect of system reliability as well as the simplicity of implementation and relatively low
investment costs comparemother solutions. An additional advantage of the installation
is the ability to operate the effrid system during a power outage from the operator.

3. System components

According to the assumptiopsesented in Figuredbove the system consists of
the following systems: generation, storage and consumption of energy. The generation
systems include two photovoltaic systems: prosumer with a capacity of approx. 6.9 kWp
and island with a capacity of 1.35 kWp.
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Energy storage Relay
24 kWh
) 1 Self-consumption system
1
1
1
Photovoltaic modules 1! .
off-grid system | CI‘ItICﬂ'k
1.35 kWp "~ networ
3
2
Photovoltaic modules Remaining
on-grid system network
6.9 kWp

]
- Energy network 3 x 400V AC

Figure 1 The concept of a complementary enesggtem
Sourceiown elaboration

The prosumer syste(figure 2)has two photovoltaic circuits: the first with a capacity
of approx. 3.7 kWp, located on the groamdl facing south, and the second with a capacity
of approx. 3.2 kWp located on the rooftbe building facing west. The thrgdase
inverter with a power of 6.6 kWp is connected via a protection system on one side to the
photovoltaic modules and on the other to the power grid. There is a typical, very common
solution(Figure 3) In addition, he system is equipped with an external thpbase
energy meter. The connection diagram is widely known and will not be presented here.

} B

Figure 2 Photovoltaic circuits of the prosumer system.
Source:own elaboration
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The offgrid system is completelypdependent of the prosumer system and has
its own singlephase inverter with a power of approx. 3 kWp (pure sine wave) equipped
with an energy storage voltage supervision systés.solution results from three aspects
reliability, functionality and cst. The functionality in this solution is understood as the
independent operation of both systems. The nominal voltage of the main bus on the DC
side is 96 V. An energy storage with a capacity of 24 kWh, made asartud system,
is connected to the stem. In the first circuit, there are 16 12 V acid batteries with a capacity
of 100 Ah, made in AGM technology (in seriparallel connection, which gives the
resultant 96 V 200 Ah). In the second circuit, there are 16 12 V acid batteries with a capacity
of 20 Ah, made in the VRLA technology (in series and parallel connection, which gives
the resultant 96 V 40 Ah).

N1 Bt 12 i3

230V AIC H “ D
Electrical loads
3x450 W
7 3104
| - 164 | e
DC/AC converter ||Wh
N
7 - i Relay
kWh M s0a =
| | PE
154
Charge =
controller ~
P

Batteries

Figure 3 Block diagram of the offjrid system
Sourceiown elaboration

Due to the difficulties in purchasing a charging regulator fol9h& DC bus,
adedicated impulse regulator with an input voltage of up to 120 V and a current of up
to 40 A was designed amdanufacturedFigure 4, Figure 5).
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Figure 4 Schematic diagram of a pulse charge regulator
Sourceown elaboration

Figure 5 The controller is under measurement and ready for use.
Sourceiown elaboration

The energy obtained from photovoltaic modules and received from Hugiaff
system is read from panel meters (DC energy meter and-pimgge AC electricity meter).
The system (which is basically a large UPS system) powers all "sensitive" receivers such
as: a refrigerator,@as boiler, a TV set and the necessary internal and external lighting
of the building. Both photovoltaic systems work independently; prosumer \2H1le,
island 24/7 from April to October, in other months only during the day. The periodic
operation of the offyrid system results from the fact that the discharge depth is limited
(to approx. 30% of the available capacity), which ensures long bateeayti guarantees
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the availability of energy in the event of failures at the electricity supplier. With a large
amount of energy produced, in order to meet the economic aspect of the investment, it
must be used in the maximum amount. This is understo@ddsethe maximization of

the sacalled sekconsumption. In order to meet this condition, the existing heating system
(gas boiler and fireplace) was expanded with twecairditioners (working mainly as

heat pumps) and instantaneous utility water hedflersthousehold and garden equipment
(induction and resistance heating plates, mowers, trimmers, etc.) is also powered by
electricity. Producing your own energy is not the only condition for low costs of using

a house. Very important aspects are efficiestiiation of the building (walls and ceilings

and its location ensuring exposure to the south sidedgaiditioner exchangers should

also face south. Thesenditions are met by the building under consideration. Only the
recuperation system is missingwas not included in the design phase.

4. System research

Tests and measurements were carried out during one last year of operation of the
prosumer system and during the eigidnth period of operation of the affid system.
First of all, parameters such alectricity production in both inverter systems (prosumer
and oftgrid) and energy balance taking into account-eelisumption were recorded
Thebatteries used in the energy storage were also tested, as well as an attempt to use
awind turbine as welas the impact of snowfall on the production of electricity.

4.1.Research of the energy yield of the system

These tests were carried out on the basis of readings from inductive energy meters
(alternating currerit threephase prosumer system and sifgiase for offgrid) and an
electronic direct current meter for the -@ffid system. The energy productiontbé
prosumesystem includes all energy without distinction betweencatfsumptiorand
energy transferred to the operator. Its total value (agugtdi Figure 6) is 6940 kWh.

kWh
1200

1000

200
600
40
20 I I
o 1l
5 & 7 B 9 w11 12 1 2 3 4

month

=

=]

Figure 6 Energy produced in the prosumer system during the (ye#ine months: from May
to April).
Source:own elaboration
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In the case of the offrid system, total (over the entire test period) readings of
the DC meterdcated in the circuit of photovoltaic modules and monthly readings of the
AC meterlocated at the output of the inverter and showing the energy consumption of
receivers of sensitive circuits were recor@€idure 7) By comparing both energy values
(DC) ard the sum of AC energy readings, we can determine the efficiency of tipedoff
system, which is affected by the efficiency of energy conversion by the inverter and batteries.

kWh

&0
S0
40
30
20
. [ I
o
9 1m0 11 12 1 2 3 4a

month

Figure 7. AC power taken from the offirid system over an eigimonth period(months:
September to April).
Sourceiown elaboration

The total energy for the ofjrid system on the DC side (provided from the modules)
is 659 kWh and for the AC side 395 kwh.
Off-grid system efficiency:

0O Owvu

O oop

4.2.Research of electrical parameters of batteries

The set of the offyrid system includes an energy storage built of batteries made
in acid technology, therefore it is very important to check the batteriess t&rthe
basic parameter, which is the ability to accumulate elect(B#ipu et al., 2020; Dascalua
Sharkha, Crudena, Stevenson, 2022; Dehg8anij, Tharumalingam, Dusseault, Fraser,
2019; Hemmati, Saboori, 2016; Koekayegh, Rosen, 2020; Maleczé&gczepaniak,
Radek, Kowalkowski, Bogdanowicz, 202Zhe batteries (AGM technology) under study
were charged to full capacity in each cyc
performed using an artificial logéigure 8) The tested batteries veedischarged with
a standard tehour current, i.e. 10 A (for a battery with a capacity of 100 Ah). The
discharge process was carried out for three temperatdrésA C, 25AC, +50AC
limit voltage of about 10.6 V was reached.
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Figure 8 Technologral load
Sourceiown elaboration

An example of the curremtoltage characteristics of the discharge process of the
tested battery for temperature is shown in Figure 9.

[v1
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=
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[

AGM
12V, 100Ah

10,00 H | == writage [V]

-8 curent  [A] ‘
o el | S N N —— 1 1
a ]

Figure9Bat tery voltage and dischar.ge current ch:
Saurce:own elaboration

The results of the accumulated energy read from the artificial load are presented
in table 1.

Table 1

Summary of measurement results
Temperature -20°C +25°C +50°C
Energy [kWh] 0.64 1.26 0.97

Sourceiown elaboration
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4.3.Wind turbine research

During the use of the complementary energy system, the idea of using a wind turbine
as an additional source ehergy was born. Preliminary research was carried out before
attempting to use it. The subject of the research was a lighgrgetsized, 300W wind
farm with additional protection against too strong wind by twisting th€Ragure 10)
Thanks to the #blade propellers, a faster start of charging the energy storage is ensured.
The tests were carried out at ambient temperatuzeQ A C) . and t he me
included the following equipment:

1 a device for measuring wind speed

1 ammeter and voltmetéruniversal instruments

1 loadi adjustable resistor

1 temperature meter

e N

Figure 1Q Wind turbine mounted on a test stand
Source:own source

The wind turbine was mounted at a height of approx. 3 m above ground level, on
a special tripod. While the wind was blowing, its speed and current and voltage in
the tested measuring circuit weead(Figure 11) Readings were made many times
due to changing wind conditions. Average values were taken as measurement results
(Table 2).
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Table 2

Summary of measurement results

Wind speed [m/s] 21 4.3 6 10 12 153 20
Circuit voltage [V] 0 205 22.3 25.1 26.0 27.1 28.2
Current [A] 0 0.9 19 2.9 3.9 5.6 8.9
Current power [W] 1845 | 4237 | 728 1014 15176 | 25098
Source:own elaboration
[W] Power
300
250 -+ /
200
150
100 /
50 /
L - | — : b - S N
° 0 5 10 20 [m/s]
Speed

Figure 11 Power characteristics as a function of wind speed
Sourceiown elaboration

4.4.The influence of snow
In the winter period of using the systene tmpact of the snow layer on the surface
of the photovoltaic module on the production of electricity was che(fkedre 12)
The study was to confirm one of the reasons for mounting solar modules at ground level.

-

Figure 12 View of the module surfae covered with snow after partial (left) and complete snow
removal (right)
Source:ownsource

- 54-



ENVIRONMENTAL PROTECTION TRANSPORT AND LOGISTICS PRODUCTION ENGINEERING

The obtained results are presented in Table 3

Table 3
Summary of measurement results
Snow layer thickness [cm] Power [W]
0 1,300
0,5 440

Sourceiown elaloration

5. Conclusiors

The results of the research and the operational and cost indicators achieved confirm
the validity of the solution in which, apart from generation andcgglsumption, attention
was paid to the importance of having a prosumer's owrggrstorage ensuring energy
security during interruptions in energy supply from the operator. The obtained results in
terms of the energy balance fully meet the adagedmptions regarding selbnsumption
This is confirmed by the settlementseivedrom the energy operatonhich include only
fixed charges. On average (thwgmar observations) about 350 kWh remain available for
the next period, which is about 5% of the annual production of the system. Such a good
result was achieved thanks to thepgeoselection of heating systems. Fees for gas fuel
and firewood do not exceed PLN 100 per month. For comparison, a similar house heated
with pellets costs about PLN 5,000 zloty. Tests of batteries (acid AGM technology
confirmed their full suitability fohome systems. Batteries are much cheaper and safer,
and with not too deep discharge, they ensure long storage life. Of course, this is paid for
by larger dimensions and weight, but in the case of a home stationary warehouse, it should
not matter. Attempt® use a wind turbineave failed. Unstable operation, low efficiency
as well as noise and thisk of an accident (possible damage to the propeller) basically
preclude its use in a singfamily house. Another important aspect to consider is the
installaion location of the photovoltaic modules. Based on the results of the analyses, it
seems thathe best solution (apart from the aesthetics and "loss" of the garden area) is
to install the modules on the ground. This solution has the following advantagss;
access of modules in the event of a failure or the need to clear snow, lower operating
temperature which improves energy efficiency and greater safety in the event of a fire.
Studies of the impact of snow cover show that even 0.5 cm of snow cabsesfaldl
decrease in power. Very important premises for the construction of a complementary
system are: its high reliability (two separate inverters and air conditioners not connected
with gas heating), having an energy storage (storing part of sur@rgyerelieving the
energy system) and, most importantly, working as a UPS supplying energy to sensitive
receivers ensuring their uninterrupted work.
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Abstract: Railway vehicles are an integral part of the railway system. Therefore their failures
may lead to dangerous events in the context of the safety of the entire railway systeandn Pol

For the purposes of the article, an analysis of railway incidents in Poland was carried out from
2015 to 2020, based on data published by the State Commission for the Investigation of Railway
Accidents (PKBWK) and the Office of Rail Transport (UTKheTstatistical analysis included
events divided intoserious acciderits'accidents” and "incidents”, the definiticanrsd categorisation

of which are presented in the Regulation of the Minister of Infrastructure and Construction of
16 March 2016 on seriguaccidents, accidents and incidents in rail transport. Within each of
the groups of events, the most common categories of causes of direct events were distinguished,
and then events whose direct cause had their origin in the poor technical conditibmeoofa

rail vehicles were distinguished. The conducted analyses cover railway vehicles and do not include
metro and tramway rolling stock. During the analysed period, no "serious accident” was recorded,
the direct cause of which was related to the texhimiondition of rail vehicles, but in the group

of events "accidents", and in particular "incidents"”, the share of events of this category is significant
(from a few to several dozen per cent of all events). The level of detail of data published by the
State Commission for the Investigation of Railway Accidents or the Office of Rail Transport
does not allow the assessment of which particular technical system of a railway vehicle is most
frequently subject to failure (detailed reports are published onlisésious accident” events).
Thereforejn order to comprehensively assess the impact of technical failures of railway vehicles
on the safety of rail transport in Poland, it is recommended to conduct more detailed analyses
in cooperation with the Commissi@r the Office of Rail Transport.

Key words: safety, breakdowns, failure, railway vehicles, railway transport, open risk valuation
accident, serious accident, incident.

1. Introduction

European railwaysemain among the safest in the world. The numbeeabus
rail accidents has been steadily decreasing in recent years. The basic indicator for the
number of fatalities per 1 billion passeng@ometres for railways is 0.058 andtlse
same as the value of the indicator for aviation. Its value is altoné4 lower than for
individual car transport aralmost four times lower than for coach transfijrtAnalysing
the indicator determining the number of fatalities per 1 million velkitteneters, there
are large, at least #f0ld discrepancies betweenet EU countries with the lowest rates
and those with the highest rates. In both cases, the median values are significantly lower
than the average values because the indicators for EU countries with relatively high ratios
are much higher than those for atlveuntries. As for the mortality rate, a group of 11
high-value countries is emerging, which clearly contrasts with the values for the other
EU Member States. Poland is in the group of these countries.

- B8-



ENVIRONMENTAL PROTECTION TRANSPORT AND LOGISTICS PRODUCTION ENGINEERING

Unlike the European aviation and maritime industailways have still not
implementedan EUwide system for reporting rail safety incidents. This would allow
conclusions to be drawn, leading to appropriate preventive and risk mitigation actions.
This system should include reporting information not onlgemous rail accidents, but
also on incidents or potentially hazardous situatiahsis, events without fatalities. The
European Union Agency for Railways proposes to use a safety assessment method
consisting of two elements for assessing railway safety:

1) Mandatory reporting of railway traffic safety incidents in order to learn about

themechanisms and scenarios that meayl to accidents and serious accidents

2) Introducing the notion of dimension/level of safety by defining the rank of the

ability of the arrier/ECM to manage the risk control measures put in place
to control the risks associated with its activities. This will allow for assessing
the adequacy of the entity's approach to risk management in this area

In order to achieve the above objectiviésyill be necessary, as in aviation, to
create a common platform dedicated to the exchange and collection of information and
data on railway traffic safety violations.

