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Abstract: The authors focused on the possibility of usinvg pmtential energy from groundwater by means of pamps

in the KoSice region for recreational purposesraslternative to geothermal energy obtained frorgdadepths. The
article deals with the hydrogeological suitabilitf/the KoSice region territory for the use of wateter heat pumps,
suitable technical works in the digging of wellspgspare exploitation well and re-injections waelhd outputs, while
also trying to point out the economics benefitssihg low-potential energy from groundwater againggeothermal
energy obtained from large depths.

1 Introduction recreational and medical purposes. Basically, tlagem

Nowadays, geothermal energy is used for recredtiorigmperature for these purposes ranges from 2620%0.
and medical purposes, mainly obtained from geotakrmOf course, the excess heat obtained can be uskedting
wells reaching a depth of about 2500-3000 m in diam PUrposes as well as heating of domestic water..

This is necessary due to the geothermal gradiemighw ~ The advantage of using heat pumps is also thetfatt
reaches up to 1°C at 30 m of the drilling deptimiost of ~during the summer months it is not necessary tb s
the territory of the Slovak Republic. For exampleme cooled water at the outlet from the heat pump thi
territories in Hungary, where the use of geotherenargy intake wells, but it is possible to use this watéra

for recreational and medical purposes is alreadgng temperature of about 5°C - 7°C to cool the intesjmaces,
tradition, achieve a geotherma| gradient of 1°C6om in fact, it will be actually air Conditioning. Itsi worth
and, in some exceptional cases, 1°C to 15 m, winich mentioning that the power of the high-quality punips
practice means that it does not require to beedrito about 35% in relation to the power, which is a huge
depths like in our area. This is mainly due to th@dvantage over conventional gas heating, respégtive
appropriate geological structure of the area. @frsme, it €lectricity [3].

must be water-borne horizons, because water isdume

that ensures the transfer of thermal energy fromela 2 Hydrogeological proportions in the

depths to the surface. This must be preceded iyoeous KoSice region

geological survey. All this means huge costs to the The hydrogeological examination of the part of Kesi
exploration itself, as well as to the drilling aregplacement  pasin is fairly even. Most of the exploration woakd

of mining and cooling systems, and so on. Under oialuation was concentrated here on the groundvadter
conditions, the price of 1 bm of a borehole in deeguaternary collectors and, to a lesser extent, enyene
boreholes varies between 1300 - 1650 €, which @itab sediments. The entire studied area is a part detiiéory
3,000 m deep drilling about 4,5 - 5,0 mil. €. At depth  shown on the page 38 Kosice baseline hydrogeolbgica
it is possible to obtain water at a temperaturabmfut 90- map of scale 1: 200,000 [4] and underground water
100 °C [1](2]. . ~ chemistry maps at the same scale. Textual explanato

As a suitable alternative, we can see the podsilifi notes to the basic hydrogeological map were prephaye
using low-potential geothermal energy from quaterna Skvarka et al. [5]. The basic data on hydrogeolofy
groundwater, ie from relatively small depths, whétvere  quaternary sediments in the assessed area weidgudy
is sufficient yield of these groundwater, even ffothis  the work of Strisak [6], Sindler [7], Ondizkova [8] and
groundwater reaches temperatures in the rangeb230.  Frankovi [9]. Later on, HaleSova et al. [10,11] discussed
However, even with such low temperatures and sefftic this issue. A valuable regional summary of theifigd is
efficiency, it is possible to use thermal water psnusing  also provided by Sindler et al. [12] and Hale3ovghw
water-water heat pumps to obtain thermal waterigit-h  petrivaldsky [13], in which numerous local workse ar

temperature heat pumps up to 65°C, which shoulgt vegymmarized. From a hydraulic point of view, theioagpf
well cover the water temperature requirements for
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KoSice basin as a whole was evaluated by Jetel aacka. This would be possible to achieve 3-4 fartisvaed
Kaliciak et al. [14]. the same number of wells. In order to provide aewat
The area under assessment is the hydrogeologicalurce for the normal operation of the necessary
region Q 125 - the Hornad quaternary in which twb-s equipment, one water well (well) of about 10*Ishould
areas HD-10 and HD-40 are allocated. be sufficient, but it is also necessary to consither
From a hydrogeological and structural perspective, appropriate reservoir - reservoir of a water soumcader
territory consists of a layer of water in the seelifary to meet the hygienic standards. The location of the
collectors of the quaternary. individual wells should be consulted with the presjve
The uppermost part of the sediments consists ofiflo designer. The distances between the individual swell
plains with a thickness in the range of 0.4 - 2.6=rom the should range from 40 to 50 m in order to avoidgbssible
flow and accumulation of groundwater point of vigtve influence of the individual wells in terms of thgield and
layer of sandy gravel with a thickness of 3.3 torlh is  possibly possible cooling [19].
the most important. The groundwater level at threetof

