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Abgtract: Transport of hazardous goods by railway is noy gdrticularly more sustainable, but is also fastemn

shipping and cheaper than air operations. But iitoisalways possible to use rail transport for ¢beplete journey.
The goal of big railway transportations compangandle the pick-up and final delivery runs fostomers and
combine several means of transport to form multdatdransport chains. Special case are hazardadsgthey are
substances and articles that pose an acute rigtofae, property and the environment due to thenical or physical
properties.

1 Introduction distribution hub for their packed chemicals becaote
European railway (Figure 1) markets havenepl up these five assets:

a wide variety of prospects. As a result, it opesaith * customised logistics services,

individual wagon and block train services betwekitha * broad range of services,

countries in Western and Eastern Europe — and lbeyon < customer-oriented and cost-efficient customs

the European Union too [1]. Railway transport ieofthe procedures,

most sensible solution outside the EU. Shipments ca « transparent logistics chains,

often be handled faster by rail because custonssasiee « extensive transport network to foreland and

takes place during the journey; as a result, tlaeeeno hinterland [4].

waiting times at border crossings [2]. Mineral ahs,

sulphur, carbonates and other chemical and femtiliz The hazardous goods in the Port of Antwerp, esp.
industry products are in safe hands with human Tiféds  cargo handling, industry and logistics go hand @md

is because the project is specializing in trangp@rt The high level of integration and diversity throoghthe
hazardous products by rail for the chemical ingusp. value chain in Antwerp is unique in the world.

wagon parking [2], [3]. Chemical goods are trantgmbin

single wagons, groups of wagons and block trairsdrint

compliance with domestic and international safety

regulations. Many companies choose the importarts po

of the Europe (esp. Port in Antwerp) as their Eeeop
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Figure 1 European rail freight corridors[3]

2 Legal conditions about environmental For each environmental parameter, a nominal rasge i
; defined, which is the most commonly encountered in
safety transport by railway Europe, and is the basis for the interoperable. ot
Every day thousands of tonnes of goods . (es erta_in environmen'gal parameters ranges other than
hazardous goods) are transported across the EU minal one are deflneq [1], [3]. In t_hat caseqge shall
factories, warehouses or final customers. Raigfre{and be selected_ for the design of the unit -
combined rail-road transport) is in direct compatit Depending on the ranges selected and on provisions
with road haulage, shippers regularly compare the t taken appropriate operating rules_ could be_ necgssar
when deciding which mode of transport to use [3leyl when the.unlt d_eS|gned for the ”Om'”a' range igape
naturally choose the one which best suits theirdsee on a Paf“cu'af. line where the nominal range iscexied
taking mainly into account: reliability, price, at certain pe.nods.of the year. According to Euewpe
customer service, frequency and transport timeotirer  court of auditors (in the special report of ~Raight
words shippers choose methods of transport on disis b transport in the EU), th_e rail freight corridorguéation
of business criteria, and not on the basis of Elicpo already attempted. to Increase the transparen_cyh@f t
priorities [4]. The design of the unit, as well @s performanc_e of rail freight SErvIces on frelght.rcdl_nrs
constituents shall take into account the envirortaten [2]- According to the regulation, performance iradars

conditions to which this rolling stock will be sebjed to. should be set at the level of each corridor_, mmei_io
every year and the results should be publishedhin t
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corridors’ annual reports. Moreover, the manageme 1 2
board of each corridor is obliged to launch a &att®on / | .
| ] !

survey for the users of the freight corridor angtiblish |
its results once a year [4]. However, our analgbisws
that some limitations still persist.