2. Purpose of work, classification of accident events
In this work, a statisticalnalyss of railway incidents in Poland in the yea@452020
was carried out. The analysis was carried out, among others, on the basis of data published
in the annual reports of the National Commission for the Investigation of Railway Accidents
(PKBWK) (PKBWK, 2015, 2016, 2017, 2018, 2019, 20204 on the basis of data published
by the Office of Rail Transport (UTHKh the reports on the state of railway traffic safety
(Office for Railroad Transport, 2020; Office for Railroad Transport, 2820 on the websit
of the Office(Office for Railroad Transport, 2023
The aim of the work is to assess the impact of technical failures of rail vehicles on
rail transport safety in Poland. The conclusions from the work can be used in the process of
estimating and valuintipe open risk, in accordance with EU Regulation 402/284Bpean
Commission, 2013 in relation to changes in the technical systems of rail vehicles.
Railway safety violation events were analysed according to one of the categories
I serious accident, amlent, incident. Whenever a serious accident, accident or incident
Is referred to, the definitions indicated below, which originate from the Ordinance of the
Minister of Infrastructure and Construction of 16 March 2(Mister of Infrastructure
and Conguction, 2016 on serious accidents, accidents and incidents in rail transport and
the Instruction on proceedings in matters of serious accidents, accidents and incidents
in rail transport k8 (PKP Polskie Linie Kolejowe S.A, 20},6vhich takes into acamt
the issues contained Regulationof the Minister of Infrastructure and Construction of
16 March 2016 and is at the same time an act referred to in the PKP PLK Network
RegulationgPKP Polskie Linie Kolejowe S.A202J), shall apply.
serious accidenti any accident caused by a collision, derailment or another
occurrencelearly affecting railway safety regulations or safety management:
(a) with at least one fatality or at least five seriously injured persons;
(b) causing significartamage to the faray vehicle, infrastructure or environment
which the accident investigation board can immediately estimate to be at least
EUR 2 million.
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accidenti an unintended emergency event or a sequence of such events involving
a railway vehicle, causing negativsequences for human heaitioperty or the environment
accidents include in particular:

a) collisions

b) derailments

C) events at crossings

d) events involving persons caused by a railway vehicle in motion

e) fire of a railway vehicle

incident i any event, other than an accident or serious accident, affecting the safety
of railway traffic.

Individual events were also assigned an appropriate qualification of direct causes.
For accidents (B) and major accidents (A), the qualification of disatdes according
to Table 1 shall apply. Table 2 applies to incidents.

For serious accidents and accidents whose direct cagsafeguence of the inadequate
technical condition of the rolling stock, the event categories A10, A11, A37 and B10, B11, B37
apply, i.e. damage or pa@chnical condition of the railway vehicle with propulsion, special
purpose railway vehicle and damage or poor technical condition of the wagon, respectively.

Tablel
Qualification of the direct cause of a serious accident fAgazident (B) and its categories
No. Direct cause qualification *Category
1 Causes other than those listed below or overlapping of several cau 00
the same time, creating equivalent causes
5 Setting the railway vehicle on a busy, closed track etridck in the 01
opposite direction or in the wrong direction
Acceptance of a railway vehicle at a station on a closed or busy tra 02
Setting, acceptancerunning of a railwayehicle on an improperly arrange
4 : : : , . 03
unprotected route or improper op@a of railway traffic control devices
5 Failure to stop the railway vehicle before the 'Stop' signal or at a place 04
it should stop, or starting the railway vehicle without the required authoris
Failure to exercise caution after tiadway vehicle has passed an automa
6 o : o : 05
standstill signal or a doubtful signal after stopping in front of these sig
7 | Exceeding the maximum authorised driving speed 06
8 | Execution of a maneuver posing a threat to the safety of train traffi 07
9 | Derailment of a railway vehicle 08

Damage or poor maintenance of a structure, e.g. permanent way, k
or overpass, including improper performance of works, e.g. improp
10 | unloading of materials, surface, leaving materials and equipment (incl 09
roadmachinery) on the track or in the gauge of the railway vehicle ¢
overrunning the railway vehicle on the elements of the structure
Damage or poor technical condition of a railway vehicle with propulsig
special purpose railway vehicle (includingeorunning of the item
11 | constituting the structural part of the railway vehicle with propulsion 10
special purpose railway vehicle) and damage or malfunction of theamad
part of the contretommand and signalling devices (ERTMS)
Damage or poor tecioal condition of the wagon (including overrun ¢
the structural part of the wagon)

12 11
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13 | Damage or malfunction of railway traffic control devices 12
Running a railway vehicle over a railway vehicle or another obstacl

14 , : 13
(e.g. brake skid, luggage trofiemail cart)

15 | Criminal assassination 14

16 | Misalignment of the switch under the railway vehicle 15

17 | Incorrect train or shunting trainset composition 16

18 Improper loading, unloading, failure to secure the load or other irregula 17
in the laading operations or improper train or shunting trainset compos
Collision of a railway vehiclavith a road vehicle (other road machinery

19 | agricultural machinery) or vice versa at a level crossing with turnpik 18
(category A according to the crasg metric)
Collision of a railway vehicle with a road vehicle (other road machinery

20 | agricultural machinery) or vice versa at a level crossing equipped W 19
an automatic crossing system with traffic lights and turnpikesggat.
Collision ofa railway vehicle with a road vehicle (other road machine

21 | agricultural machinery) or vice versa at a level crossing equipped with 20
automatic crossing system with traffic lights and without turnpikes@gal
Collision of a railway vehicle with road vehicle (other road machinery

22 | agricultural machinery) or vice versa at a level crossing not equippe 21
with a level crossing system (c&x)

23 Collision of a railway vehicle with a road vehicle (other road machiner 22
agricultural machinery) arnce versa at a level crossing for private use gat
Rolling a railway vehicle onto a road vehicle (other road machinery

24 | agricultural machinery) or vice versa outside-radd crossings at station 23
and routes or on the communication and acteask to the sidetrack

25 | Fire on a train, shunting trainset or on a railway vehicle 24
Fire in a building structure, etc., within the railway area, forest fire

26 | within the limits to the end of the fire lane, fire of cereals, grasses a 26
tracks occrred within the railway area

27 | Explosion on a train, shunting trainset or railway vehicle 27

28 | Natural disasters (e.g. floods, snowdrifts, ice blocks, hurricanes, landsli 28

29 Construction disasters in the immediate vicinity of railway tracks 29
which normal train movements take place
Malicious, hooligan or reckless misdeeds (e.g. throwing stones at a1
stealing cargo from a train or shunting trainset in motion, laying an ob

30 | on the track, devastating power, communicationsraihgay traffic 30
control equipment or permanent way infrastructure and interfesihg
this infrastructure)

31 Railway vehicle collision with persons while crossing the tracks at 31
a railroad crossing or a guarded crossing

32 Railway vehicle colli;n with persons while crossing the tracks at arcaitl 32
crossing with an automatic crossing system @aC)

33 Railway vehicle collision with persons while crossing the tracks at ¢ 33
rail-road crossings and walkways

34 Railway vehicle colligon with persons while crossing tracks outside 34

rail-road crossings or walkways at stations and routes
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Events involving persons related to the movement of the railway ve

35 | (jumping, falling off the train, railway vehicle, strong approach or sud 35
braking of the railway vehicle)
Ignoring signals prohibiting entry to the level crossing by the road ve

36 . O 36
operator and damage to the turnpike or traffic signals

37 | Train or shunting trainset brealp resulting in runaway wagons 37
Incorrect operation of structures and equipment intended for railway

38 : ) . . . 38
traffic control or incorrect operation of railway vehicles caused by t
Entry of a railway vehicle using traction energy from the overhead cor

39 | 77 ) . 39
line into an unoccupied neglectrified track
Uncontrolled release of dangerous goods from the wagon or packa

40 | requiring the intervention of authorities or the use of measures to elim 40
fire, chemical, and biological hazards at the station or on the route

Source:Regulationof the Minister of Infrastructure and Construction of 16 Ma2fli6 on serious

accidents, accidents and incidents in rail transpdirtister of Infrastructure and Constructic2016

Warszawa: Jurnal of Laws of 2016, ithem 369, retrieved from: https:#&gan.gov. pl/isap.nsf/DocDetails

xsp?id=WDU2016000036@iccess10.05.2023

Table2
Qualification of the direct cause of the incident and its categories

No. Direct cause qualification *Category
Setting the railway vehicle on a busy, closed tradkerrack in the
1 ; . . . . . C41
opposite direction or in the wrong direction
2 | Acceptance of a railway vehicle at a station on a closed or busy tra C42
Setting, acceptance or running of a railway vehicle on an improperly arrg
3 : ) : , : C43
unprotected route or impropaperation of railway traffic control devices
4 Failure to stop the railway vehicle before the 'Stop’ signal or at a place ca4
it should stop, or starting the railway vehicle without the required authoris
5 | Exceeding the maximum authorisgdving speed C45
6 | Execution of a maneuver posing a threat to the safety of train traffic C46
7 | Derailment of a railway vehicle C47
8 | Misalignment of the switch under the railway vehicle C48
9 | Incorrect train composition C49
Improper loading, unkding, failure to secure the load or other irregularit
10 | . : ; C50
in the loading operations
Damage to the permanent way, bridge or overpass, overhead cont
line, also improper performance of works, e.g. improper unloading
11 ; : : ) : : : C51
materials, leaving materiagsnd equipment (including road machinery
on the track or in the gauge of the railway vehicle
Incorrect operation of railway traffic control devices causing:
T failure to cover the line blocking distance occupied by the railway
vehicle with the "Stp" signal,
12 T setting of the permitting signal on the semaphore with improperly C52

arranged route, improper operation of track or turnout vacancy dev
improper operation of station or line blocking devices,

T failure to warn and protect road users fromatapproaching a leve
crossingor a crossing equipped with a level crossing system
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Damage to or poor technical condition of the railway vehicle with
propulsion, special purpose railway vehicle making it necessary to
out of service as a rel of indications by rolling stock malfunction
detection equipment, confirmed in workshop conditions (hot axle b¢
hot brake resulting in a displaced rim), as well as other faults in rail
vehicles in motion noticed by the service personnel (e.ebrspring)

13 C53

Damage to or poor technical condition of the wagon making it necees
put it out of service as a result of indications by rolling stock malfuncti
14 | detection equipment, confirmed in workshop conditions (hot axle b C54
hot brake readglting in a displaced rim), as well as other faults in railw
vehicles in motion noticed by the service personnel

Fire on a train or on a railway vehicle with no adverse effects on pro
or the environment, without victims

Fire of the liilding structure and vegetation in the immediate vicinity
the railway tracks on which normal railway traffic takes place
Uncontrolled release of dangerous goods from the wagon or packa
17 | requiring the intervention of authorities or the usmeasures to eliminate C59
fire, chemical, and biological hazards at the station or on the route
Railway vehicle running into an obstacle (e.g. brake skid, luggage
18 . . ) ; C60

trolley, mail cart, etc.) without derailment or casualties

19 | Criminal assassinatin C61
20 | Natural disasters (e.g. floods, snowdrifts, ice blocks, hurricanes, landg ~ C62
Construction disasters in the immediate vicinity of railway tracks on

15 C55

16 C57

21 : i C63
which normal train movements take place
Malicious, hooligan or reckless misdemears (e.g. throwing stones &
a train, stealing cargo from a train or shunting trainset in motion, lay

oo | AN obstacle on the track, devastating power, communications, and rai C64

traffic controlequipment or permanent way infrastructure and interfer
with this infrastructure), without casualties or negative consequences
property or the environment, posing a threat to passengers or train
Events involving persons related to the movement of the railway ve
(crossing tracks at level @sings and walkways on the route, jumpin
23 | falling off a train or a railway vehicle, collision with rolling stock in C65
motion, heavy access to or rapid braking of a railway vehicle), with
any damage or negative consequences for property or the environr
Failure to stop the road vehicle in front of a closed turnpike {senpike)
24 | and damage to the turnpike or traffic signals on which signals were act C66
to warn of an oncoming train, without collision with the railway vehi
Incorrectoperation of structures and equipment intended for railway
25 : : ) : : C67
traffic control or incorrect operation of railway vehicles caused by t
26 | Train or shunting trainset breaip resulting in runaway wagons C68
27 Causes other than those listed belowwarkapping of several causes C69
the same time, creating equivalent causes

Source:Regulation of the Minister of Infrastructure and Construction of 16 March 2016 on serious
accidents, accidents and incidents in rail transpdirtister of Infrastructee and Constructiqr2016
Warszawa: Jurnal of Laws of 2016, ithem 369, retrieved from: https://isap.sejm.gov. pl/isap.nsf/DocDetails
xsp?id=WDU2016000036&ccess10.05.2023
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For incidents, the direct cause of which is due to the inadequate teclnidiion
of the railway vehicles, the categories of events C53 and C54 and C68 apply, i.e. damage
or poor technical condition difie railway vehicle with propulsion, special purpose railway
vehicle and damage or poor technical condition of the wagorectsgly.

3. Analysis of railway events in Poland

In the years 2012020, a total of 24 serious accidents were recorded in Poland.
The most common direct cause of events of this type was the rolling of a railway vehicle
onto a road vehicle or, converselyleatel crossings ofarious categories. This group of
events includes events categorised according to Table 1 as A18, A19, A20, A21, A22 and
in the analysed period they accounted for over 83% of all serious accidents in Poland.

During the analysed periode serious accident occurred, the direct cause of which
would be the poor technicabndition of the railway vehicle. A detailed list of serious
accidents is shown in Figure 1.

"B" category events constitutadery large group of all events that wereaeled
in rail transport in Poland. In the years 2€A®0, there were a total of 3915 events, the
largest group of which were accidents caused directly by the rolling of a railway vehicle
on people when crossing tracks outside railway crossings or wadka¥astations and
routes (B34) atotal of 1075 events. In the second place in terms of the number of events
accidents were caused directly by the rolling of a railway vehicle onto a road vehicle or
vice versa at a level crossing without a level crossystem (B21) a total of 780 events
The thirdgroup consisted of events directly caused by damage or poor maintefance
the structure, including the improper performance of works (B@3aptal of 292 events.
Only three categories of events, i.e. BB21 and B09 accounted for 54.8% of all events
between 2015 and 2020. Figure 2 presents a detailed analysis of the frequency of occurrence
of individual categories of events.

oo

Total number of serious accidents

2 2
) WEI AR 81

Number of serious accidents

0
2015 2016 2017 2018 2019 2020
Serious accident category:
A04 Al3 Al8
Al9 mm A20 A21
. A23 A 35 —Total number of events

Figure 1. List of serious accidents in Poland in 2€A@&20.
Source:own study based on thPKBWK, 2015, 2016, 2017, 2018, 2019, 2Q020)
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Figure 2. Pareto diagram for accidents in Poland in 20020
Source:own study based on t{iPKBWK, 2015, 2016, 2017, 2018, 2019, 2Q020)

Analysing the number of events of all categories in individual years, it can be
concluded that since 2017 the number of such events has been systematically decreasing.
Also in relation to the three categories of events discussed above, i.e. B34dE1%
therehas been a clear downward trend, which is a very positive phenomenoth&om
point of view ofrailway transport safety. The quantitative summary of all events in the
years 20152020, including the analysis of trends, is presented in Figure 3
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Figure 3. List of serious accidents in Poland in 2€A@0.
Source:own study based on t{iEKBWK, 2015, 2016, 2017, 2018, 2019, 2Q020)
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From the point of view of the impact of technical failures of rolling stock on the
number of dangerous accidents of the type of accidents, the most important events are
those of category B10, the direct cause of which is damage or poor technical condition
of the railway vehicle with propulsion or special purpose railway vehicle, and those
of category B11, the direct cause of which is damage or poor technical condition of
the wagon.