drilling was most often found at a depth of aba@ . A Table 1 Characteristic data hg boreholes
greater number of hydrogeological boreholes atepggrehole Borehole Water Richness
concentrated between KoSice addia, whose maximal Marking Depth Temperature ~
values of substantiality [15-17], are from 0.3 @®l.s. h [m] t[°C] Q[l.s17]
Some of these wells are used partly as local dripkiater VS-9 8,C 12,C 1,42
sources. VS-10 8,7 11,C 7,14
Towards the west, in further distance from Hornad, VS-12 10,z 12,C 2,32
there is a territory that is part of the HD 20 @drterrain VS-13 8,k 11,C 7,6(
(Hornéad terraces). Their lithological compositienniore VS-14 8,5 13,0 7,60
varied than sediment in the valley, mainly duehte more VS-15 8,5 13,0 14,20
frequent presence of the sand fraction, whethetawy or VS-15 8,2 12,0 3,30
gravel. The topmost layer of slats does not exde2dn. KAH-6 163,6 16,0 14,47

The drained collector also includes sandy gravétls an

average thickness exceeding 10.0 m. The grou.ndwapfr Design of suitable heat pump system
level is at greater depths (5.24 - 6.8 m p. T).liéwar Modern electric heat pumps today are an exceptional
exploratory work [10] confirmed the general knovgedf o5 qgical option for heat generation. Advancedtrmn
the low usability of groundwater from this enviroem. systems, efficient compressors as well as sopatstic
The average yield per one well does not exceed.2:0 i pr(')duction ensure that modern heat pumps éme
[17]'. . . iy iece of electrical current produce up to five paftheat.
Findings about the possibility of acquiring largef oo hymps can provide heat production monovalently
amount of groundwater have also yielded researatk Wy, ¢ is without an additional heat source. Opegatiosts
[15] aimed at deeper (50 to 150 m) layered gravel a ,.q significantly lower than conventional heating
sandy strata of neogen. This is the so- artes_|mdm; equipment, which compensates for higher investroesit
(wells with a positive groundwater level passingigh  \ejatively short period of time. In terms of adility,
their discharge), in which the yield per one bareriore jike in recent years, these devices meet thetesti

than 10.01.3. requirements [20].
. o For the sake of clarity we will model the use of a
3 Evaluation of means of acquiring cascade-coupled heat pump system. This could be a 3
groundwater for given purposes piece York-Johnson Controls YLCS water-water heat

Based on the above-mentioned knowledge of thgump of 350 kW (Figure 1), which would mean a
hydrogeological ratios of the area of interestcdh be maximum output of 1050 kW. Cascaded plugging isemor
stated that the area of interest in consideringuthe of cost-effective, increasing operational reliabilibf the
groundwater for the operation of heat pumps hasgeod entire device.
assumptions in this respect.

In the territory of the southern outskirts of Kqdic SN
several boreholes have been carried out to veh#y t
quantity and quality of groundwater, focused onllstha
quaternary sediments, as well as on deeper degosite
neogene layers. The parameters of the boreholes in
question are given in the following Table 1. =

In order to ensure the operation of water-watert hea g
pumps with an approximate output of about 1 MW,
approximately 35 ;5 will be required from the specified

Figure 1 York Johnson Controls: model YLCS of 380 k
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To predict water heating in pool areas, we try talet
the need for heat supplied by the heat pump syssame

we do not know exactly how much water will be hdate «

we will try to process several variants. We expibat
average depth in pools of 1m and an area of 5000004

» heat loss by heat transfer through the swimmindspoo
walls (below water level),

heating of supplied fresh water (compensation déwa
loss - spraying, carrying on swimmers' bodies, ware
filter cleaning).

and 1500rh The required temperature in pools where the Thermal losses due to the pools walls are negéigihtl

water will be heated is assumed to be 38°C. Itlshalso
be said that these heat pumps can be used atrtiectisae
in addition to the heating of water and heatingwal as
cooling, that is, the air conditioning used in gwenmmer

therefore are not considered in this proposahénenergy
balance of the pool heat, we also take into accthnheat
gains that may be the source of direct sunlight.

The determination of the pool's energy requiremints

months. Of course, the combination of solar thermakarried out for all months of the year. Inputs iacuded:

collectors, which can have a great impact on tbacton

Air temperature for individual months, Soil tempera,

of power, especially during the summer months betwe Ajr temperature at sunshine, Theoretical sunshimatibn,

March and October, will also be a suitable additmthe
water heating.

5 Determination of the energy balance for

pool water heating

Pools in thermal swimming pools are most ofteredill
with water with 27-40°C, which is produced by migihot
water with cold water in such a proportion as touiewe the
required pool water temperature. The filling timepdnds
on the capacity of the water sources. Full wateharge
in swimming pools with a flow system takes placéhini
short periods of time (1 — 7 days).