e |

AN IS

3 Environmental railway safety control . ,

The European Union Agency for Railways, foriper Figure 2 Chemical wagon (general scheme)
known as European Railway Agency (ERA), Wal_egefde. | dition informai
established in 2004 to devise the technical andlleg 2: gea::rmifogorlltlj?t?olg ionrflg]r?nlg'[ri](;n
framework for creating a Single European Railwagar y
(SERA) as mandated under European Union law. ERA
core activities are creating a harmonised apprdach
safety, removing technical barriers, advancing dingle
European Train Control and Communication Syste
(ERTMS), and promoting simplified access for custosn
for the European rail sector. With the entry-inboee of
the technical pillar of the 4th Railway Package2dil6,
the mandate of the Agency has been extended toftizat
European authority, issuing rail vehicle authorse,
safety certificates, and approval for ERTMS infrasture
[4], [5]. After a period of legal transposition imtEU
Member State law, these changes are expected ¢o t
effect by 2019/2020. As is known, rail play an intpat
role in creating a sustainable future for transpiort
Europe — and there is broad consensus that thiddsbe
so [6]. Rail transport may help to achieve esseptiicy
objectives such as tackling climate change, fightir
congestion, creating economic growth, contributmghe
re-industrialisation on the European continent, ar
providing mobility to citizens of all ages and swci
backgrounds. Transport is the backbone of econamy,
rail should be the backbone of transport. In otdeplay
this vital role for society — | have said this oramy .
occasions this year — rail has to solve its probtérnost Conclusions

and scalability, and take on innovation to improvd € rail network in the EU is generally designed fo

All Member States but three reported the preseof
ATP systems on their railway network. However, the
reported figures show a continuous problem of
misclassification of different types of train prctien
systems. The Agency could verify the validity opoeted
figures in only a small number of them.[5] In these
countries, the percentage of tracks equipped by ATP
systems was generally under 20 %. Five Member State
reported voluntarily a breakdown of figures for the
different types of TPSs.[6] These figures suggést t
TPSs with lower functionality (providing warning or
warning and automatic stop only) are more comman th
ATP systems. In addition to reporting the perceataf
ATP lines, almost all NSAs also reported the petaga
of train kilometres on tracks with ATP in operatidrhis
percentage is higher than the one of ATP lines,dvew
for many countries there is surprisingly a reld§hamall
difference, since one would expect intensive us&T®
equipped infrastructure, typically installed onelinwith
the highest traffic volumes [5], [6].

customer services on and off board [3],[4],[6]. mixed traffic in other words, freight and passentga’ms
normally use the same tracks. For the rail netwirk
3.1 Locomotive/wagon protection sysems operate, traffic management procedures have tonbe i

Various types of train (locomotive with wag)msP'a_Ce_ for allocating and_managing paths. This isedo
protection systems (TPSs) are installed across peurgndividually by each infrastructure manager. The
offering different functionalities and consequentiyious ~Procedures are generally not adapted to the spemfds
level of safety assurance. Among them, the autemaff rail freight transport, which is cross-border rimore
train protection system (ATP) is the most advartype than 50 % of cases, even within the rail freightidors.
of train protection systems (Fig.2). It is consatkto be
the most effective technical measure that infrastne
managers can implement to reduce the risk of cafiss
and derailment on mainline railways. It enforces
obedience to signals and speed restrictions bydspee
supervision, including automatic stop at signal [5]
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Abstract: The thesis explains orthotic influence of myelomgncele — spine bifida, which depends on age, derfevel
and patient’s disease. The main goal of this thisdis evaluate the influence and effect of ortkase patient’s image of
walking. HKAFO orthosis (an orthosis influencingethip, knee and ankle joints and the foot) is destied for patients
in need of stabilization or compensation, whenlthreer limb is paralyzed, but the strength of hipl grartially of knee
extensor is kept, or when the lower limb is comglieparalyzed. Correct type of RGO allows the petie walk faster
and with less energy consumption. The goal of ttreosis application is verticalization in the mpsstsible physiological
standing and locomotion.

1 Introduction - Inication and construction To the contraindications of reciprocal orthosisbel
of RGO deficits in upper limb movement, insufficient muescl

RGO — Reciprocal Gait Orthosis (Figure 1) — hetps (Strength in the_ shoulder knit, Ipss of body mqjoilim
alternate feet while walking. It belongs amonght@\FO fron’FaI .and_sagltt.al level, massive skelgta! deities —
orthoses and is often used when patient suffers &ginal scoliosis, hip flexion contracture of the hip ifs@ver 20

cord damage, combines flexion in one hip joint ville gegrees), fleédon _contlrz(ajct;ne .qf kn?? jOirIIE (O\ﬁi 1
extension of the other hip joint; it is also usadupper 9€9rees), and torsional deformities of feet. To en

lumbar spine, while the active hip flexion is kbt skillet movement possible and to imitate the pHysjical