Accidents of categories B10 and B11 accounted for 4.2% of all accidents in the
analysed period. Most of the accidents that have been assigned to the condii@®n of
rolling stock relate to the condition of the wagons.

In the group of events classified as incidents, of which a total of 6414 were recorded
in the analysed period, there are events that are directly caused by the damage or poor
technical condition ofhe wagon, causing the need to shut it down (C54). In-2029,

1,456 incidents of this category were recorded. The second place was occupied by incidents
directlycaused by the breakdown of the train or shunting trainset, which did not cause
the coincignce of wagons (C68)a total of 1349 events. The third group consisted of
incidents directly caused by malicious, hooligan or reckless misdemeanour$ 64!

of 953 incidents. Figure 5 presents a detailed analysis of the frequency of occurrence of
individual categories of incidents.
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Figure 4. The share of category B10 and B11 accidents in relation to all accidents in Poland in

the years 201:2020.
Source:own study based on t{@KBWK, 2015, 2016, 2017, 2018, 2019220
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Figure 5. Pareto diagram for incidents in Poland in 2@0&0.
Source:own study based on t{iPKBWK, 2015, 2016, 2017, 2018, 2019, 2Q020)

Between 2015 and 2017, the number of incidents increased sharply (521tsciden
in 2015 versus 1270 in 2017). Since 2017, the number of incidents has remained almost
unchanged, with around 1260 events per year. The number of incidents of the most common
category, i.e. C5has been steadily decreasing. In turn, during the angbgsextl, there
was a sharp increase in the number of C64 category incidents. The quantitative summary
of all inidents in the years 204220, including the analysis of trends, is presented in
Figure 6.
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Figure 6. List of incidents in Poland in 201%020.
Source:own study based on t{iEKBWK, 2015, 2016, 2017, 2018, 2019, 2Q020)
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Figure 7. Incidents of categories C53 and C54 in relation to all incidents in Poland in the years
20152020.
Source:own study based on t{@KBWK, 2015, 2016, 2017, 2018, 2019, 2Q020)

The most important categories of incidents that can be directly related to the impact
of rail vehicle failures on the safety of rail transport in Poland are categories C53 and
C54.The datgresented in Figure 7 indicate that the percentage of incidegitsating
in the rolling stock condition is systematicallgcreasing, with the largest decrease recorded
in 2016 and 201 However, when analysing the data, it shdagdaken into accouttiat
in 2017 the number of incidents in other categories increased significantly, which indirectly
contributed to a sharp decrease in the percentage of events in categories C53 and C54
(a decrease from 59% in 2015 to 17.5% in 2020, i.e. by almost 42f43t |the number
of incidents of these categories, without reference to the total number of all incidents)
decreased by 30% when comparing data for 2015 and 2020.

4. Conclusiors

During the analysed period, no serious accident occurred, the direct caugehof wh
would bethe poor technical condition of the railway vehidecidents of categories B10
and B11 accounted for 4.2% of all accidents ireth@ysed period. Overafrom year to
year (excluding 2019j)he share of accidents classified as categorydtB11 events
in the overall number of accident events is decreasing. Most accidents caused by poor
technical condition are related to events involving wagons.

Thelevel of detail of data published by the State Commidsiotine Investigation
of RailwayAccidents or the Office of Rallransport does not allow the assessment of which
particular technical system of a railway vehicle is most frequently subject to failure
(detailed reports are published only for "serious accident" events). Therefore,nn orde
to comprehensively assess the impact of technical accidents of railway vehicles on the
safety of rail transport in Poland, it is recommended to conduct more detailed analyses
in cooperation with the Commission or the Office of Rail Transport.
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Unlike theEuropean aviation and maritime industry, railways have still not
implemented an Eiwide system for reporting rail safety incidents. This would allow
conclusions to be drawn, leading to appropriate preventive and risk mitigation actions.
This system shoulohclude reporting information not only on serious rail accidents, but
also on incidents or potentially hazardous situatiotisis, events without fatalities. In
order to achieve the above objectives, it will be necessary, as in aviation, to create a commo
platform dedicated to the exchange and collection of information and data on railway traffic
safety violations.
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Abstract: The work of AGV (Automated Guided Vehicles) mohitbots is supervised by the
IntraFleet system, which enables the design of logistics processes and traffic management
taking into account the infrastructure of the production hall. AGV robots move in a fixed route
of magnetic tapesptical or laser systnsi using wirelessommunication, e.g. i or bluetooth

AGYV routes intersect with each other, which makes it necessary to introduce a system that monitors
the position of individual transport uniidased on the layout of the hall, a project was dped

for a collisionfreeroute for the AGV trolley connected to platforms intended for transporting
elements of the car's cockpit, while maintaining synchronization with the time schedule of
assembly operations at the line's stations.

Key words: AGV vehide, RFID technology

1. Introduction

The development of enterprises forces the modernization of transport systems in
the production and storage areas. Along with Het@chnologies, solutions have appeared
that help to replace people in areas responsilblgdnsport in production halls through
the use of AGV (Automated Guided Vehicles) autonomous transport vehicles (River Systems
2022). Thanks to such solutions, the employee can be directed to other, more advanced
activities.Industry 4.0 has become them recipient of unmanned transport vehigles
which play an important role in the automation of production processes. The positioning of
the passage of an autonomous vehicle is based on the use of magnetic tapes. Technological
transportis carried out usig various systems and supervision methods, depemaing
the needs and specificity of the production hall. The possibility of collfsemand safe
movement of the vehicl@ound the production line zone within the hall is conditioned
by the appropriateetection of a set of sensors responsible for safety,(PQ@8).

The automotive industry in particular has benefited from the development of
autonomous vehicles. Various types of autonomous transport trolleys are used in the
car assembly halls. There iswfronization of the transport process of components with
delivery to the appropriate position of the assembly line at a strictly defined time so as not
to create warehouse zon@sthis stage, there is no room for errors and the elimination
of the humaractor in the transport process ensures the continuity of the assembly lines.
In most cases, the degree of synchronization of deliveries requires the use of many
autonomous vehicles, which forces the planning of vehicle routes in a colfisien
system. h addition, an autonomous vehicle must maintain adaptability to react in the
event of obstacles appearing on the route. For this purpose, a number of sensors and
protection devices are used that react quickly enough to slow down or stop the AGV
(Baszuk, Sz z n 20h0).

Thus, the proposed modifications to the IT systems supervising the functioning
of AGVs in the structure of the car assembly hall included in the publication constitute
the next cognitive stage aimed at increasing the efficiency of the caystam
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2. Methods

2.1.Determining the route of AGV trolleys

The collisionfree route was designed based on theolatyof the car assembly hall,
where automated transport is carried out. Another important aspect is the conditions in
a given part of thedil. At the beginning, communication routes in the area where the route
is planned should be marked out. The main parameter is the width of the road, which must
be sufficient to allow two vehicles to pass. Indmalyzed case, an area of 3 m wide was
desgnated for the communication zone at the narrowest point. Assuming that both vehicles
are moving exactly in the center of their lane and taking into account their width, it is
not possible for them to collide (Rige1).

Road width
3000 mm

Figure 1 Position of AGV troleys on the communication route of the car assembly hall (technological
audit).
Source:own study based on a technological audit of the FCA car assembly hall

To optimize the operation of the truck, it is recommended to choose a route based
on the route alwt key aspects:

1 route length

9 collision of the route with other AGV trucks

1 traffic volume on the road.

When transporting the car cockpit from the picking site to the assembly station,
it is inevitable to cross the route of AGVs that operate withirhtdigFigure2). In the
presented diagram, the existing rasteombined with the route determining the transport
of the cockpit. This solution simplifies the route and gives the opportunity to move along
the same lines, thanks to which other road wg#ifeel the presence of automated transport
to a lesser extent.
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Regardless of the chosen variant, the routes of vehicles intersect with each other,
which makes it necessary to introduce a security system to prevent simultaneous approach
of vehicles incdlision areasThen none of them will be able to continue driving and
ther out e wi | | be bl o,2R&.d ( Chor oma &EsKk i et al
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Figure 2 Lay-out of a fragment of a car assembly line with marked combined AGV soute
(technological audit)
Sourceown study based on a technological audit of the FCA car assembly hall

2.2. Navigationmethod and vehicle fleet management system

When analyzing AGV control solutions available on the market, spatial control
with the use of mapping of the environment is used more and more often. The use of
navigation based on geolocation and avoiding oketan the assembly hall is difficult
to implement and is not justified from the economic and reliability point of view. The
construction of the hall and the high traffic of vehicles controlled by employees significantly
disturb the autonomous operatiorvehicles. When avoiding obstacles, the vehicle would
have to reverse, which is impossible for multiple bogies. Trolleys connected by joints do
not provide precise control when moving backwards. In the described example, AGVs
use the magnetic tape methad havigation. Magnetic tapes are a durable and damage
resistant material that firmly adheres to a previously-yedpared substrate. Another
advantage of the tapes is resistance to oil stains and other dirtb&apd navigatign
thanks to its high resiance to a large amount of external light, dirt or condensate, works
we |l | in the present22).case (Pgaczek, Osie

Navigation accuraci this case reachesiim. On the chassis of each trolley, there
IS a magnetioavigation sensoi{gure3). This sensor is responsilfta tracking the line
on the floor, whichdetermines the path of the River Systems 2@tficle). The sensor
verifies the deviation of theehicle in relation to the set position, which makes it possible
to precisely set the AGV tley in the line in relation to which it is to move (Puy, 2008).
This sensochecks how far the trolley is from the center of the belt and then sends the
informationto the PLC via the IT bus. The controller, if necessary, corrects the position
by changinghe rotational speed of individual wheels. It is important that the sensor is
located at a distance of aboutr®@ from the floor of the hall.
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Figure 3 Location of the magnetic sensor
SourceWhat are automated quided vehicleR®er Systems2022 retrieved from: https://6river.com
(access10.05.2023

During the passage of the AGV, the magnetic sensor placed on the vehicle must
only supervise the set track. In case of encountering intersections and route junctions on
your way, you need informatiam which route the trolley should choose. RFID technology
was used for this purpose. It was proposed to install Siemens SIMATIC RF310R RFID
readers on board autonomous vehiclesufeéd). This compact size reader, mounted on
the chassis of the AGV trolfehas a maximum range of 188n between the reader and
the tag, which gives you the freedom to read tags glued to the floor. It communicates with
the PLC via the PROFINET communication standard. Siemens 6GT2600 tags are placed
on the floor inappropriateplaces. Their small dimensions and high strength guarantee
proper operation. In addition, each marker is secured with a durable adhesive tape. This
solution is verypractical when heavy equipment enters the hall and there may b@f risk
damage to the ateents. Just peel off the markers and then stick them again in the same
places. The RFID reader is located on the right side of the vehicle at a distancenai 100
from the end of the magnetic sensor. Similarly, RFID tags glued on the right side of the
tapeat a distance of 10€m from its edge.

SIEMENS

SIMATIC

RF 310R SIEMENS

8GT2600-0AE0g

6G72801-0AA00
SN 101129747 .4
s Bl o

S D12g

MOBY p
AS: A

Figure 4 SIEMENS RFID reader and tag
Source:https://adegis.confaccess10.05.2023.
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The PLC program determines the orientation of the sensor to the right edge of the
magneit tape, thanks to which even in the casetaf@out and the appearance of two tape
strips,the sensor will not misinterpret the tratkiless a message about changing the
priority of the sensor readings is sent, the vehicle will always go to the dgatat the
magnetic stri@t the junctions. As a result, it will either continue straight aheaaror
right. Each positioof the tape relative to the sensor is represdmnteddifferent numerical
value,which is interpreted by the PLC to correct thesipon. The main assumption
is that the vehicle should always move along the right edge and, in the case of a specific
data frame contained in the tag, perform the operation assigned to it. Figure 5 shows
a proposal for the location of RFID tags on the¢ap of the car assembly line, and
Table 1 describes their functions.

g ‘ 047

Figure 5 Location of RFID tags (technological audit)
Source:own study based on a technological audit of the FCA car assembly hall
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Thanks to RFID tags, the vehicle recognizesgiven route and the control unit
determines the position of the vehicles and issues a decision on their movement or the need
to stop. RFID tags must be placed in the vicinity of each of the intersections and places

where AGV transport routes connect.drder to effectively manage the movemeht

AGV trolleys in the hall, their mutual communication is neces$anythis purpose, each
of the vehicles was equipped with the Anybus Wireless Bolt deviag€bly The module uses
Bluetooth or WiFi technola@y. It provides a range of up to 100 m and has an Ethernet
connector through which it communicates with the PLC responsible for controlling the AGV

Table 1
List of RFID tags used for the implementation of routes
Tag The analyzed AGV vehicle Task
number

1 Transporting dshboards | Entering collision zone no.1, drive straight ahe
2 Transporting small items | Entering collision zone no.1, drive straight ahe¢
3 Transporting dashboards| Entering collision zone no.2, drive straight ahe
4 Transporting smaitems Entering collision zone no.2
5 All Leaving the collision zone
6 Transporting small items Driving straight ahead
7 Transporting dashboards Destination, Stop
8 Transporting dashboards| Entering collision zone no.3, drive straight ahe
9 Transportng small items Entering collision zone no.3
10 Transporting small items Turn left
11 Transporting small items Destination, stop
12 Transporting small items Collection of empty wagons, Stop
13 Transporting dashboards Place of loading, stop
14 Transporing dashboards Place of loading, stop

Source:own study based on a technological audit of the FCA car assembly hall

Figure & Anybus wireless Bolt module
Sourcehttps://www.anybus.caccess10.05.2023.
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Each dthe trucks must beonstantly within range of the wireless network in order
to send and receive information about the other vehicles in motion. Devices in the network
have a range of up to 16@ Due to various obstacles that reduce the real area atioper
we assume an effective range of 75% ofrtiaximum range valu& access points have
been placed in theroduction hall in such a way that none of the route fragments is beyond
its reach (Figre7). The area of operation of each access point mutliyaoverlap the area
of operation of the neighboring one. AccessPoint devices are placed on the walls of the
hall in places where power cables necessary for their operation can be easily connected.