Pools are normally filled at night to avoid intgrting
the operation of pools. For this reason, it is gnable to
build several smaller pools instead of one largéelV
replacing water with a non-circulating filler systethe

Relative air humidity, Amount of sunlight that faibn nd
of water surface.

Output is the amount of heat the pool loses duitireg
month and needs to be labeled as Heat requiremeatér
losses and the amount of heat needed to heatdbmiing
clean water indicated as Heat requirement for eter
heating. The overall heat demand is the most iraport
indicator and output of the following tables. Theah
requirement per frof surface area is a control indicator. In
our conditions it reaches values ranging from 0.4.4
KW.m2,

The design contemplates heat pumps with an effectiv
power figure of about 3.5, i.e., the heating powkthe
appliance is 3.5 times higher than the power inpgtiired
for the heat pump operation. The amount of heattbald
be able to supply 3 heat pumps with a heating o860

pool swells at the beginning of the season and th&\V is around 756 MWh per month. Calculation example

complements it, which significantly reduces the dath

for both hot and cold water. Water recirculation i X 350 KW =1050 kW...total power of all three tygamp

considered to be the most perfect way of replaiaigr in

which a certain amount of water is pumped out and050 KW x 24 h =25 200 kWh...total power of all tare

recirculated through the filtration plant. The treant
plant must have sufficient capacity resulting frahe
volume and intensity of the recirculation. The irgi¢y of
recirculation is determined by the theoretical tiofigvater
retention in the pool and is expressed in houive to
the average depth of the pool.

heat pump per hour

25200 kWh x 30 = 756 000 kWh (756 MWh)...total
power of all three heat pump per month

This amount of heat would be supplied by heat pumps

The dimensioning of the energy needed to heatdbk p in_case they would work 24 hours a day with a 100%

water influences to a large extent the swimming pype

efficiency. In fact, the heat supply would be sorhatv

(outdoor, indoor), the required parameters of tloel p lOWer.

water, the method of limiting the heat losses afrawing

pools. The design envisages outdoor, open swimmify Conclusion

pools with year-round operation, without hiding |sod he
design will be made for pools with a temperatur8®38
°C and a total pool area of 800, 1000, 1300 and 1&0
and therefore at a water depth of 1m with a volofr&00,

At the given input values, when considering theiredt
conditions in KoSice region, water temperature@gdpen
swimming pool, three heat pumps with heating capaci
around 3x350kW, it is possible to count with yeamsrd

1000, 1300 and 15003%rClimate and weather conditionsoperation if the surface area of less than 88@mal depth

of the site are taken into account.

1m. All of these suggestions are based on assungtiat

For pool water heating, it is necessary to sup@gth contribute to the higher overall heat demand tddévered

for:

by heat pumps. Because open pools are assumegiga

« heat loss management by transfer of water levéd consider covering water at a time when poolsoateof

(heating, flow, evaporation),

service, which would greatly reduce losses (up08s foss
by evaporation). It is appropriate to divide thelparea
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into pools with different volumes and water tempares. [11] HALESOVA et al.:Neogen and Quaternary basin of
Water temperature 36-38°C is over expressed, inesea the KoSice basin in Bodvy basin - hg. district N§g 1
energy demands and also affects the occurrence of [Online], Available: http://www.geoarchiv.tuke.sk/r
microorganisms in water. Each decrease in the water ok.php?action=view&Kkriterium=1985 [7 May 2018],

temperature in the pool by several °C contributethe 1985. (Original in Slovak)
higher utilization of the intended heat pumps amdhie [12] SINDLER et al.:KoSice - preparatory study on hg.
higher economic efficiency of the swimming poolare exploration and use of groundwatefOnline],
From the individual chapters, it is clear, that tise of Available: http://www.geoarchiv.tuke.sk/rok.php?act
low-potential geothermal energy for recreationald an ion=view&kriterium=1988 [7 May 2018], 1988.
medical purposes is possible and economically more (Original in Slovak)
advantageous than the use of geothermal energy. [13] PETRIVALDSKY etal.: KoSice - Airport, hv.
groundwater assessment, hydrogeological
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Abgtract: The "Strategy for a stable and adaptable eneripnuand a forward-looking climate policy”, developey the
European Commission and endorsed in 2015, staies.thour goal is to make the energy union a{@rg sustainable
carbon-free and climate-friendly economy" [1]. Aeault of the above, we have been looking forctireditions and the
technical solutions under which the necessary presggulation at the gas transfer stations canhespressure energy
economically.