A typical RGO consists of bilateral KAFO orthosed ©tation by walking while using the orthosis, theutlle-

with the offset of the knee joint (recently, mosttyral and 2XiS construction of the joint is necessary. Thiskes
femoral parts of full-contact made of plastic arged patient’'s walk faster and with lower energy constiamp

whereas in the past also the conventional unilbfismeoral Bytusr(? Of olne.- aXI'S #]omt constrﬁcnon, _the magglaﬂgl_ls
parts of metal were used), knee joint with a |, joints, Ot Physlological, however when using the Coubls-ax

skillet part dorsally extended to waist body partl f a joint construction, the feet stay turned in the whyvalk
controlling mechanism [2]. [31.
A H A B

— ; Figure 2 A — uniaxial joint B — biaxial joint

Figure 1 RGO orthosis
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Reciprocal orthosis ensures the connection ofeskill The skillet joints consist of sciatic joint andoinit for
module with the splints of lower limbs. The resoft walking Figurel). These joints work independently from
double-axis joint construction is physiologicalatbn of each other. When a patient sits, the joint for egkis
skillet at walk, while not influencing the direati@f walk, blocked. When a patient walks, the sciatic joirtlecked
minimum energy consumption and effective step cycle [1].

The advantage of this orthosis is a system of tes a

which allows the skillet movement by 15 degreeslevhi

using orthosis. The direction of walk is not afestat all,

and the body splints can be adjusted up to 10 degfidhe

wired cable system helps by non-problematic poaeue

transfer at walk. However, the main condition for

indication of this kind of orthosis is that the ipat will be

psychically capable to cooperatagire 2. Ly
At the starting point, the feet are parallel in trostal Sciatic joint

position. When the heel touches the ground andktiet

is rotated, the feet stay oriented in the directbwalking

(Figure 3 [1].

loint for walking

Figure 2 Sciatic joint and joint for walking

The axis of the joint for walking is positioned kit
inclination of 35 degreesFigure 3), so that the internal
rotation of 15 degrees and external rotation ofié§rees
is ensured while the patient walks [1].

Figure 3Leg positioning at the start and end positions

Because of self-supporting pipe construction, the
complete stability depends on the pelvis modeigu(e4).
Thanks to exchangeable parts, the orthosis canv'giith
the child.

35°
i ; L Figure 4 Axis joint with 35 ° inclination
Figure 4 Pelvis modul with control mechanism

The reciprocal orthosis can have the hip flexidrupe

When using orthosis at walking, the movements aig 10 degrees. The body splints are straight mduatel
done reciprocally — due to this reason the twdeloints 5 aliowed to adjust. The flexion in the hip jolreips to

are interconnected by double-action movement [1]. keep the optimal position of the skillet and of thaist
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lordosis, by which the waist spine is stabilizedd an HKAFO orthosis is supposed to provide upright
straightenedRigure5) [1]. standing and allow the locomotion while using tredker.
The orthosis consists of several components andilesd
The feet are mounted in a laminate sandal (sockkigh

is interconnected with the crural socket by a madul
multipurpose ankle joint. In this ankle joint threrft stops
are set. They prevent from ankle dorsiflexion dngstalso
from the knee flexion while transferring of weightthe
standing position. In the back part of the ankiatjathe
springs are placed to allow flexible treading amltleel and
to help plantar flexion. Also the splint knee jantith the
inserted rotation centre are used. These jointswall
walking with a swing phase and they move in theaot-
posterior direction. They are connected with hipint
with free movement and in the proximal part theg ar
Bolt to adjust mounted to body module. The hip joints are suppdeed
the hip flexion provide the movement and the stabilization in media
lateral direction. The body module is made from
thermoplastics.

Splints of torso
can have the hip
flexion set up10°

Figure 6 Splints of torso

When the release button is pressed, the seam ]l
closure mechanism is prepared for release andlitie ¢
sounds. When the mechanism is prepared for relaase
a mistake it is possible to fix it back by pressifgthe
security button of the mechanism. Only in the redutr
position, the sciatic joint can be released conepleBy
placing the parts of the lower joint into a pardatlesition,
the joint for walking is locked. After that the atic joint
can be releasedigure7) [1].