[/ . . ézl!;'_y.;;—-f;.« ( | |
F‘f R " —
| ; 1 ,',‘ k-,_ l. “‘\\ I _—J

Figure 7. Location of wireless network access gsiwithin the car assembly hall.
Source:own study based on a technological audit of the FCA car assembly hall

In order to ensure the correct operation of the entire infrastructure in which several
trolleys will move, a local PLC acting as a master,a.superior device, has been used
It is connected directly to one of the access points via a network cable. All AGV trucks
communicate with the main controller and he manages their operation in such a way that
the movement is smooth and collisibee.

3. Optimization of a collision-free route using wireless communication controlling
and previewing the route

An HMI panel has been mounted to the PLC controller, which serves as the master
device, displaying an overview view of the route and informatiorherposition of
a specific trolley, battery charge status and operation signaling. In the event of any forklift
failure, emergency stop or low battery level, an employee near the panel will be informed
about this fact by means of a message, a light signahasound signal, the sound and
volume of which depends on the type of notification. Extremely dangerous situations, such
as emergency stop or lack of detection by the magnetic tape sensor, are signaled by a loud
alarm and a flashing red indicator. Lowsrority alarms are indicated in yellow and
a lesdoud signal.

Each vehicle has a button on its housing through which the operator confirms that
all the necessary elements have been loaded on the trolley and can start the transport
journey. At the sameme, the PLC controller mounted on the trolley sends information
about the start to the master controller, hereinafter referred to as the Master. The cart reads
every tag it encounters on its way and performs the information assigned to it, but also
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sendsa data frame contained in the tag. Thanks to this information, the Master knows
the position of individual trolleys and displays it on the panel. When the vehicle enters the
collision zone, the master controller will receive such information. If at thisenbanother
trolley approaches the same zone, the algorithm stored in the controller psmy@sn
information to the trolley about the need to stop. If the first vehicle leaves the calbsien
I.e. its reader registers a specific tag, only thengbergl vehicle will receive permissiand
continue driving. In this case, it is necessary to use an exit tag because the time delay may be
unreliable. For example, when an obstacle in the form of another traffic participant suddenly
appears on the routéet vehicle will not be able to leave the collision zone. Due to the laser
sensors used, there will be no physical collision. The problem arises when both carts detect
an obstacle in the form of the other cart and neither of them will be able to conitmgp dr

A specific process is the transport of small elements to the assembly line. On one
platform there are elements for one car, but they are assembled in different zones of the line
Then the platforms must be separated and each must follow the techidive transported
components belong on the line. When the vehicle transporting small elements to the
assembly line reaches its destination, the hitch connecting the trolley with trolleys will
rise, unfastening the set. When the controller receivesmafioon from the sensor that
the hitch has been lifted, the trolley moves to the place where it receives empty wagons
that have been separated from each other. When the trolley reaches-ilne Ipiktion,
it waits for information whether the empty troltegre ready for collection. The local PLC
controller managing the trolley collection mechanism verifies whether the trolleys are
prepared. If the operation has been performed and the Master has sent information that
the AGV trolley is waiting for them, thalatforms are pushed to the trolley. The vehicle
checks that the hitch is in place and then moves the hitch down. After this operation, the
truck sets off on its way to the place of loadifgg(re 8).

-

Figure 8 AGV trolley with trolleys transportingmsall assembly elements (technological audit)
Source:own study based on a technological audit of the FCA car assembly hall
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In the case of cockpit transpdtte situation is simpler because the trolley is circulating
with the same set of platforms aléttime. Then, each element from the trolley is assembled
on the same station of the line, so there is no need for the transport platform to move together
synchronously with the conveyor transporting the assembled vehicles. Only when all the
boards on thelptforms are taken away, the line employee confirms the possibility of its
departure with a marker on the trolley.

4. Selection of elements responsible for avoiding collisions with AGVs and other road
users

An AGV moving within the working area of other velds and people must be
equipped with systems that ensure safe and predictable operation. The most important
sensor responsibfer safety is théaser sensoFjgure9). The use of such solutions allows
you to increase the speed of the vehicle. The vediaie equipped with the HOKUYO
UAM-05LP-30 device, in the TOF (Timef-Flight) technology, which is based on the
measurement of the time in which the light beam hits the glgaetflected and returns
to the sensor. The maximum detection area is 270€.s€curity zones created by the
scanner allow you to assign actions to a specific zone. If the obstacle is more than 2m
but less than 6m, the vehicle reduces its speed by half. If the obstacle in front of the cart
is between 0.5m and 2m, the speed is 80%e maximum speed. If the sensor detects an
object closer than 0.5m in front of you, it will stop the vehicle until the obstacle is removed

Figure 9 HOKUYO UAM-05LP-301 laser sensor
Source:https://automatykab2b.gaccess10.05.2023.

S

Figure 10. Main safety switch on the AGV (technological audit)
Source:own study based on a technological audit of the FCA car assembly hall
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Another element responsible for safety is the safety switch, which is placed in an
easily accessible place, at the saime in a place that prevents its accidental pressing
The button should be used in dangerous situations, such as loss of control of the vehicle or
breakdown on the production floor. The purpose of the switch is to directly, mechanically
cut off the powesupply to the vehicle, which causes it to stop immediakegu(e 10).

The operation of an autonomous truck should be visible to the environment. For
this reason, the vehicles are equipped with liglitators showing the status of the vehicle
(Figurell). If the vehicle is in motion, it will flaslimber to indicate movement. Each turning
maneuver is signaled by LED lights located in the front of the stroller. Their strong orange
light acts as a turn signal when the vehicle is about to make a tuothlfights are on
continuously, it is a signal that the vehicle will go straight at the intersection. Also, each
emergency situation is visualized by flashing lights similar to emergency lights.

Figure 11 Traffic lights showing the status of the AG¥¢hnological audit)
Sourceiown study based on a technological audit of the FCA car assembly hall
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5. Conclusions

When designing the route, the existing infrastructure of the facility should be taken
into account and efforts should be made to simplify comaation routes.

Selection of reliable and proven solutions available on the market facilitates the
operation and servicing of the entire system.

RFID surveillance is required for junction and junction zones.

Each of the AGVs should be constantly withie tlange of the wireless network
according to the access points of the AccessPoint type with partially overlapping areas
of the adjacent zones.

Despite the development and reliability of wireless communication systems, security
sensors must operate indepently of network access.
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Abstract: DIN 71901:201702 Interference fité Part 1 can be used to verify the quality of a press

fit in an axially loaded cylindrical joint or in torsional moment:l€dation and design rules

for cylindrical selflocking pressfits. The standard also includes geometries for the transitions
between the hub seating and the unloaded contact pressure surface. The article presents the results
of a series of numerical anagsto determine the pressure distribution in the node in question
depending on the variant of the geometric shape of the transition between adjacent cylindrical
surfaces. A solution has been identified to minimize fretting corrosion without increasing the
nominal puskin value. Determining the correct transition geometries and axial projection
values is only possible through finite element method simulation.

Key words: interference fit, press fit, numerical analysis, FEM, contact pressure.

1. Introduction

In rail vehicles, the seating of the wheel on the axle is realized by a press fit. This
joint, under normal operating conditions, is exposed to significant torsional and bending
fatigue loads. Ensuring the required level of safety of the described conneeattbreved
by preventing the occurrence of slippage and plasticization while maintaining the required
value of pressure in thegtact pair. DIN 719@.:201702 indicates the relationship of
the design rules for the transition between the contact presseaend the unloaded
surface.

The purpose of this study is to determine the effect of different configurations of
the transitions between the pressed part and the relieved part on the value and distribution
of pressures in the extreme areas of thdfie conclusions of these considerations may
contribute to the formulation of a criterion for the acceptance of numerical exceedances
in the interference area during wheel calculatiorectcordance with EN 13978.2020.

2. Transition geometries between theantact pressure area and the unloaded surface
according to DIN 71961:201702

The DIN 71901:201702 standard indicates two examples of shaping the axle
journal geometry at the extreme fragments of an interference fit connection, which are
mainly subjectedo cyclic bendingFigure 1shows the optimization of the nature of the
transitionbetween areas of geometry withrying values of diameters. In contr&sgure 2
illustrates the transition in the journal geometry made by undercutting, which should be
used for areas with similar diameter values.

In this work, both theolution in Figure 1 and (in different variants) as well as the
effect of hub axial projection dimension a shown in Figure (2).
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Figure 1 Optimized transition between different diaers (DIN 71961:201702).
SourceDIN 7190-1:201702.
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Figure 2 Example of optimizing the transition by undercutting the journal and projecting the

hub (DIN 71901:201702).
SourceDIN 7190-1:201702

3. Selection of geometric dimensions of the connémt and determination of analysis
variants

In this work, numerical analyses were performed for 15 combinations of variants
of the transition between the deposition and the unloaded surface of the joint in question,
collected in 4 main groups details theogeetric dimensions adopted.

Figure 3 shows the area subject to further consideration by detail A. Figdres 4
show variants of thenalyzed area, divided into groups for which calculations were carried
out using the Finite Element Method.
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Figure 3 Cross section of the analyzed interference fit.
Source:own elaboration

Table 1
Summary of the analyzed variants of the transition between the interfditecmenection and
the unloaded surface

: Dr/Dw r/(De-Dw) Dw r a
Group | Variant [ [ [mm] [mm] [mm]

WO00 1.1 2 174.5 35 0

0 Wo1 1.1 - 174.5 - 0
W02 1 - 192 - 0

W1 1.025 2 187.3 9.4 0

1 W2 1.05 2 182.9 18.2 0
W3 1.15 2 167 50 0

w4 1.2 2 160 64 0

W5 1.1 0.5 174.5 8.8 0

5 W6 1.1 1.25 174.5 21.9 0
W7 1.1 2.75 174.5 48.1 0

W8 1.1 35 174.5 61.3 0

W9 1.1 2 174.5 35 -8

3 W10 1.1 2 174.5 35 -4
W11 1.1 2 174.5 35 4

W12 1.1 2 174.5 35 8

Sourceiown elaboration

Figure 4 Graphic representation of the
variants in group O.
Sourceown elaboration

Figure 5 Graphic representatiasf the
variants in group 1.
Sourceiown elaboration
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NN\

Figure 6 Graphic representation of the Figure 7. Graphic representation of the
variants in group 2. variants in group 3.
Sourceiown elaboration Sourceown elaboration

According to the EN 1320:2020standard, the interference value for the
assumedhominal connection diameter of 192 mm should be in the range of 0.192 mm
to 0.288 mmFor the purposes of the work, a constant value of the insertion of 0.2 mm
was adopted

DIN 7190-1:201702 recommagds fulfilling the following relationships between
transition diameters and the radius for leveling the notch effect.

1

0
, PP o0 O

O
The WO0O variant is an example that meets the above assumptions, which is why it

was adopted as a reference for the remaining combinations of dimensions that were analyzed
in the work in question.

4. Verification of pressure distribution in the longitudinal section of an interference
fit connection

Based on the analyses carried out, the effect of the shape of the geometry of the
transitionbetween diameters on the pressure value in the interference fit conraction
the outer areas of the contact pair was observed. In selected combinations of shaping
the transition geometry, it is possible to exceed the yield strength of the material of the
associated objects. Table 2 contains a summary of the results for thdecedsiases,
including the maximum value of pressure in the contact pair along with the percentage
difference compared to the reference variat00. The highest pressure values were
observed at the edge of the contact
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Table 2
Summary of maximum daiet pressures with percentage difference from the reference variant
Group Variant [lﬁ)/lMs;] lef[tta)/::]ance
W00 76.92 0.00%
0 W01 47.07 -38.80%
W02 76.01 -1.18%
w1 77.09 0.22%
1 W2 76.82 -0.12%
W3 76.91 -0.01%
W4 76.90 -0.03%
W5 58.45 -2401%
W6 75.27 -2.14%
2 W7 77.58 0.86%
W8 77.20 0.37%
W9 76.06 -1.12%
3 W10 76.64 -0.36%
w11l 228.33 196.86%
W12 313.20 307.20%

Sourceiown elaboration

A graphical representation of the maximum pressures is providejure 8
highlighting in geen the values determined for the reference case. Note the significant
pressure increase at the contact edge for cases W11 and W12, where the value of the axial
projection was positive.

350

300

Maximum contact pressure

W00 W01 W02 Wi We W7 W8 W3 W10 Wil W12
Geometry version

=

Figure 8 Maximum contact pressure for all variants.
Source:own elaboration
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Figure9 andFigure 10show the characteristic pressure distributions among all the
examples analyzed. Due to the symmetrical nature of the graph, the results are presented
only for half the length of the interference fit connection.
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Figure 9 Distribution of contact pressure along an interference fit connection. Variants W00,
W01, Whs
Sourceiown elaboration
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Figure 1Q Distribution of contact pressure along an interference fit connection. Variants W00,

W11, wWi2.
Source:own elaboratin.
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The axial projection a, shown in Figure 2 and Figure 7 with a positive value, causes
an increase in the stiffness of the hub, resulting in higher surface pressure at the joint in
thehubedgeardRo manowi cz, ;S$we.e cRi nBOEACIHan effective
methodof preventing fretting corrosion without the need to iaseethe interference
vaueKowal s kKMi, c R0&jl, GJ.# thehabkigprgjectedthHisInethod can
be used for both the diameter change in the transition (Figuaedljhe relief groove
(Figure 2). I n both cases, the follobwing
DIN 7190-1:201702).

The map of the distribution of reduced stresses in the longitudinal section of the
interference fit connection is shown Figure 11, while the distribution of radial
displacementss shown in Figre 12.

Type: Equivalent fvon-hises) Stress
Unit: MPa
Tirne: 13

221,64 Max
197,02

1724

147,78

123,16

03,343

73,923

43,303

24,684
0,063553 Min

Figure 11 Stress distribution in the longitudinal section of an interference fit conneatiant \WO0O.
Sourceiown elaboration

Type: Directional Deformation( dxis)
Unit: rrim
Global Coordinate Systern
Time: 15

0,092476 Max
(080466
0065436
0036446
(0044436
0032426
bald
(0084064
-00036035
-0,015613 Min

Figure 12 Stress distribution ithe longitudinal section of an interference fit connection variant W00
Source:own elaboration
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5. Conclusions

When designing the geometry for seating a wheel on the axle of a wheelset, use
transitions that level the notch effect on the journal surfatealso necessary to ensure
the required value of pressure in the area of the contact edges of the associated objects in
the interference fit. In the case of complex transitions, it is recommended to perform an
FEM analysis is recommended for detailedfication of the stress and pressure distribution
across the joint area.

A tradeoff between reducing interference in the entire joint and ensuring a sufficiently
high contact pressure to prevent fretting corrosion can be found by finite element method
calaulation.