1 Introduction connected to regional gas supply companies and to

One of the tasks of the gas transfer stationsaistite  industrial customers. The natural gas transmissystem
pressure regulators installed therein have to medhe IS the central element of pipeline energy supplgt th
pressure of the natural gas from the h|gh pressu@@livers natural gas from the production fleIdS)nfr
transmission system and to supply them to the corsu imports or from underground gas storages to consume
or to the gas distribution System at the presseﬁﬂm in districts. In addition, it ensures the technicalditions for
the “Business and Commercial Code of the Hungarig@fcurate measurement and settlement in the cauntry
Natural Gas System” (hereinafter referred to as P)KS legislation. The natural gas pipelines operate messure
During the process, there is a high level of enéwgy that fange of 25-100 bar, allowing them to safely and
is lost without recovery in conventional pressiegulating €conomically transport natural gas [2]. The Hurayari
systems. It has been known for a long time thatrahjas natural gas transmission system has a typical denoé
pressure can be utilized using a turbo expanderaand 100 to 1400 mm and an operating pressure of 25 tuar.
attached electric generator. The electricity thusmipced The endpoint of the high-pressure gas transmissistem
can, among other thingS' be used to reduce th@ﬁnefs the ga.S transfer station to which a Sma!le”lulﬂ"on
demand of the gas transfer stations or to be gqulto network is connected. At these border pOIﬂtS, ctlett
the electric network. gas transmission to the connected system operatats

In this paper, the energy requirement by Conveationdirect industrial users is continuously maintained.
pressure regulators and turbo expanders are peeserfistribution system operators are supplying natgee to
along with the amount of energy produced by theerat nearly_3.5 million consumers via gas distributictgtworks_
The Aspen HYSYS technological design software tised operating at less than 25 bar. The Hungarian reition

the oil and gas industry was used for carrying et regulations defines a high-medium (25>p>10 bar),
required investigations. medium (10>p>0.1 bar) and low (p<0.1 bar) pressmge

as the operating range of gas distribution systeims.

2 Infrastructure of the Gas Supply System Hungary, apart from some exceptions, to the endpain
in Hungary the gas transmission systems 6 bar gas distribagistems

. . are connected [3].
Natural gas plays a significant role in the enexgyply

; ) : e At the gas transfer station, which is the connectio
of Hungary, and its delivery to users is carrietliothe  ptveen the gas transmission system and gas dtatrib
natural gas supply system. All mentioned pressares

system, the regulations on the physical parametérs
overpressures.

Th tural ¢ . N ted b tatural gas have to satisfy the provisions of UKSZ.
€ natural gas transmission systém Operated by gcordingto the regulations, the gas temperatwasured

FGSZ LTD. consists of supply points "0", COMPressoOL i eyit noints has to be above 0 °C. For tmainal exit

stations, - gas hubs, ‘metering stations, high pr?SSLtHressure value, a range of 3 to 15 bar is spedifiedew
pipelines and gas transfer stations that are djrec
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exit points, for existing exit points the presswan be majority of the gas transfer stations, the transfiethe
adjusted according to the system suitability tdktlh the natural gas supplied is 6 bar for the distribusgatem.

3 Presentation of the Gas Transfer Station by a counter-current tubular heat exchanger to lwttie
The gas transfer station is the endpoint of theraht hot water is provided by gas boilers in separatenses.
gas transmission system, a technological stationexted In this system, the heat input is directly in fraftthe
to the end of a transmission line or a branchtfieeefrom, Pressure regulator, so the heat loss is minimatedas
whereby the delivered gas is transmitted to thestréal flow temperature can be precisely controlled. Shut-
consumer or to the gas supply system. At predeertetare  Valves are pressure controlled closing elementscdrabe
nearly 400 gas transfer stations on the domestx gased to disable gas flow immediately. The shutalveris
transmission system, with the main tasks of fioratgas installed in front of the pressure regulator butastrolled
heating, pressure regulation, pressure assuranae, BY the pressure after the regulator. Controlledsiree acts
guantity measurement and proper odor setting [2]. through the impulse line with small diameter to the
The stations have two full, uniform, disconnectablePneumatic control unit which changes the flow cross
parallel pressure regulating branches; their defagiection by changing the pressure of the workingiumed
configuration is filter, heat exchanger, shut-inlvea [2]-
monitor regulator, active regulator, low capacitefect
gas) relief valve with measurement device. The modt Placing the turbo expander in pressure
important element of the installation is the pressu reduction station

regulator coupled with the shut-in valve. The puess 41  PpPresentation of turbo expander

regulator maintains the flow from the gas transpgstem A turbo expander, also known as expansion turline,
to a lower pressure line, while the pressure ofltheer 5 o4ial or axial turbine through which energy dae
pressure side is kept constant even at varyingpnéssure. produced using the expansion of high pressure Bgtb.
The currently commercially available pressure ragub e radial and axial turbines are used in practittiough
are pneumatic equipment whose working fluid is r@tu e yse of the former is more common. The turb@edpr
gas. The shut-in valve is the ultimate tool foriting 544 the generator are connected to each othecammon
overpressure. The filter unit is in front of theegsure ,yis.

regulator, the odor unit is located after the mEss  The so-called cold energy extracted from naturaliga
regulator. On the low pressure side of the stahieme is  ansformed into mechanical energy that drivesstiat.
the measuring unit and the spare odor unit. Prefteat The turbo expander is placed on the bypass litleeagas

natural gas is necessary to avoid hydrate formatioen  yansfer station, along with a traditional pressewulator,
the pressure drop exceeds 14 bar. The naturasg@ated 55 shown in Figure 1.