Smooth and maintenance-free transmission of
the walking force by means of a twin stroke

Figure 10 Verticalization before and after HKAFO

application

Conclusions

The standing and walking mean maximum level of
mobility and they increase the independence, thagsthe
self-consciousness of a child or a person deperatenst
wheelchair use for a long time.

After the orthosis application, the locomotion witte
help of a walker is achieved. This orthosis isipatarly a
T rehak_)ilitatior) aid, that allows verticallizatio_n aaqh_/all_< to
radial ball bearing that provides long life of the a patlent using mOStly the wheelchair. This velizedion

RE0 fyen is supposed to assist at better development ofkbletal

Figure 8 The function of the joint mechanism muscular apparatus, and also of inner organs. \Witthe
orthosis, the locomotion is laborious and compédat

2 HKAFO orthosis application People suffering from spine bifida have, due tarthealth

HKAFO orthosis was applied to a patient sufferingtatus, different quality and versatility of thiskes and this
from spine bifida, while the group of muscles coliing has also great influence on their personalities. [4]
his foot was completely weakened. Muscles contrglihe  Therefore, the support from their direct environtmen
knee and hip joints are damaged as well. Both liembsn especially from the family, is very important fouch
extreme outer rotation. The knees turn into extrem@atient. Also the work of the orthopaedic techmidias a
hyperextension. The heels on both feet are in mrerthe core value due to making of the correct aid. Tophel
forefoot is abducted and also the medial foot aich improve the quality of patients’ lives, continuous
lowered Figure9). development and refinement of all orthoses in palr,

will be necessary.
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Abgtract: Presented paper is dedicated on issue of thet@perd a cogeneration unit integrated in the criteating
system. An evaluation of the efficiency of the aogmtion unit operation is performed during heaewpreparation and
later the heating season. Indicators are eval@téiue correlation between the primary fuel ancttbeetrical and thermal
energy consumption. The main idea is following coratl generation of electricity and heat with loagleiiciency of
the cogeneration unit in the central heat suppdyesy in terms of heat generation.

1 Introduction The paper is devoted to the technology issue of
Integration of renewable energy and cogeneratiditegration the principle of cogeneration unit inltivalent
system for heat generation on the basis of ac30@2009 systems of CHS (central heat supply) and consetyuent
[]_] becomes an important part of energy generaﬂ'd)]i's incree_lse eff|C|ency of the source. The_main purps_ste
integration into the national heat and power gemeradescribe efficiency of the cogeneration unit operat
network may be either as separate sources or ag afp integrated in the central heat supply system iniqudar
central Systems for the power and thermal ener@ﬁflOdS of summer and winter season. ACCOfdlng’]mt
generation. These Changes are conditions for tf@@lnt that the natural gas is still assumed agltminant
implementation of directive of the European parkamn fuel for heat production [3], cogeneration is atehle
and the council 2004/8/ES, which is and indispeflesaart  source for high efficiency combined generation. The
of the development of the internal market of energyvell cogeneration system is usually designed and ofenis
as measures of safeguard for electric energy supfitiiin ~ according to economic and energy requirement vegfard
the deve]opment of energy Systems primary Suppbrt EQ environmental criteria and is usuaIIy autononlmus
cogeneration is based on the demand of usable Ilhémt. controlled by microprocessors and current demand fo
necessary to consider with the directive of theofean €nergy.
parliament and of the Council of EU 2012/27/EU on
energy efficiency, when implementing energy source2 Cogeneration in multivalent systems of
Based on the development as mentioned in the [#jén central heat supply
next years the greatest potential will be in thghhi The main idea of installing cogeneration unit ie th
efficient heat and power generation sector espgdrathe  central heat supply is to reduce energy costsypatl and
segment of existing small and medium heat soutvest ( increase efficiency through the integration of reakle
plant, central district heating boilers) in whichtaral gas energy sources such as biogas and combined energy
is incinerated by installation of combined heat aodier production. The production of heat and its delivesyfinal
technology with combustion engines. product is a sector whose operation is importattonty
from the aspects of industrial generation procedréslso
from a social point of view. From the aspect of the
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generation of thermal energy for the final custortrer
advantage of the central heat supply compared her ot
forms are relatively low prices for heat, in contie@t with