Further research is required in the subject area to create complete acceptance criteria
for areas containing numerical stress concentrations in the zone of compressive action
during wheel calculations in accordance with EN 1397020.
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Abstract: The activity of the municipal transport company is related to the allocation of financial
resources for the implementation of investment projects related to the purchase of means of transport
and thei operation. Making investment decisions requires an assessment of their effectiveness,
which allows for the choice of the most favourable solution among the few assessed. In the
work, based on the analysis of the investment assessment methods usdit&) peathe cost
-benefit analysis (CBA analysis), the analysis of the life cycle cost dr@atysis)selected indicators

with high usefulness in the decisiomakingprocess of purchasing means of transport were
characterized. The CBA analysighich presents an economic approach to assessing efficiency
does not fully take into account one of the most important features of public transport rolling
stock, which is reliability. The LCC analysis can eliminate the above limitations. In the analysis
of theefficiency of projects related to the purchase of public transport rolling stock, it is insufficient
to evaluate the acquisition cost, but an L@t@nted approach is necessary, including maintenance
and operating costs, which constitute a major paxtaf tosts.

Key words: LCC analysis, effectiveness, public transport rolling stock

1. Introduction

The main objective of operating a public transportation company in a competitive
environment is to receive benefits for providing transportation semviteetcity under
the terms and conditions found in contracts defining the tasks of the carrier and the standard
of services offered. The requirements determine the parameters of the vehicles, such as
the requirement for a low floor, passenger informatauatgons, or the ticketing system.
In order to carry out transportation activities, it is necessary to undertake investments related
to the purchase of rolling stock and the provision of adequate technical facilities to maintain
and operate vehicles. Canibus development is also conditioned by the tasks set for modern
enterprises by the country's legal authorities and the European Union. The provisions of the
Public Procurement Law bind investments carried oatdnyicipal transportation companies
It defines the priority directions for procurers, particularly the purchase of innovative or
sustainable services, and indicates the use of the product life cycle cost calculation.

2. Rolling stock investments in public transport

The definition of the concept afvestment in the PWN Lexicon speaks of economic
outlays aimed at introducing new or enlarging existing fixed assets (Kaczorowski, 2004).
Investing involves making expenditures in anticipation of obtaining the desired results, which
always involves risk. Firm the point of view of the impact of investment projects on the
transport potential of a public transportation company, new, replacement, modernization and
development investments can be distinguished. Due to the time of preparation, implementation,
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and se, all rolling stock investments of the municipal transport company can be classified
as longterm investments, characterized by high capital intensity, with a significant impact
on the external environment. This results in the:

1 the length of the calculiai period (covering the entire economic life cycle

of the investment)

T estimati ng f i na nyearbotizonf(for mimng stookungenerad) 1 5

i taking into account changes in the value of mpney

1 accounting for forecast uncertainty.

3. Criteria for evaluating the effectiveness of investments

When selecting the most advantageous investment option, there is a problem of
decisionmaking, which is a complex task or issue that needs to be addressed or resolved.
It arises when the decisionaker (i.e.the entity making the decision) seeks the most desirable
action (decision, option) from among the many actions (decisions, options) that are
permissible Solving (tasks or problems) is a search process leading to finding the right
and accurate solutio@ék, 2005).The assessment of the effectiveness of investments
the rolling stock of public transport is based on the analysis of sets characterized by high
complexity. Tailored analytical methods, which require appropriate preparation and
development ofelevant assessment criteria, are tools to asssslving decisiormaking
problems.

The assessment of the effectiveness of investments related to the collective transport
rolling stock is a calculation carried out for a municipal enterprise, whictiséhe most
advantageous solution from the evaluated ones. It involves performing an efficiency
analysisfor each case and, based on the criterion adopted, making a choice in terms
of costeffectivenessit is essential to limit the analysis only to adpébat are reflected
in a given activity. Based on the conducted research (Szkoda, 2017), the following methods
may be used to assess the effectiveness of investments relditegtwchase of public
transport rolling stock:

1 CostBenefit Analysis

1 Life Cycle Cost Analysis.

The above methods are complementary, the LCC cost analysis allows for finding
the optimal relationship between the costs of acquiring and operating a rail vehicle, while
the benefitcost analysis provides the opportunity to determirdithit expenditures
and safety margins for a given acquisition option.

4. Cost-Benefit Analysis

The costbenefit analysis reflects the economic side of performance evaluation.
Many scientific papers are devoted to this topic. The essence of this methpdri®tm
all calculations using mathematical algorithms, reflecting the financial benefits of given
projects in relation to the required expenditures and future costs.

In the context of a carrier, several variants corresponding to technical requirements
are compared in terms of decision indicators which are:
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1 Payback Period (PP), or the time after which the benefits of implementation
will offset the outlay, in simple terms:

0'OB 00 (1)

where:

0 "© the value of investment expenditures incurred

0 G the value of annual financial surpluses from the implementation of the

project

O mipkBREit he consecutive year of the ca
Jachna, 1994).

1 net present value (NPV), i.e. the discount method corresponding to the sum of
differences between benefits and expenditures for each year of the calculation
period, discounted at the time of commencement of the investment. For arsituatio
where the entire expenditure is incurred in the first year of the investment,
the indicator is calculated according to:

00wB & 6 BO 0 (2)
where:
0 1 thetotal value of benefits in year
0 1 the total value of expenditures in year
U T investment expenditures

00 1 discount factor for subsequent years of the calculgi@riod (appropriate
for the adopted interest rate level)

O mipkBREit he consecutive year of the ca
Jachna, 1994).

1 Internal Rate of Return (IRR), which is the discount rate at whicimeéhe
present value is zero:
B —— B —— 3
where:

0 "OUi total expenditure of year t
0 "O0cash inflows in year t (Dyr, KozubgR013).
1 BenefitCost Ratio (B/C Ratio), i.e. the profitability ratiwwhich is the quotient
of the discounted benefits from the adopted calculation period and the discounted

values of the total costs of a given project. It is calculated according to the
formula:

00— 4)
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where:
0 "OUi total expenditure of yedr
0 "O'0cash inflows in yead
1 T discount rat¢Dyr, Kozubek, 2013).

Based on the analysis of the calculated indicator values, we receive information on
the investment'srpfitability, neutrality or unprofitability. The codtenefit analysis, which
presents an economic approach to assessing the effectiveness of projects related to shaping
the transport capacity potential, has significant limitations:

1 itrequires a comprehsive database of financial inputs necessary in forecasting
elements of the profitability calculation, such as sources of financing, working
capital requirements, depreciation costs, capital expenditures necessary to create
a given investment, costs of dperation, and benefits associated with a given
project, which must be expressed in monetary units over the years of the inyestment

1 inview of widely acceptestandard methoder forecasting the cost of operating
public transportation assets over a ekt long existence cycle, heuristic
methods are used in cdstnefit analysis. Their basis is a qualitative evaluation
of facts, intuition, and the experts' individual association scheme being a kind
of cognition and prediction algorithm,

1 in these methds, the prediction of the future is not an extrapolation of the
regularities detected in the past, but the forecasting of possible variants of the
development of phenomena and presentation of the most realistic variants,
which affects the time&onsuming ésmation of input data,

9 according to the recommendations of the World Bank and the United Nations
Industrial Development Organization (UNIDO), the estimation of performance
indicators at the stage of the feasibility study should be made with an accuracy
of N3 0%, i-fneadiebiplriety study this toleran
of the final wversion of the project i
of rolling stock projects characterized by very high capital expenditures, this
Is too large a rgin of error, unacceptable to transport companies.

The costbenefit analysis also has limitations due to its inability to fully take into
account one of the most important characteristics of transportation assets, which is reliability
as characterized BRAMS (Reliability, Availability, Maintainability Safety) characteristics
In order to take this aspect into account, life cycle cost (LCC) analysis can be used, which
reflects the engineering approach to assessing the effectiveness of investments

5. Life cycle cost analysis

In the analysis of the effectiveness of undertakings related to the purchase or
modernization of means of public transport, it is not sufficient to assess the acquisition
costs, but an LC@riented approach is necessary, including &gy costs (maintenance
and use). The work carried out showed that the share of operating costs exceeds 65% of
total costs, constituting an essential part of LCC. The research work performed also
indicates the need to include energy consumption costeih€C model of public
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transportation modes, and in the case of conventionally powered buses, fuel costs and
environmental impact costs. Theservice fuel consumption is a baseline figure for
determining the energy consumption of a vehicle powered lnytamal combustion

engine, and in some cases, it can be used to determine the cost of CO2 emissions and the
cost of pollutant emissions over the life of the vehicle. Figure 1 shows the share of energy
costs in the LCC of a tram over a-8@ar period of opration. The price of electricity

was adopted in accordance with the provisions of the Act on Freezing Electricity Prices,
according to which the maximum price of electricity in 2023 for local governments, utility
customers and companies is 0.785 [PLN/k\WTHhle graph shows that the share of energy
costs is approximately 23.5% of the total costs.

Cost (PLN)
120%
100%
= KBT
80% == KNA
== KCZ
60%- =3 KBG
— KWM
40% == KZE
== KOT
20% == KN
0%
tram, variant 1=0

Figure 1 LCC structure of a tram in 30 years of operation.

Symbols: KNi acquisition costs, KOT m aintenance costs, KEelectricity consumption costs, KWM
T motormen's wages, KCZvehicle cleaning costs, KBGlack-of-readiness costs, KNAemergency
repair costs, KBT technical testing costs

Sourceiown elaboration

Figure 1, based on the requirements of theBHNN603003-3:201707 standard,
presents thprocedure for assessing the efficiency of public transport rolling stock using
LCC. For a detailed description of the various stages, see Szkoda (2017)fitstthe
stage, assumptions and inplatta are developed that relate to the design features of the
vehicle, operating conditions and maintenance requirements. This stage also identifies
the analysis objectives regarding evaluating the costs of the vehicle's operating phase,
identifying dominant costs, or determining costs that affect LCC the mosmnétie
step is to perform the RAMS reliability analysighe indicators taken into account
depending on the degree of detail adopted include, among others: technical readiness A,
expected mean time to failure MTTF, and expected mean time between failurés MTB
as above.
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Stage 1

Input data, objectives of the analysis
~ Identification of the analysed means of transport (tram, bus)
~ Underlying assumptions of the analysis

— Gathering source materials and input data
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Stage 2
|

- Analysis of operational data
- Defining probability distribution models — time to failure and time to
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- Defining selected reliability, availability, maintainability and safety
_characteristics and ratios/indicators

A

LCC Model Development

Stage 3

—~ LCC Model based on life cycle phases
-~ LCC model based on acquisition costs, operation and maintenance

costs, disposal costs e

LCC Model Analysis

Stage 4

— Calculation of cost components included in LCC model

— Determining LCC for analysed variants

— Inaccuracy assessment of obtained results (sensitivity analysis,
probabilistic risk assessment)

A 4

Results presentation and review

- Review of underlying assumptions, input data, LCC model and By

analysis
- Presentation of results, including: total costs, distribution of LCC in
life cycle, LCC structure, dominant costs, unit costs
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Figure 2 LCC calculation procedure for collective transport rolling stock
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Features characterizing vehicle reliability are essential for building a cost model and
impactvehicle operating costs the mokte ability to identify the cost of unserviceability
of a public transportation fleet vehicle is one of the advantages of LCC analysis, as it
allows for capturing the relationship between losses and the unreliability teditity.

The third stage involves a simplified representation of reality, i.e. converting the assumed
characteristics into numbers representing costs.

Assumptions from previous stages and various usage and maintenance scenarios
are taken into accoungte to guarantee the created model's realistic nature. It is necessary
to ensure the model's simplicity, which will allow it to be easily understood and used.
During the development of the model, cgbiaring structures, vehicle allocation and
esitmation d cost elements and parameters are used. The first structure carfisists
acquisition, ownership and liquidation costs, which are divided until a form of value
that cannot be expressed as a sum of costs is obtained. It is defined using mathematical
formulasthat include parameters of labauntensity or values of mahour costs of repairs
A vehicle breakdown structure is one that allows the durability of a structure's life cycle
to be reflected in the costs and phases. This approach guarantees thateamtsethat
have a significant impact on the model are included in the model

This approach is outlined in the US Ministry's program (1986) and in the EN
603003-3:201707 standard. In the next stage of the analysis, all the included cost elements
are calclated and dominants are identified. It is also recommended to perform a sensitivity
analysis of the impact of dominant costs and reliability parameters on LCC. The fifth
stage includes the analysis of the results by verifying the fulfillment of the puapdse
scope of the analysis, as well as checking the assumptions and matching the model to the
purpose of the analysis. Corrections should be made if any inaccuracies are found. The final
stage consists in verifying the model using data from actual opeie performing
the appropriate analysis. Usingservice data, an assessment is made of the correctness
and accuracy of the model's calculations, which can provide a basis for verifying the
veracityof the vehicle manufacturer's assumptions

6. Conclusiors

The presented concept of using indicators in the framework of analyzing the
effectiveness of rollingtock investments in public transport is described in general,terms
as it is more complex in practice. The method of calculating the basic elemems of t
efficiency account requires accuracy in identifying costs and effects for each of the analyzed
options. Correctly conducting the analysis guarantees a helpful tool in the context of
evaluating the effectiveness of purchasing investments in public tramsjing stock.
Furthermore, it allows decisiemaking for facilities characterized by a high complexity
of variables affecting the operation of a municipal enterprise.
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Abstract: Health security requires persistent supply of hospital services. It may also require hospitals
to branch out. During the epidemic crisis, the efficiency of logistics management influences directly
health security of patients and medistff.

Key words: healthcare, COVIEL9, logistics of crisis situations, supply chain

1. Introduction

First reports about COVIEL9 cases were taken public at the end of 2019. While
viruswas spreading all over the world, people and global organizationdeenening
increasingly concerned about the health security. The escalation of a problem made
COVID-19 one of the most serious global health challenges. Ca&lIvas declared
pandemic (Cetinkale, Aydin, 2023). It was qualify as one of the biggest glob#i hea
dangers. The impact t¥ing in constant threat on the society and individuals is shown
i n Masl owbés Hierarchy of Needs. Hi s hi et
should be satisfied right after physiological needs and before love and bgloegis.
Epidemiological risk is a crisis. It causes lots of restrictions in daily living. The sense of
safety is shaken by labour market destabilization, limited access to resources and anxiety
over the health. During the crisis people are worriedaboatt r and t hei r f a
No one knows how the new threat works. Everybody is afraid of the consequences of the
problem escalation (Ryan, Coppola, Canyon, Brickhouse, Swienton, 2020). Medical facilities
and emergency services play a key role in @ngunealth security. Special emphasis
should be placed on the proper cooperation of hospitals and emergency medical services.

2. Hospital logistics in crisis

A crisis situation is defined as a state of real medical hazard and risk of property
damage. It irdrferes the value hierarchy and interests of society. The feature of the crisis
Is the initial loss of control. If actions are not taken, the problem escalates (Zdrodowski,
2014). It is required to implement additional logistics activities to counteracrisis.
It is not possible to define what actions should be taken in each crisis. They are specific and
adjusted to the type of the threat. Logistics activities in a crisis should embrace supply,
transport and different types of services, including nediervices. Regardless of the
type of threat, the main objective of <cr
and meet their basic needs (Mroczko, 2016).