Phigh * Piow
regulator

Pipeline  high pressure .
electric
Turbo expander heating power

|
1

'l"F{ -1 '-;(v]l‘

- )
Generator Mol
Expander  Generator
Figure 1 Schematic construction of gas transfer station with turbo expander [5, 6]

. low pressure |
Pre-heating

Figure 1 shows the placement and schematic operatithis case, it is an isenthalpic process; the epghaf the
of a turbo-expander unit. The high pressure gasismeeggas stream is identical on both sides of the vales
preheating due to the high temperature drop dutheéo throttle condition is thermodynamically irrevergblAs a
isentropic expansion. The gas enters the expandarewt result of the isenthalpic throttle, the gas tempeeadrops
expands. Most of the cold energy extracted frons thdue to the Joule—-Thompson effect.
process is transformed into mechanical energy. The Contrary to the foregoing, the process using acturb
generator converts mechanical energy into elettricaxpander is isentropic, meaning that the entropyhef

energy. system is constant. In the latter case, the enttaipnge
can be used for work.
4.2  Different methods of pressure regulation The turbo expander is essentially an inverted

At the gas transfer station, the pressure of negiaimis compressor. The arrangement is capable of utilizirey
reduced by pressure control valves to the desiaégeyvIn
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internal energy of the natural gas stream during threason for this is probably that today there areaaly
expansion of natural gas. available turbo expanders that are widely used as g
The mechanical energy extracted from natural ggsocessing and gas liquefaction technologies as agl
results in a higher thermal drop during the isguito waste heat utilization cycles. In connection withe t
process than in the case of isenthalpic throttth@tsame applications, not the feasibility but the econonegcdme
pressure ratio. The difference between the twogases is the focus of attention. For gas transfer statiensnomics
illustrated in Figure 2. is fundamentally influenced by the fact that the «$
) natural gas and, as a result, the amount of théakgl gas
Enthalpy Throttling significantly fluctuates seasonally.
i P1 L . . .
- Expansion /P2 5 Investigations using simulation
AN / 5.1 Introduction of model used in investigation
' Z The results obtained from the simulation of created
"y models using Aspen HYSYS simulation software tisat i
used in the petroleum and gas industry are praseme
h2 evaluated in this chapter. For the comparabilittheftests,
we used a model that simultaneously models the stat
change using pressure regulator and turbo expaysigm
with various gas flows, input pressures and input
temperatures. In the model, the gas flow is distad
. : - Entropy evenly. Thus, the calculations were performed
Figure 2 The difference between pressure reduction processes  gjmyltaneously for both branches. The purpose eégh
(7 model examinations was to determine whether theralat
) . . gas pressure energy can be utilized with the Hedpturbo
In the case of throttling or working expansion, 48 oypander for electricity generation. The role of tas
outlet temperature also depends on the compostfon yansfer station cannot change even using a new
natural gas. In both cases, the high pressureegpsres (eochnological solution. At gas transfer statiorsural gas
preheating, but its rate is much higher when usitigrbo  gha| pe regulated from the current pressure and
expander than using a pressure regulator. temperature values to the 6 bar discharge pressuri

According to the literature, more and more publer® (K S7 and the temperature of the natural gas shuotite
have recently been published investigating enesgge of |oss than 0 °C after regulation.

the gas stream at gas transfer stations [5] .}

f Boiler12
- 0

3
Power-boilert L R
Pump1-in g P-100 Boiler-11
— B _
Power-pump1 Expander xm Eprol 0 °C, 6 bar

E
E-1
._j K-100
- Power-exp1 —
HP-netw LP-netw

TEE-100 MIX-100

Boller22 |

Reqgulator Reg1-in
g E-102 d

h1

VLV-100 Reg1-out

P boiler2 i
ower-boile L—»—-g‘ ;
Pump2-in P-101 Boiler21
_

-
Power-pump?2
Figure 3 Aspen HYSYS mode for a gastransfer station equipped with a turbo expander (upper) and a pressure regulator (lower)

In Figure 3 a branch with a turbo expander unip)to branches as well as the inlet pressure and tenuperat
and a branch with a conventional pressure regulattire HP-netw node and the outlet pressure and temperature
(bottom) is presented. The gas flow is the sambotin  in theLP-netw node.
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It must be taken into account that during the wintethe arrival pressure. The tests, assuming a cdrisfzinal

season the amount of natural gas flowing throughgts
transfer station will increase considerably and tha soil

composition of natural gas were performed at diffier
inlet natural gas temperatures of 4 °C, 8 °C antiC12

temperature will be lower than the summer tempeegatu

Because of the above, the gas must be heated libfores 2.1

pressure regulation. This is done by a gas heatmgem
in which a gas-fired boiler heats the water usedhas
intermediate medium to such an extent that the éeatpre
at the output side of the pressure regulating ai¢iseat a
given value. In this auxiliary system, the energguired
to circulate the water is provided by an electrioton
driven pump.