20,00%

19,00%

the increase of the usage of cogeneration. Negati oo 17,37%

influence on the size of the market with heat wae the 1700 16,39%

disconnection of customers from central heat syppl, .. L]

which to the future is also not considered to sachig 1455%

extent. Currently has been adopted legislative énaonk > L iw%

which establishes conditions for termination of png  1¢.00%
and practically making it impossible for customéos ;0.
disconnect from heat sources using renewable ener
sources [2] as stated in [3] the electric energylpced in
combined production of heat and energy is exengoh fr **°*
taxes, if it is directly delivered to the final cam€mer of  1000%
electric energy. It is possible to facilitate ascdés the 2010 zon 2012 2018 201
electricity grid produced by high efficiency cogestéon Figure 1 Percentage share of cogeneration dectricity
on the basis of 2004/8/ES, in particular in theecab generation in Sovakia

lowmpower cogeneration unit and micro cogenerati
units. Development of the share of electricity pretibn
by high efficiency combined production to totalattecity
in Slovakia is shown in the figure 1.

%he amount of primary energy savings and the amofnt
CC? savings achieved over the period 2011-2014 by high
efficiency cogeneration are shown in the followgrgph.

450000 5,66 1 6.7
[]

400000 < 66

350000 383152 376747 1 65

300000 . 4 54

6,3 298456

250000 . 1 63

200000 / 1 6.2

150000 1 6,1
100000 2,83 1 B
[ il
50000 -1 5,9
o 5.8
2010 2011 2012 2013 2014 2015

Figure 2 Amount of primary energy savings and the amount of CO2 savings

Heat supply nowadays requires part of the primanysing the combustion engines in 2025 predicts albi20%o
energy sources and the simplest way is to burndndl growth over 2011.
process generated heat then sends it to the custdhme
efficiency of similar processes is high (80 to 1Q0%ut As shown in the following there is a direct cortiga
fuel exergy is lost. Combined electric energy améth between generated electrical energy and produced he
production which represents cogeneration is energye  There is certain difference, due to the type ofafpen and
efficient way of obtaining heat. Figure 3 showssérg the period.
and assumed by the 2025 electric and thermal poiver
CHP (combined heat and power) plants accordindp¢o t
type of technology of combined energy generatignibe
expected increase in electricity production in eyst CHP
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consumption and emission. The efficiency of comthine

400 energy production is described in fig. 4. The eleat
350 340 efficiency of cogeneration unit is around 40 to 50Pke
200 performance and operating time of cogeneration isnit
262 limited by the operating hours during the summersea.
250 In the winter season the cogeneration unit is dpdra4
200 187 hours a day, during the summer season it is inadioer for

18 to 19 hours a day. Increasing the efficiency of
cogeneration unit from a physical point of viewnist
possible with current technology in the case ohgghe

150

100
47

s0 conventional fuels. However, there are several ways
o increase efficiency one of them is integrating texiernal
2011 2014 2020 2025 RES (renewable energy sources) to make them mieltiva
Figure 3 Increase of dectricity generation in CHP systems systems of central heat Supp|y

2.1 Combined energy production
Combined heat and power generation is one of the
most efficient technologies to reduce primary fuel

power 396
1100| } fuel station

el. [\39 1146 | fuel | CHP

N=0.36 el.

N=0.56 | heat [)246
heat
N=0.85

Figure 4 Conventional energy generation compared to combined energy

The main part of cogeneration unit is an enginé thaombustion engine MWM/TCG 2016 V12C with a
normally supplies an asynchronous generator. Thaen generator that provides 600kW of rated electric groand
itself consists of conventional carburettor for twrstion 650kW of rated thermal output. The electrical éfincy of
mixed air and natural gas or various biogases. Badtof this cogeneration unit is around 42,19%. The opegat
the cogeneration unit is placed in container wiih noise time of the cogeneration unit is limited by the @img
and vibration reduction. hours (18 to 19 operating hours) during the sumfiee.