Hospitals play a crucial role in supplyroédical services. They participate in remgv
health effects of the crisis. Hospitals algokind of the logistics centres. They hold lots
of logistics activities, such as material and people transportation, storage, supplying
supply of servi ces Hpsgitla dpsratehithe fdlowing dareas |, 20
(D e mb i -GBsak, 2005)
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1 inventory managemeiitordering, taking deliveries, control over stock levels,

choosing the inventory methqgds
1 transport managemenpatients transport, management of the flow of people

in hospital, managemeat the products transport at the facijity
1 management of the products distribution at the facility, choosing the distribution
strategy
locating patients on the wards
management of other processes, such as sterilization of materials, laundering,
food marmgement etc.

The occurrence of a crisis forces medical facilities down to execute all this processes

in particular conditions. It is also often required to extend the range of activity.

T
T

3. Logistics activities of the X Hospital in crisis

The COVID-19 pandena posed many challenges to the logistics organization of the
X hospital. In new, uncertain reality, it was necessary to get to grips with unknown disease
Every day there was more and more patients who required the treatment. Simultaneously
there was lessf medical staff, for instance because of quarantine. Some changes in the
hospital activities arose not only from executive cadre decisions, but also from the imposed
guidelines.

The aim of the article is to shawme oflogistics activities that were denn the
beginning of the COVIEL9 pandemic. Authors put special emphasis on transport, supply
and distribution.

4. Works and external transport

To precisely characterize changes that were done during the epidemiological risk,
authors divided transport intawo areas works and external. External transport involves
transporting patient to the hospit#orks transport includes management of fioes
of people at the facility.

The main challenge of external transport was to split patients up into two groups.
First group could be transported straight into the Emergency Department. The second
group consisted of patients with suspicion or recognition of COYADIt was crucial
to shut COVID19 patients off from the other patients. Areas of the highest riskusf vi
transfer were designated. They were emergency department wattmgand ambulance
ramp. To minimize the risk, the route of ambulances was changed. COV/fiatient
was transported straight inkgpadded roomThen the ambulance was parked up in the
named parking lot and sterilized. Hospital also took care of the ambulance team safety.
There was designated the place for disinf

The place was divided into three zakmes. F
contaminated work suit off. Second fisanit e
The | ast A cdedicatedo puizon mew clothass Figure 1 shows the layout of

the zones in the disinfection area.
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"Clean" "Sanitary" "Contamined"
zone zone zone

e e

Legend:

<«—— flow direction

Figure 1 The layout of the zones the disinfection area
Sourceiown elaboration

Regulating the flow of people in hospital was very important issue in the context
of ensuring the safety of patients and medical staff. Restrictions included both the change
of haul roads and the numberpdople, who were in each area at the same time. Main
activities involved ljttps://www.szpitallimanowa.pl/, access: 01.04.2023)

1 designation separate external entrances for patients with suspicion or

recognition of COVID19,

1 limitation of the uncontrolledccess to the hospital by closing raontrolled

side entrances

1 putting contactless temperature measurement gate and hand disinfection stations

at entrance dooys

1 mounting combination locks and entry phones on interior doors on the hospital

premises

1 demaking zones in the casualty department according tatwn guidelines

T red for patients with suspicion of COWAI® with symptoms, yellow for patients
with suspicion of COVIBR19 without symptoms and green for other patients.
For ease of orientation in @es, coloristic floor markings were made.

5. Supply and distribution

The aim of the medicines flow management in the hospital is to provide the patient
availability of appropriate medicines in the shortest possible time. Medicines supply and
distribution maagement starts at the time of ordering products from the supplier. It also
includes delivery to the hospital pharmacy, storage and the distribution in the facility to
wards. The process ends when the patient gets the drug (Rosiek, 2008).
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In the context bpandemic as a crisis situation, the main challenge for the hospital
was to provide the continuity sfipply, despite the limited availability of produc&nerating
high stock levels was not possible, because of the short expiration date of most drugs.
In the beginning purchasing strategies were often changing. It was not possible to choose
one sure strategy, because of the fluid situation on the supply market. It was essential to
control the availability of products on the market every step of the Megticines had
to be ordered suitably early before the end of stock and it was necessary to register and
analyzedrug consumption. It supported drug supply planning and changing the way of
the management.

A pull distribution strategy was adopted. The deijnvmedicines from the pharmacy
toawardwas initiated when the ward made the order electronically. In that, it was possible
to maintain possibly minimal stock levels. That way, it was also easier to monitor the
demand and to forecast drugs consump@@tause of the short expiration date of most
medicines, First In First Out strategy was applied.

6. Conclusions

The main goal of the hospital activity during the pandemic was to save lives and
satisfy basic needs dhe society. It was possible only with aninterrupted work of
medical facilities. Logistics activities were focused primarily on guaranteeing availability
of medicines, necessary products and the continuity of services. It was constricted because
of multiplerestrictions and variability of epidemsituation. Only capable organization
of all processes allowed the realization of medical procedures. As always in medical
sector, the high quality of services had to remain.

It is not possible to compare activities that are taken during the crisisheith t
decisions made during the normal stBtgnamic changes during the crisis involve making
rapid decisions. Wrong decisions can lead to the escalation of the problem. During the
crisis actions should be rated only in the context of situation. In mos tessuccess
means here, that the probleid not escalate and the negative effects are minimal or did
not occur.
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Abstract: The article presents data on fuel consumption of diesel locomotives during operation
in normal vehicle shunting conditions on the example of ORION Kolej diesel locomotives. The
fuel consumption of the SM 42 locomotive modernized to the 6Dm type was compared to the
SM 42 locomotive without modernization. The results were developed usindgrdatdhe
system for monitoring the operating parameters of the internal combustion engined&wV/|
developed for ORION Kolej specifically for rail vehicles

Key words: diesel locomotives, parameters monitoring, fuel consumption, modernization

1. Introduct ion

Satellite navigation is widely and successfully used in various areas of life. Vehicles
navigated on electronic dmoard maps, controlled precisely from the place of loading
to the place of delivery, portable computers equipped with telephone diesciath
notebooks of people's location save a lot of time and energy (Co2608.

With the development of communication, information technology and satellite
navigation, it is now possible to use integrated services that allow continuous location
vehicles, checking the condition of loads and their automatic monitoring. Insurance
companies even require carriers to adapt their means of transport to ensure the safety of
valuable goods and drivers. Mobile (radio) communication for monitoring is an importan
component of a successful fleet management system. Positioning systems (navigation)
enable the observation and tracking of vehicle routes in real time and, if necessary, changes
in strategy and vehicle routes. Continuous monitoring provides valuabtenation in
the event of robberies, thefts, changes in logistics decisions and unforeseen traffic disruptions
The main user of positioning services is the transport industry, including rail transport,
where such information brings measurable benefitsa@dmpany's financial result.

An additional advantage in equipping vehicles with a navigation system, more
often called the vehicle operating parameters monitoring system is:

1 full control of the operation of vehicles in real time, settlement of the actual
working time of train drivers, settlement of traction teams from the tasks
performed, capture of employees' abuse in the field of improper operation
recordingof employees' working time

1 fuel control, reports the actual fuel consumption to the spesitediard (created
based on operating paramejersnonitoring of places where work was carried
out- map of vehicle travel

1 visualizations of the work done on a detaitkgital map of the area,

The purpose of the implementation of the vehicle monitpsiystem is broadly
understood control of the functioning of the park vehicles and employees. Control of
operating parameters allows yourtluence and eliminate improper engine maintenance
for example, during the period covered by the warranty afpaine
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2. Description of the NAVI-CAR LOKO vehicle monitoring system.

The locomotive operating parameters monitoring system was developed based
on the guidelines and requirements of the railway carrier, F.H.U. ORION Railway. It is
based on the NaviCar Lys GR&et management system offered by the Polish company
Navi-Soft. 1). The heart of the system is the-&PS2LOCO recorder. The device was
expandedeveral times and today there are over a hundred such recorders in the final
version. The whole is based@standard GPS recorder by N&waft, in the NVGPS2Voice
and NV3 versions, it has an extensive measurement system and an emergency power source.

The NV-GPS2LOCO recorder is a device dedicated to monitoring the operating
parameters of a locomotive engin

In the standard dedicated version, the device provides data from GPS (time,,position
speed, direction) and additionally from external sensors:
water temperature
oil temperaturg
oil pressure
fuel level from digital fuel probes (upper tank, lovaid, optional tank additional)
engine speed
the working status of the first and second fuel pumps
webasto coolant heater working status
measuring the current from the traction motor
measuring the voltage of the main generator

Operator relay station E E
an ~ P
i
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(position \ /

determination) i E

Inquiry
(SMS, WAP, Internet)

CM Server

Figure 1 Block layout of the GPS monitoring system
SourceANy kor zyst ani e satelitarnego systemu GPS do n
i maszyn w rolnictwinlWyniPer iKi2®Ralnnicckzia, 24011,
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The whole is powered from the locomotive's baéeri110V DC input), it has
a charging system 24V buffer battery, the inputs are galvanically isolated from the locomotive
installation. The standard software of the NaviCar vehicle monitoring system with a slightly
more extensive reporting part is useddsualizatiori this allows you to detect undesirable
situations, e.g. low oil pressure, incorrect start and stop of the internal combustion engine
long-term operation in gear idle and many others. The NawGfware, thanks to its
universality, allowsou todefining many conditions and evenian example of the definition

of "bad start" is the detection of an event when any of the conditions is met: water temperature

| ower than 36AC, oil temperature | @ower
pre-priming pump detection of the presented evewof great importance in the event of
a failure of the pistorwonnecting rod system of tle@gine seizing, in order to know the
cause and persomssponsible, and in the case of the warranty periodeo¥¢hicle, an
allocation of repair costs.

The NAVI-CAR 2 system consists of:
GPSNV-GPS2LOCO signal recorder
Quadband GSM module (GPRS, SMS, auglio)
66 channel GPS receiver;
internal GPS antenna;
external GPS antenna (optional);
1 MB nonvolatile memory (e.g. to store 50,000 GPS data recprds)
sensors and transducers of operating parameters

The ORION Kolej company equips the locomotives it operates with recorders for
monitoring operating parameters, as well as vehicles that are in the waeaotyaiter
periodic repairgNaviSoft technical materials navisoft.pl/elektronika)

=2 242992

3. Characteristics of the compared vehicles

The first locomotive subjected to observation is the SM42 series locomotive, side
number 2600. This locomotive, produced in ylears 19661990 of the 20th centuyy
has beemised to this day, it is equipped with a power generator with an a8C22 engine
manufactured by HCP Pozna® (Figure 2).

series of diesel locomotives used in Poland by railway carriers as well as operators of

railway sidings in industrial plants.

T |

Figure 2. ABC22 internal combustion egln
Source:own elaboration
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It is a shunting diesel locomotive with an electric transmission with the Bo Be"
axle system and the following traction parametersufeig):
Locomotive power 554 kW (800 HP)

Vehicle weight 74

max. speed 90 km/h

Traction face- 228 kN

Combustion engine type HCP a8C22/, cat. 50%
Engine speed 1000 rpm

Specific fuel consumption 225 g/kWh

Piston diameter 220 mm)

Piston stroke 270 mm

Aggregate weight 7,400 kg + 4,000 kg 12,000 kg

=4 =4 =4 =4 -85 _-48_49_49_-°5

AN
[y

I N INGWET e e

DIGAS | =

Figure 3. Diesel bcomotive series SM42 (6D/6Da)
Source:own elaboration

Figure 4 Modernized 6Dr¥01 locomotive
Source:own elaboration
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The second vehicle is the SM42 locomotive comprehensively modernized by the
"ORION Kolej" company. This modernization versiomigrked with the 6Dmype
(Figure 4) with an asynchronous main generator, replacing the control system with
microprocessor ones, changing the equipment of the driver's cab and engine compartments

3.1. Scope of modernization of the 6Dm vehicle

The entiremechanical part of the locomotive was modernized. The elements used
subjected to major repair, are a completely rebuilt locomotive mainstay, 1LNa bogies
and traction motors. A completely new construction of the driver's cabin, machinery
compartments housy the power generator and auxiliary devices was made. The power
generator consists of a CAT-Z7 combustion engine (Figure 5), a main generator and
an auxiliary generator. The locomotive has a microprocessor contreskamsystem
board layout brakediesetelectric transmission of the locomotive alternating current
direct currentBuilt-in traffic safety devices include the following systems:

1 Active deadman system

1 SHP automatic train braking system with Ra8top system

1 Fire detection and extguishing systemn

1 Radio communication with the GMRB system

1 TTV monitoring system.

The locomotive is also equipped with a GPS vehicle location system together with
the system monitoring of fuel consumption, internal combustion engine operating pasamet
vehicle load, vehicle diagnostic and protection systems implemented by a microprocessor
controller, electronic tachograph.

The locomotive has atonditioning of the driver's cabin, social equipment, which
includes a refrigerator, electric heatingtpl washbasin, a spacious wardrobe, a diagnostic
monitor, springloaded parking brake.

el ——

__ ORION Kolej

6)m-01

: B ;- s . L Een
Figure 5. The modernized SM42 (6Dm) locomotive during homologation.tests
Sourceiown elaboration
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3.2. Driver's cabin

The structure of the driver's cab is madesiafel profiles and is placed on the
locomotive's underframe with four mealbber elements. This solution eliminates
vibrations from driving and the internal combustion engine. The entrance to the cabin
leads from the platforms and is located on botlesiof the vehicle. The width of the
cabin has been increased. The side walls feature moderapapd sliding windows
with gluedin panes. Thavindshields are equipped with a heating system. Thermal and
acoustic insulation in the form of n@ombustible nmeral wool has been built in the cavities
of the walls and ceiling of the cabin. All internal walls, ceiling and both desks are lined
with aesthetic elements (panels) made of-fl@mmable polyester resinkigure 6).

Figure 6. The interior of the 6DNORION Kolej driver's cab
Sourceown elaboration

The driver's cab is equipped with two ergonomic driver's desks, which enable
driving in a given direction, as well as, after folding the seat, operation from a standing
position, which is required dugnmanoeuvres.

Figure 7. Desktop of the 6Dm 01 locomotive
Source:own elaboration
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A diagnostic panel, a drive and brake controller, and pressure gauges have been
mounted on the dashboards braking system, a radiotelephone and buttons and devices
necesary to operate the locomotive. By The design of the desktop was guided by the
principle to place only the necessary devices on the desktop, and not them the location
was in accordance with the principles of ergononfaguie 7).

In the driver's cab therns also a lowvoltage electrical cabinet panel, a fuel
consumption monitoring terminal. The locomotive can be driven by one person switches
for operating the internal combustion engine, parking brakereiftection switch were
installed.