The pump can only operate with 100% fluid phase,

the pressure of the heating circuit must be chesethat

Examination of High Capacity, High-Pressure
Gas Transfer Station

High-capacity gas transfer stations were considered
that are close to the compressor station and fachathoth
the arriving pressure and the gas flow were high.

The test range of the flow rate was between 102000
22,000 nih using 4,000 /th step size. A significant
proportion of domestic gas transfer stations ackuded in
ghis group regarding the maximum capacity. Thetinle
pressure was characterized by a pressure randgetof3b

the heating medium remains in liquid state from thear. The calculation results for this categorysirewn in

discharge side of the pump to the suction sida@pump.
In some cases, especially in the case of gas értaststions

Table 1 and 2. In the tables, the energy data ledmii for
the natural gas pre-heating circuit, the gas hegdiwiler

— not too far from the outlet point of the compogss and the pump are shown. The operation of these

stations — there may be a situation in which, ratind at 6
bar at the gas transfer station, the output tenyeraf O
°C can only be obtained if the gas is heated U °C
before the pressure regulator, occasionally exogettis
temperature. Especially when using a turbo exparilaisr
may occur.

5.2  Analysisof Turbo Expander and Pressure
Regulating Unit
During the tests, gas transfer stations with déffier
capacities were tested. In order to investigatewittkest
range of operations, three different gas transtatios
groups were defined, depending on the gas flow aatke

technological units is associated with their enarggge,
which should be indicated in the energy balancethin
tables, the total power requirement is shown fdh lpases.
The value shown in the table with dark gray isaheunt
of energy produced by the turbo expander unit.

It is important to emphasize that the energy denwind
a built-in gas heating boiler as part of the préhgecircuit
is covered by using natural gas for technologicabpses
and only the electricity needed to operate the mumpst
be purchased from an external service provider.

Table 1 shows the results of a high-capacity gasster
station with an inlet pressure of 45 bar.

Table 1 The amount of produced energy at 45 bar inlet pressure

p= 45 bar Unit | ©Q=10,000 ¥h | Q=14,000 n¥h | Q=18,000 nih | Q=22,000 ni’h
T=4°C Exp. | Valve | Exp. | Valve | Exp. | Valve Exp. Valve
Heating power kW 519,0 87,0 727,0 121,( 935,0 15,0 1143,0 191,0
Pump power kW 0,48 0,15 0,54 0,15 0,57 0,19 0,70 0,19
Total power requirement kW 519,48 87,15 727,54| 121,15| 935,57 | 156,19] 1143,70| 191,19
Produced energy kw 433,0 | 0,0 607,0 0,0 780,0 0,0 953,0 0,0
T=8°C Exp. | Valve | Exp. | Valve | Exp. | Valve Exp. Valve
Heating power kw 499,0 | 66,0 699,0 93,0 8980 120j0 10990 14,0
Pump power kW 0,49 0,15 0,53 0,15 0,58 0,19 0,7 0,19
Total power requirement kW 499,49| 66,15| 699,53| 93,15 | 898,58| 120,19] 1099,70| 146,19
Produced energy kw 433,0 | 0,0 607,0 0,0 780,0 0,0 953,0 0,0
T=12°C Exp. | Valve | Exp. | Valve | Exp. | Valve Exp. Valve
Heating power kw 479,0 | 46,0] 670,0 93,0 862,0 84,p 1054,0 10p,0
Pump power kW 0,49 0,15 0,53 0,15 0,57 0,19 0,7 0,19
Total power requirement kW 479,49| 46,15| 670,53 | 93,15 | 862,57 | 84,19 | 1054,70| 102,19
Produced energy kw 433,0| 0,0 607,0 0,0 780,0 0,0 953,0 0,0