actual operation of the device in this case is epmntally

3 The efficiency of the cogeneration unit in conditioned by the production of thermal energy.the
the CHS winter the cogeneration unit is operated 24 houday

he equivalent calorific value is added to the antcaf

In order to carry out an evaluation of operation
uel consumed.

characteristics and efficiency is the selected wegsion
unit (Fig. 5) integrated within the CHS system. The
cogeneration unit is operated in the primary mddeeat
generation and it is production of electricity dege on the
demand for actual heat production. The cogenerainiin

in the given mode of operation provides heating and
prepares hot water for approximately 1600 apartsent
elementary schools and shopping centres locateits in
surroundings. The cogeneration unit itself consfist gas
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3.1 Efficiency of energy production in individual
seasons

The measurements were realised in winter and
summer operating mode in 2016. As monitored parammet
was quantity of consumed fuel for each periodroktiand
the amount of produced heat and electric energgr Afat
conversions were made were determined the opeshition
efficiency for heat and electricity production. &ig 6
shows the dependence of the energy produced dnghe
consumed.

Figure 5 Container with cogeneration unit

20
18
16
14
- 12 /
g 10 /;// lectri
e plectric ener
3 o 8y
Py — heat
6 "
P — heat from fuel cooling
- e e Q
2 ———————— L L
0 . T I-- 1 — 1 T T 1
850 1350 1850 2350 2850 3350 3850 4350 m3

Figure 6 the dependence of the energy produced on the fuel consumed

On the basis of the modified equation for the mignth input fuel used to produce the sum of the usabde hed
calculation of primary energy savings and thelectricity. The summary amount of the electrical a
determination of efficiency, the thermal efficienof thermal energy produced by the cogeneration urit an
cogeneration is the monthly generation of usablat hedivided by the theoretical value of the energy aord in
divided by the amount of input fuel used to prodtlee the given amount of fuel, the percentage efficieatthe
sum of usable heat and electricity through cogeioera cogeneration unit is shown in figure 7.
the electrical efficiency of cogeneration is detiered as
monthly produced electricity divided by the amoaht

100,00

- A
- /A\v/\/\/\/\/\ff\/u N7,

heat+electric

enargy ffuel
winter

70,00

heat+electric

/\ T energy ffuel summer
50.00 A, e s §

A A
v SSZEEss

mlm 1 i 1 1 1 i 1 1 i 1 1 1 i 1 1 i 1 1 1 1 i 1 1 1 1 1 1 1 ]
i 2 3 4 5. & 7 8 9 I.O i1 12 ..13. 14 1.5 i6 17 18 19 2.0 21 22 23 24 25 26 27 28 29
Figure 7 Comparison of efficiency in summer and winter season

The following figure describes the same but
comparing with the previous one, it displays thdrara
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electrical energies separately. The priority of the
cogeneration in this case is the production of ritedr

energy.
F o e R T e TN e I TP e
[ e Lo ) LS SIS B SRS SR SR SIER ) SRR M S S eSS E S Sl B WS S e
heat/fusl
winter
__ heatffuel
summer
30 ] & ~ I =
electric
energyfusl
winter
20 — electric
— enerzy/fusl
summer
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 i
1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 25 27 ‘28 29
Figure 8 comparision of effieciency in summer and winter season - separatly
Conclusions [3] Ministry of Economy of the Slovak Republic, 8k

The assumed increase in electricity production in CHP innovation and energy agency, Economic and technica
systems using combustion engines in 2025 representsassessment of CHS applicaton in SR and
about 720% growth comparing with 2011, which comprehensive assessment of national potential for
represents a significant share in the ratio of peaduced CHS implementation comprehensive assessment of
by CHP equipment. As shown, there is a direct tatios national potential for the application of highlyiefent
between the generated electrical energy and thé hea_ cogeneration, 2015.

However, there is a certain difference due to yipe tof [4] STRUZ, M.: Utilization of CHP in Sovakia and its

operation and the period of operation. Accordinghe further outlook, 2014. )

point that the natural gas is still assumed agitieinant  [5] BOSZORMENY], L., GAVLIK, M.,

fuel for heat production, cogeneration is a suétaturce ~ BOSZORMENYI, L.:Sustainable supply of energy for

for high efficiency combined generation. gg‘gngs from renewable energy sources, Kosice,
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