3.3. Generato

The power generator installed on the locomotive consists of a C27 C27 diesel engine,
an EMIT GTds 400 M4€3 asynchronous main generator, and a 3x400 V auxiliary
generator rubber on the locomotive underframe-&ttoke, turbocharged it's the engine
Is CAT internal combustion Engir@27 controlled fuel injection, usingth unit injectors
Engine electronically complies with air cooling STAGE IlIA emissions, and its fuel
consumption is 198 g/kWh. The main generator is an alternating current machine with
two bearings connected by a flange to the housing of the internal combustion engine's
flywheel. An auxiliary generator is mounted on the generator standards driven by a belt
drive (Figure 8). Diagram of the power generator of the modernized 6Dm locomotive.
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Figure 8. Diagram of the power generator of the modernized 6Dm locomotive.
Sourceown elaboration

3.4.Locomaotive control

The locomotive is controlled by a microprocessor controller which regulates the
excitation of the main generator, controls the apen of the air compressor, cooperates
with the electronic ECM regulator of the internal combustion engine, automatically switches
on the traction motahunting system after exceeding the set driving parameters, performs
automatic control and eliminatiocof wheel slip, performs operation of the systems
protecting the operation of the locomotive and the internal combustion engine
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Figure 9. Chart of fuel consumption of the CAT C27 internal combustion engine
Sourceown elaboration

4. The course of compaeative vehicle tests

A comparative study of fuel consumption was carried out on two diesel locomotives
T the first of the SM42 2600 serié¢sa vehicle without modernization, the second is
amodernized 6Dr®1locomotive. The vehicles were operated at thesimalling yard
of the Nort hembmO and atthe port cG@dsnE&sWorking conditions
involving maneuvers when assembling freight trains, on the same horizontal profile within
the marshalling yard tracks.

N >
N\ e

N 2
.\\
* fBm  IChm BAMm TCNm  100Am 18An

Figure 10. View of the locomotivevorking time in the GPS NAVCAR system
Sourceown elaboration

When comparing, the work of vehicles was averaged over one month by checking
andcomparing working (driving) times, stopping times, fuel consumption. In everyday
work, it is impossible tgperfectly match and compare work cyciegriving, stopping,
shunting work, but in the long term, e.g. one month, you can approximately estimate the
consumption and costs of vehicle operation (Féeg10-11).
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Figure11. An example of the vehicle's wot&fv based on the NAVCAR program.
Source:own elaboration

The tables below contain a summary of work in individual weeks of May 2023 for
the modernized 6Df1 locomotive (able 1) and the SM42 2600 locomotive without
modernization (Tale2).

For compaison, in May 2023, the SM42 2600 locomotive covered a distance of
624 kilometers, consuming 3,544 liters of fuel, while the 8lntocomotive, for a distance
of 625 kilometers, consumed 1,982 liters of fuel, which is about 30% savings on fuel costs

per monh.
Tablel

Summary of the operation of the 6B@1 locomotive saved in the GPS NASAR system

Summary of fuel consumption during shunting work
for the modernized 6DmO01 locomotive
Date Date Date .
May 01-07, 2@3 | May 08-14, 2023 May 15-23, 2023 | COmments:
Stops [h] 147 184 190
Ride 20.11 8 25
Distance traveled 228.7 77 318
Fuel Burned [1] 803 295 884
Fuel consumptiofil/100km] 351 382 278
Average speed 17.1 12 16
max. speed 58 30 46

Sourceiown elaboration

Table2

Summary of operatioof the SM422600 locomotive saved in the GPS NADAR system

Summary of fuel consumption during shunting work
for the modernized 6Dm01 locomotive
Date Date Date .
May 01-07, 2023 May 08-14, 2023 | May 15-23, 2023 comments:
Stops [h] 140 174 184
Ride 27 17 31
Distance traveled 343 226 346
Fuel Burned [1] 1,128 1,010 1,406
Fuel consumption [1/100km 328 446 405
Average speed 14.6 15 12
max. speed 45 53 40

Sourceiown elaboration
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5. Conclusions

The comparison of fuel consumption and operatowgs of a modernized locomotive
presented in this article in relation to a vehicle not subjected to modernization in a broader
sense, not only showing fuel consumption, but also oil costs and costofg maintenance
clearly indicates the directidhat operators of shunting diesel locomotives should take.
These solutions show the way to be followed, the aim of which is to eliminate old fuel
-consuming and not ecological railway traction vehictzkoda2011)

100.0%

22.0%

75.0% — L Rl

50.0%

25.0%

0.0%

Engine Preventive Ongoing

Fuel costs : . .
oil costs maintenance costs maintenance costs

Figure 12. Savings of selectechpameters of the 6Dm locomotive after modernization
Sourceiown elaboration

Modernization of the vehicle in the 6Dm variant is related not only to only in the
replacement of the power generator, which improves fuel and oil consumption and reduces
the emission of pollutants to the environment, but also in changing the shape of the external
appearance of the vehicle, which improves the safety of maneuvering workefrpving
visibility, ergonomics of the service stéafby eliminating vibrations, sodi@quipment
of the driver's cabin, ehoard diagnostics. In addition, when using the GPS system on
locomotives, any deviation from the average of the accepted standard may be a signal for
undesirable seizure interventions to eliminate faults in locomstisgems, increased
wear and even fuel consumption.
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Abstract: Modern compar@s operate in a highly volatile environment. To grow, they need to
constantly improve their operations and adapt to dynamically changing conditions. The 5S
system is one of the basic tools of lean management and is one of the best workplace organization
practices. It is based on standardization and constant attention to the workplace. The aim of the
study was to analyze the stagésnplementing the 58ystem in a selected area of a manufacturing
enterprise. For the pilonhplementation of the system, ooithe production stages was selected

which is the assembly of door finishing components, according to a previously developed production
order. In the course of the analysis, a 5S implementation strategy was developed, consisting of
6 stages: conductingatning for employeegprming an implementaticieam; analyzing workstations
developing a layout; preparing health and safety boards; and implementing 5S. Implementation
of the method with 5S in the organization required a high level of involvemeheofiployees

at a relatively low financial codts implementation brought tangible benefits in a short time. Work

at the posts became comfortable for employees, better organized and more efficient. The analyzed
case shows that the implementation of the#$em also improves on the atmosphere at work.

It creates rules for the organizatiortted enterprise arstandards of work that increase productivity

and influences the provision of safe and ergonomic working conditions. It can also be seen
as afoundation for the introduction of further improvements such as SMED, Kanban and TPM.
Key words: 5S system, lean manufacturing, production, workstation

1. Introduction

Modern companies operate in a highly volatile environment. The development of
companies thefere requires continuous improvement and adaptation to dynamically
changing conditions. One method geared towards continuous improvement is the 5S
method. It is mainly used to improve workplaces in production processes, although it is
also applicable to ber industries. The 5S method is the result of years of practice and
experience of leading Japanese companies. It focuses on improving quality, productivity
work streamlining, safety and management, which can contribute to solving many work
organisation pblems. Used effectively, it can become an important part of the visual
inspection process that helps implement lean manufacturing principles. It contributes to
eliminating waste, streamlining processes and reducing unnecessary activities. The method
idertifies many hitherto unnoticed and hidden problems in the company. More narrowly,
it refers to standards for keeping the workplace tidy (Czerska, 2014; Iranmanesh, Zailani,
Hyun, Ali, Kim, 2019; Gazicki, 2010; Paca

The 5S methot based on five principles, the first letters of which are the origin
of the method's name (Wolniak, 2013):

1. Sorting (jap. seiri) it consists in organizing items in the workplace and eliminating
theunnecessargnes
2. Systematics (jap. seitoin)it consids inarranging tools or components in a way
that makes it easy to do the job. Everything should have its place, and the tools
and items that are used most often should be easily accessible.
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3. Cleaning (jap. seisa)it involves keeping the workplace cleamdaidy. Regular
cleaning helps to keep things tidy and minimise the risk of accidents.

4. Standardisation (jap. seiketsu)it involves the introduction of standards and
procedures for order and work. Standardisation ensures that every employee knows
what todo and how to do it.

5. Selkdiscipline (jap. shitsuké)it consists in maintaining and continuously improving
the standards introduced. It requires the commitment and responsibility of each
employee for the state tieirworkplace.

2. The process of implemeting the 5S method in a selected compariycase study

The aim of the research was to analyse stages of implementing the 5S system in
a selected area of a production company.

The analysed company is | ocated in the
as a large enterprise in the manufacturing sector. The company manufactures products used
in the construction industry, which are sold throughout Europe. All of the company's
products have mandatory, indusspecific certificates. In addition, the compydras
implementedjuality and occupational health and safety management systems in accordance
with 1ISO 9001:2015 and ISO 45001:2018.

Table 1

Stages of 5S implementation

N o | mpl ement ati Purpose of each
1 Conducting emjlncreasing staff awar

onetbS system,cooperation.

Creation of arAppointment of a brig
‘'t eam. i mpl ementing the syst

Locating steps or yprkoi

3./Conducting a of waste.

Wor kpl ace visualisati (

4 . /Layout develolthe 5S system.

5 1Increasin safet
‘"Thealth and saf g y-
: | mpl ement ation of ¢$Whet
6. Introduction (.1 caning, standai@isal
SourPece®j ekt koncepcyjny Wdr~00enia syst egmuA.5 B uvwg aw yal
2023, praca&ydypbgmolwak I nUynieryjnych ANS w Now

Based on the audit, it was concluded that there was a need for changes in the
company tomprove and maintain good organisation of workstations, according to the
5S method. For the pilot implementation of the system, one of the production stages was
selected, which is the assembly of door finishing components, according to a previously
developd production order. In the course of the analysis, a 5S implementation strategy
was developed, consisting of six stages (Table 1).
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In the first stage of implementation, as part of the planned training, employees were
introducedo the 5S method. The traing was extended to all employees of the analysed
area.

In the next step, an implementation team was formed to pilot the introduction
of the 5S system. This was followed by an analysis of the workstations in the selected
department. A layout was drawn uptbé production hall covered by the implemented
system (Figure 1).

Legend to Figurd

Colour Objects and places of marking

Doors and frames for further production

Waste, space for nezompliant product

Workbenches, rotating trolleys, building Mianitation
frame

Raw material racks and finished product racks

Product awaiting further processing

Finished product
OHS board

Cleanliness corner

In line with the implementation strategy, the next stage involved thigrdef
occupational health and safety boards, i.e. places where all relevant information and items
related to safety at the workplace would be located. It was planned to develop three pieces
of boards, which were placed on the production floor in eastgssible places so that
every worker could access them (Figures 1 and 2).

The boards are madéstainless steel. It is engrawsih the name of the department
concerned. It features, among ottt@ngs, a firstaid kit, equipped with the necessary
first-aid supplies; a fire extinguisher; and a cabinet for chemical safety data sheets and
the necessary instructions for the equipment used by the workers.

The process of the actual implementation of the system took place after previous
observations and intdews with employees performing specific activities in the production
area under analysis. This was in order to identify wastage at production sites
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Figure 1 Layout of the production hall. N
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The first step in introducing the system \satectionAt this stage, all unnecessary
items were identified and removed from workstations. The stage was aimed at completely
eliminating wasted placesd the working time spent searching for necessary tools. It
was performed according to the-called 'redlabelling strategy' (Czajkowska018).

The design of the adopted label is shown in Figure 3.

Figure 3 Red label design. N
SourPecej ektj rkyo neckrpcyeni a systemu 5SS w wybAanBung pmra.e
2023, pracdydypbhgmbdlwakeryjnych ANS w Nowym SNczu

The selection stage allowed the first, noticeable results to be achieved in a short
time with a minimum okexpense.
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The second stage was systematics. The team analysed the way in which the
workstations were laid out and arranged so that they created convenient working conditions
The process started with the markinghef workstations on the shop floor ussajoured
floor tapes. This was followed by the development and implementation of an optimum
layout for the workstations, ensuring that the most frequently used items were located
closest to the worker and that there was easy access to all other itetmg theedorkers
The items will be put away by the workers at the end of their work in a designated place.
The storage areas have been labelled. Labelling of the storage areas for the materials
and semifinished products used in the process has also beeftoged (Figure 4).

Outer seal 2 mm
Stock number:
51433
Barcode

Figure 4 Label designating the storage area for an assembly component.
SourPcreo:j ekt koncepcy]jsBy wwdwydUemiyan sy szteddmld,ciybji noyrn
A. Buxy®2apraca ,Wyydkomgwdlauk | nUynieryjnych ANS v

The application of this solution had a direct, noticeable impact on the speed of
operatims, thereby reducing the time of the assembly process. As part of this stage, minimum
and maximum stocks were additionally established in connection with deliveries from
the warehouséVhen raw materials are delivered daily, the minimum stock should be
oneday's requirement and the maximum stock should be two days' requirement. An
example of a racking marking pattern is shown in Figure 5, where a green line indicates
that the racking has aday demand and a red line indicates@¥ demand

Figure 5 Draft labeling ofquantities of raw materials on the shelf.
Sourkreoj ekt koncepcyj 5y wwdwyoblUreann yam spyrszteedsui, Nbi or s
A. Bux®2apraca ,Wdkomgwdlauk I nUynieryjnych ANS v
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It is worth emphasisinthat the systematisation stage is one of the most important
steps in the implementation of the 5S method. In the main, it is this stage that determines
how much the analysed processes can be improved and how much time can be saved.

Implementing the thit stage (cleaninggquired dividing the hall into zones, according
to previously organised workstations. The employees who work there are responsible

for maintaining the clgnliness of the separated areas

The areas that need cleaning were then defingelgarate zones and the methods
for doing so were selected. This is an important element of the third stage, as it means
facilitating cleanliness through regular cleaning and creating a sense of duty in the worker
A cleaning plan was drawn up for eachaar@n example of a plan for wkstation 2 is

shown in Figure 6

Cleaning schedule | Workstation 2: Cutting glazing beads
Start time: 15 minutes before the end of the shift
Moy foemet  Action] B fasement ) 50, 5 (B
|:| S Dustpan Blow the aluminum filings Dustpan Clean up the bookcase.
. o P P d air out of the chop saw. P Sweep up the workstations.
E J L = ompressed air Sweep up the workstations.
- Responsible persons - staff in the workplace Responsible persons - staff in the workplace
L= e
e Equipment: : Equipment: .
7 I— - Broom g::;glspsth:orkstations Forklift Action 4 IEI .
Dustpan N truck Empty the waste bin.
- Responsible persons - staff in the workplace Responsible persons - staff in the workplace
] —
[ Legend' - after each shift; - once a week; EI if necessary
1Ll Note: Use compressed air only to remove dirt from hard-to-reach areas.

Figure 6 Cleaning plan for stand 2.