It can be seen that the amount of energy to beucoed
is increased proportionally with the growth of dhedivery

at 22,000 r#h. Energy demand for preheating gas is also
increasing proportionally. The energy demand ofdhe

task. While at 10,000 fih, 433 kW of energy can be boiler is almost always at least 99% of the in\e:steergy

extracted with a turbo expander, 953 kW can beywed

requirement, but this is technological use of redtgas
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within the gas transmission system, which can befthe natural gas from the supply line increattesenergy
accounted for by a system operator at a signifigdmiver demand of the preheating is reduced. It can alssebea
price. The required pump power does not exceed 1HdNV that in case of a given transport capacity, theemse of
the gas flow of 10,000 fth, nearly 520 kW of heat output the gas temperature does not affect the energyipeddoy
is required for the theoretical performance of k88 thus the turbo expander. At the same time, if the gapezature
87 kW own energy investment is required. In theeaafs increases, the boiler's power requirement is retiutthile
the pressure regulator there is no power genera8ibkW in the case of 10,000%h, at 4 °C, nearly 520 kW power
of heat is required for the preheating of the gasaintain demand was required during the preheating of gathd
the prescribed 0 °C and 6 bar. case of 12 °C this value is reduced to 480 kW. Hewnen
With pressure regulation using a turbo expandes, thboth cases 433 kW can be gained with a turbo exggand
power requirement for 22,0003 is 1,143 kW due to While in the former case there is a difference Bfk8V
natural gas preheating and 953 kW mechanical ghty)i  between the heating circuit and the output poweithe
lower electrical output is achievable. When thegerature latter case it is only 47 kW. Table 2 summarizes th
dependence is investigated using the energy batd#ribe calculation results for a 55 bar inlet pressure.
gas transfer stations, it is apparent that aseimpérature

Table 2 The amount of produced energy at 55 bar inlet pressure

p= 55 bar Unit | Q=10,000 i¥h | Q=14,000 n¥h | Q=18,000 ni’h Q=22,000 n¥h
T=4°C Exp. | Valve | Exp. | Valve Exp. Valve Exp. Valve
Heating power kw 5950 | 114,0] 832,0 160, 10700 2040 1308,0 @2,
Pump power kw 0,53 0,15 0,62 0,19 0,71 0,2f 0,80 0,30
Total power requirement kW 595,53| 114,15] 832,62| 160,19] 1070,71| 206,26] 1308,80| 252,30
Produced energy kW 481,0 0,0 673,0 0,0 866,0 0,0 1059,0 | 0,0
T=8°C Exp. | Valve | Exp. | Valve Exp. Valve Exp. Valve
Heating power kw 573,0 93,0 803,00 130,4 1032/0 16740 1268,0 244,0
Pump power kw 0,53 0,15 0,62 0,19 0,71 0,2f 0,8 0,30
Total power requirement kW 573,53| 93,15 | 803,62| 130,19] 1032,71| 167,26] 1262,80( 204,30
Produced energy kW 481,0 0,0 673,0 0,0 866,0 0,0 1059,0 | 0,0
T=12°C Exp. | Valve | Exp. | Valve Exp. Valve Exp. Valve
Heating power kw 552,0 72,0 773,0 101,( 995, 13040 1217,0 199,0
Pump power kw 0,53 0,15 0,62 0,19 0,70 0,2f 0,8 0,30
Total power requirement kW 552,53 72,15 | 773,62| 101,19] 995,70 | 130,26] 1217,80| 159,30
Produced energy kW 481,0 0,0 673,0 0,0 866,0 0,0 1059,0 | 0,0

Compared with the above tested variants, an elgvate It can be stated that in the case of higher-tentpera
pressure increased the power required for bothgee natural gas there is a lower pre-heating demands th
preheating and the power produced by the turboradgra ultimately less power and energy demand for pressur

By comparing the power balance of the 10 0Gthm regulation. It can be stated that at higher natgasd
and 4 °C at 45 bar and 55 bar, it can be seerathagher temperatures the process of pressure regulatidm tha
power requirement is due to the higher inlet pnesssout  turbo expander can be operated more economically.
the recoverable power by the turbo expander wib al
increase. This can be explained by the higher amoiun 5.2.2 Examination of Medium Capacity Gas
cold energy due to the increased pressure. Dhe tuigher Transfer Station
inlet pressure, it is necessary to maintain a highe The gas transfer stations in this category aréhéurt
temperature in the preheating process which regare away from the compressor station and the number of
higher amount of water due to the pressure builtbupeet supplied consumers is smaller. The presumed arrival
the boundary conditions of the outlet point of tha@s pressure is between 35 and 40 bar, the maximunctitgpa
transfer station. of the gas transfer station is in the range of 3,1@06,000

m/h.
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Table 3 The amount of produced energy at medium capacity gas transfer station
35 bar 40 bar