SourPcren:j ekt koncepcyjny~wdr00enia
A. Bugara, 2023Wy dbziaaxipn Msypk eermpjwray ch ANS w Nowym
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In addition, a secalled ‘cleanliness corner' was placed at each station (Figure 7).
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Cleanliness corner 2
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Figure 7. Design of the cleanliness corner.
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It is worthnoting that proper attewtn to tidiness at the workplace also contributes
to identifying the causes of failure damage. Undoubtedly, the introduction of cleaning
requirements, as a result of the implementation of the 5S system, is a guarantee of keeping

the workplace in full readess.

LI

1 H
1-Racks for the finished product, 2-Racks with the finished product, 3-Cleanliness corner,
4-Rotating machines, 5-Shelf with raw materials, 6-Non-compliant product, 7-Waste,

8-Workshop trolley, 9-OSH board, 10 -A frame imitating the wall of a building, 11-Finished
product

Figure & Model standard for the location of objects on the production floor.
SourPcre:j ekt koncepcyjny wdroUenia sy

stemu, 5S w

A. Bugara, 2023Wy dziac Nawk olmolManw yemt y§ Nhcyzcuh. ANS v

Standard 1 Workshop trolley - Assembly of wings

Photo of the workshop

»
» ‘sevoevan

1-Anzle  screwdriver, charger, balt  sander,
silicone;

2-pan, vupholstery knife. hydmulic wrench,
screwdriver, scissars, pliers, rubbar hammer;
3-Spacer washer 100x24x4mm vellow;

4-Spacer washer 100x24x4mm. =2d;

5-Spacer washer 100x24x4mm purple;

6-Drills, scissors, cr2ws, &ps;

7- Touch-up vamishes

Figure 9 Model equipment standard for the workplace
SourPcreo:j ekt konlemicy jawystwadmw 5SS w wy
A. Buyy®m23a, pracadydypbhgmbwakeryjnych
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The fourth stage introduced standards, i.e. instructions specifying compliance with
the changes previously introdedt. Standardisations necessary to maintain the state
achieved after the introduction of the first three stages. From a formal point of view, it
is considered to be the most complicated point in the implementation of the 5S method.
The assumption is thtte standards for the arrangement and labelling of tools, materials
and workplace equipment must be generally known and consistent within the process.
They should be simple, clear and easy for employees to understand. Figure 8 shows the
layout standard fdhe selected workstation and Figure 9 shows an example of the equipment
standard for the door leaf picking workstation.

The final stage of introducing the 5S system in the company&lbdiscipline
This stage was aimed at developing among employedsathits necessary to comply
with the implemented solutions, as well as the ability to work according to the standards
introduced. The above helps to prevent employees from falling back into old habits.

In order to implement setiscipline, it was neceary to set up teams to monitor
and evaluate the maintenance of standards at individual workplaces. Figure 10 shows the
evaluation sheet developed. After the audit assessment, the results are presented to the
employees and discussed in detail. The reatdtposted on an ongoing basis on the Health
and Safety board. It is assumed that an assessment is considered positive if the number of
points obtained is greater than 45%.

3. Conclusiors
The implementation of the 5S method in the organisation requiredh detrigj of
commitment from all employees at a relatively low financial cost. Its implementation
brought tangible benefits in a short time. Work at the workstations became comfortable
for employees, better organised and more efficidaticeable benefitsiclude
1 improving the ergonomics of workplages
1 tidying up of workplaces and work tools, thus avoiding unnecessary physical
exertion by workers and reducing the likelihood of accidents
1 better organisation of workplaces by, inter alia, eliminating theengfdime
associated with the search for items needed to dg a job
1 reduced or avoided expenses related to the replenishment of lost or damaged
tools and materiajs
1 better visibility of stock problems and therefore the ability to react quickly to
any deviabns
1 anincreased sense of belonging among employees through their involvement
in the implementation of the 5S method at their workstations
strengthening projuality behaviour and proactive attitudes of employees
improved communication between employa¢vertical and horizontal
levels.

= =
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Department/Zone:

Yes/True =1 » No/False =0

0-2: Red, Unacceptable

- 3-4: Yellow, Progress Being Made
5S Zone Audit sorenrecepabic
Distinguish b what is ded and not needed
Only needed equipment, tools, fumiture, etc., are present
sort Only needad items are on walls, bulietin boards, elc
No items are present in aisleways, stairways, comers, eic
Only needed inventory, supples, parts, or malerials ane present
No safety hazards, (waler, oll, chemical, machines, etc.) exist
A place for everything and everything in its place
Comect location for itlems are obvious
H Items are in their comact places

Stra Ig hten Alsleways, workplaces, and equipment have designaled locations
It is evident that lems are put away immedialely afler use
Height and quantity imits have been designated
Clean, and look for ways to keep clean and organized
Floors, walls, stairs, and surfaces are free of dirt. 0. and grease
. Equipment is ket clean and free of dirt, oll, and grease
S hine [Ceaning moterials are marked and easily accessitle
Lines, labels, signs, elc., are ciean and in good repair
Other cleaning probllems of any kind have been addressed
Maintain and itor the first three cateogri
Necessary information is visible and meets visual workplace standards
Al standards are visible
Standardize |Checkists exst for 2 cleaning tasks with daly manager review
All quantibes and imits are easly recognizable
All commonly used Bems ane wihin reach of the operation
Stick to the rules
5S checklist is current and signed off
sllstain An opportunity sheet is posted and tasks assigned and dated
Personal belongings are stored aware from the work area
Job aids are available and up 1o date
Weekly manager review signed off
Comments:

Q|lo|ojo|o

-]

| alala]l

SNy BN N BN BN

Overall 4
Audit Completed by: =
Date: Rating

Figure 10 Assessment sheet. 5
SourPcreo:j ekt koncepcyjny wdroUenia systemu, 5S w
A. Bugar a, 202 3Wy dbziaxtpan Mgypk eormojwray ch  ANS w Nowym

It should als be stressed that, in practice, the implementation of the 5S method
encounters aumber of problems that may constitute a barrier to its operation in the enterprise
One of the most common is the potential resistance of employees, resulting from the
top-down imposition of the system, without consultation with employees resulting in
a lack of understanding of the purpose and essence of this method. Additional problems
may also be caused by previous habits, especially in employees with many years of
experierce Employee resistance may also be related to employees' mistaken perception
of audit activities as increased control on the job.

Given the benefits and difficulties of implementing the 5S system outlined above,
it is important to ensure proper communioatwith employees at every stage of the
implementation and maintenance of the system and to keep them informed of results
and changes.

The 5S system also provides benefits that are difficult to quantify directly, as the
introduction of the system conttites to the development of a proaetculture of work
improvement.
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Abstract: Modern pipe organs include many solutions to make the organist’'s work easier, such
as supprting mechanical playing traction or facilitating when registration the instrument. Nowadays
mechatronic devices are used for this purpose, with the help of which the timbre of the instrument
can be changed quickly and easily. The paper will preseattietion of devices supporting the
organist's work from simple mechanical and pneumatic solutions to complex mechatronic systems
Key words: electromagnets, abstractnuplingkeyboardsction.

1. Introduction

The pipe organ is a musical instrument ofraatdinarily broad capabilities and
enormous variety, found around the world in countless versions, and is a tool for both soloists
and accompani sts ( KN2D21). Ma§ter mysici&ne with thesoigan, Mc
in mind wrote works maintained in formmanging from ascetic to highly complé&x
symphonic.

Nowadays, organs have settled permanently mainly in churches and concert halls,
although initially they were used only for entertainment purpogbsy are not only
one of the most valuable culturak&rsures having its origins already in antiquity, but
are also avonderful work of technical thought serving the arts. Their peculiaaiels
needs arising from musical stylistics over the centuries, forced, as it were, technological
progress in the fieldf organbuilding. Cultural or industrial evolution /Industry 4.0/ has
also reached music, so further changes are also to be expected in the principles of
instrument building, as well as organ building

Of the vast number of musical instruments inventetiamproved over the years,
the pipe organ has earned the laudable nickname of "King" (Sub®&2). This term is,
of course, fully justified as no other instrument has so reangding elements and possesses
such a wide range of sounds both in terms afesspan and multiplicity of timbres

There is so much diversity in this field, both in terms of sound and technological
solutions, that it is impossible to precisely classify this instrument. It is certainly an aetophone
but it also happens to have Bgivoices, percussion voices, playing bells which makes
it an "orchestra" controlled by a single musician (Audsli&g5)

Such richness in the sound of the organ, with the concentration of operation in
one place for only one person playing, poses a veat ghallenge to organ builders, hence
for many centuries there have been continuous technological developments leading to
the gradual evaluation of organ mechanisms and making the instrument easier to operate
by the perfor mer ( KBRD@D.Foothikreason, sinwenle bppdaiance Mo
of organs in history, the most 4p-date scientific advances could be found in newly
built instruments in each era. This process is also observed in the present day, where the
achievements of the 4th industmavolution as well as bimspiration are used in organs
(Ruszaj 2015).
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Nowadays, mechatronic devices are commonly installed in organs and are an
indispensable form of assistance for organists, they are helpful in the proper
preparation of the air, aresed to reduce the force of the fingers on the keys /traction
assist/, or enable the rapid change of the instrument's registration during the performance
of songs (setzer), as well as, with the help of a radio path, enable the placement of
thecounteranyitwver e in the church or concert, hall/
Mo (Ek2021).

2. Historical development of devices to support the organist's work

As you know, the proper preparation of air in the organ is very important. Too
little pressure causesuffled sound, and lack of proper tuning of the instrument. In turn,
too high a pressure causes the voice produced by the pipe to become shrill, the instrument
also in this case loses its tuning.

The bellows are responsible for the proper maintenancessyre. Bellows should
be designed so that they can supply the necessary amount of air when playing in unison or
chords on one voice, on several voices or on all voices. An organ may have one common
bellows for all tone units.

In larger organs, there amsually several: each Manual and Pedal has a separate
bellows. As a general rule, each bellows should supply air at equal pressure (Wyszogrodzki
2013).

The first organ models used bellows (pumps) that were moved by human muscle
power to produce air. Thisolution was improved, which eventually resulted in the
invention of the blower. As already mentioned, the pipe organ is an instrument that, in
order to function properly, requires the supply of air at the cofreonstant pressure.

The electrical powerequirements of the larger blowers supplying air to the organ start

at a few kilowatts and go as high as about 450 kW (the Convention Hall organ in Atlantic
City (NJ, USA) has seven blowers with a total output of about 600 horsepower, which
comes out to alut 447.5 kW). However, all this power of the blower unit is not necessary

at all times. For most of the blower's operating time, its power is not used, and the unit
constantly draws a large amount of electrical energy, converting it into compressed air,
which is unfortunately wasted especially when the bellows is inflated, as the throttle closes
and all excess pressure escapes through the overload valve (Figure 1). One hundred percent
opening of the throttle happens very rarely, so the full power of tineeblis not needed.

In order to reduce the power consumption of the blower and thus reduce the operating
costs of the instrument, a motor is used in the organ that allows stepless speed regulation
by means of a soalled inverter, which, according to dendamegulates the frequency

of the current phases and thus the bellows filling, which has a significant effect on reducing
the power consumption to the amount necessary to maintain the correct blower speed at
any given time. The inverter itself is contrallthanks to the air pressure sensor located

in the bellows or by means of a mechanical bellows displacement sensor. The use of such
a solution in the organ allows to adjust the speed of the blower necessary to maintain
the correct output.
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/ wire
sresTrIe I leather sleeve
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\— control box
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Figure 1 Organblower including a damper that cleseff air access to the bellows
SourceBudowa or lanWwszogrodzki, 2013, Lut omi er sk:

3. Electromagnetic support devices in organs

Organ builders have almost always kept technologyugate with advances in
other scientific fields. Thanks to this, in the second half of the 19th century during the
3rd Industrial Revolution, with the development of mechanics and electricity, organs
began to be equipped with some of the simgkeshent®f automatiori electromagnets
This led to the proliferation of a new type of game tract called electromagnetic (Figure 2).
This turned out to be an exceptionally simple solution compared to the categlic
connections of abstracts, angles, multiple geagans with mechanical traction, or
the imprecise, more complicated in design and rather fgiioee relays and pneumatic
valves in pneumatic traction. This time, electric wires were used to transmit the signal
between the keys and wind chest valwestead of wooden ties or air. This gave organ
builders tremendous opportunities to design the overall structure of the instrument, plus
it meant that the playing table could be placed anywhere, as it had no direct mechanical
connection to the rest of tikegan. Also, there was no need to design and make mechanical
geargesulting in the need to actuate the key with relatively high pressing fovibs.

a small amount of materials going into electromagnetic traction, instruments of enormous
size could be wilt.

Electromagnets found their way into supporting intermandibular connections
in mechanical traction (Figure 2), thus displacing the pneumatic Barker lever, which,
despite being mounted in close proximity to the keyboard, had the disadvantage of delaye
operation. This was particularly ev,jdent
2021).
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Figure 2 Electromagnetic tracture of play
17 key, 21 electromagnet, B key-operated electromagnet switchi, flap valve linkage with control
elements5i electromagnetic support of mechanical tracture

4. Study of the force acting on the key

In order to answer the question of whether mechanical traction support is necessary,
an analysis was made of the force the organist must exert on the key irocaderate
the air valvdocated in the wind chest. As is well known, the use of mechanical traction
causes the sound produced from the pipes to build up in a gradual manner with the
so-called overblowing, this is especially important for connoisseursgdromusic

Three pipe organs with mechanical traction located in the chuathles City of
Nowy SNcz were selected for the study of
in the other churches have electromagnetic traction.

The tests were caed out using an FH10 digital dynamometer to test tensile and
compressive forces with a range of up to 10 N (Figure 3). By pressing a key with the FH10
dynamometer, the value of the force at which the correct voice came out of the instrument
(full openingof the air valve in the instrument) was reblde results obtained are presented
in Figure 4 (KB4.i ogka, Kowal ski

Figure 3 Digital dynamometer FH10
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Figure 4 Valuesof measuredor ce wi th the FH10 dynamometer
Sourceiown elaboration

5. Conclusiors

Reviewing the development of pipe organs atuhe of history, it can be seen that
the instrument underwent a number of upgratMigh the advent of electricity, organ
builders increasingly began to introduce newer solutions in organ construction, finally
replacing all mechanical tractiérwith eledcromagnets. For a certain period only organs
with electromagnetic traction were built. Only when the problem of tttalked "dead"
soundbecame apparent, there was a return to mechanical traction and possibly its support
by electromagnets.

Analyzing thetests carried out on pipe organs with mechanical tracture in Nowy
SNc z, shown in Figure 4, it should be no
5.5 N in an extreme case, should be used in the Biegonice organ. This is explained by
the fact that tis instrument was built more than 100 years ago, admittedly it underwent
a major renovation 15 years ago, but the renovation, as you can see, was inaccurate.

Reviewing the results of tests performed on the mechanical organ in St. Casimir's
ChurchinNowySlcz, it should be noted that the |
key to open the air valves in the wind chests is exerted by the organist when playing the
individual manuals without connecting them to each other. As can also be seen, these
forcesdo not increase very much even when all the manuals are connected together and
amount to 3.25 N.
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