Unit | Q=3,000n%h | Q=6,000n¥h | Q=3,000n¥h | Q=6,000 n¥h
T=4°C Exp. | Valve| Exp. | Valve| Exp. | Valve] Exp.| Valve
Heating power kw 130,0 18,0 259,0 36,0 143,0 220 286,0 44,0
Pump power kw 0,35 0,10 0,41 0,11 0,42 0,1p 0,48 0,13
Total power requirement kW 130,35| 18,10 | 259,41 | 36,11 | 143,42| 22,12 | 286,48 | 44,13
Produced energy kw 1130 | 0,0 2250 | 0,0 1220 | 0,0 2440 0,0
T=8°C Exp. | Valve| Exp. | Valve| Exp. | Valve] Exp.| Valve
Heating power kw 124,0 93,0 248,0 24,0 137, 160 275,0 32,0
Pump power kw 0,35 0,15 0,39 0,16 0,43 0,1y 0,51 0,17
Total power requirement kW 124,35| 93,15| 248,39| 24,16 | 137,43| 16,17 | 275,51 | 32,17
Produced energy kw 1130 | 0,0 2250 | 0,0 1220 | 0,0 2440 0,0
T=12°C Exp. | Valve| Exp. | Valve| Exp. | Valve] Exp.| Valve
Heating power kw 118,0 7,0 236,0 13,0 131,0 100 263,0 23,0
Pump power kw 0,35 0,15 0,40 0,19 0,45 0,2B 0,54 0,26
Total power requirement kW 118,35 7,15 | 236,40| 13,19 131,45| 10,23 | 263,54 | 20,26
Produced energy kw 1130 | 0,0 2250 | 0,0 1220 | 0,0 2440 0,0

In Table 3, the elements of the energy balanceg#an5.2.3  Examination of Small Capacity Gas Transfer
in the same way as in the case of medium gas feowts Station with Small Inlet Pressure
pressures as in the case of high pressure capsaiigns. If the gas transfer station is far away from the

In addition to a given natural gas flow rate, thedretical compressor station, the inlet pressure of theostadismall,
energy balance is more favourable if the tempegatfithe it is in the range of 25 to 30 bar compared togrevious
arriving natural gas is higher, as this resulta reduction categories. This is accompanied by a small maxiroaiah,

in the demand for gas preheating. Based on theealiov assuming a hourly natural gas quantity of 1,00Q,680

can be said that, if the pressure is higher, teerttical m3.

gain is greater from the process, but more enarggéded. Table 4 shows that very little performance valuageh
Overall, the change is unfavourable. been reported in each element of the theoreticatggn

balance compared to the previous two categories.

Table 4 The amount of produced energy at small capacity gas transfer station

25 bar 30 bar

Unit Q=1,000 n¥/h | Q=2,000 n¥/h | Q=1,000 n¥h | Q=2,000 ni’/h
T=4°C Exp. | Valve| Exp. | Valve| Exp.| Valve|] Exp.| Valve
Heating power kw 33,0 3,5 65,0 7,0 38,0 5,0 75,0 100
Pump power kw 0,20 0,10 0,22 0,11 0,27 0,1p 0,22 0,13
Total power requirement kW 33,20 3,10 | 65,22 | 7,11 | 38,22 | 5,12 | 75,22 | 10,13
Produced energy kw 220 | 3,10 | 5,22 | 7,11 | 4,22 | 5,12 7,22 | 10,13
T=8°C Exp. | Valve| Exp. | Valve| Exp.| Valve|] Exp.| Valve
Heating power kw 31,0 1,5 61,0 2,5 37,0 3,0 71, 6,
Pump power kw 0,20 0,10 0,20 0,10 0,27 0,1p 0,21L 0,13
Total power requirement kW 31,20 1,60 | 61,20| 2,60 | 37,22 | 3,12 | 71,21 | 6,13
Produced energy kW 30,0 0,0 60,0 0,0 34,0 0,0 68,0 0,0
T=12°C Exp. | Valve| Exp. | Valve| Exp.| Valve|] Exp.| Valve
Heating power kw 30,0 0,5 60,0 1,0 34,0 1,0 64, 2,0
Pump power kw 0,20 0,10 0,20 0,08 0,21 0,11 0,2D 0,12
Total power requirement kW 30,20 0,15 ] 60,20| 1,08 | 34,21 | 1,11 | 64,20 | 2,12
Produced energy kW 30,0 0,0 60,0 0,0 34,0 0,0 68,0 0,0
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It can be stated, therefore, that in the caseatiosts

transfer stations at such conditions cannot be qzexh

with small arriving pressure and small gas flowe thenergetically.

importance of energy production with turbo expandets
is negligible. It can be stated that the replacdnoérthe
pressure regulating equipment by a turbo expamdgas

Figure 4 shows a summary of the results of thamess
presented so far. On the vertical axis, the thasalet
performance of the turbo expander unit is preseintéade
process, expressed in units of kW.

1200

=
(o] o o
o o o
o o o
1 1 1
1

400

Produced energy [KW]

200

2000 6000

10000
Flow rate of the natural gas [n¥/h]

14000 18000 22000

Figure 4 Theoretical production of electricity, depending on the pressureratio and the amount of natural gas

The horizontal axis shows the maximum gas flovhef t station with a maximum capacity of 22,006/m higher
gas transfer stations, irffin unit. Each curve expresses thepower generation occurs when the specified endt poin

pressure ratio that can be derived from the imesqure of
the gas transfer station and from the fixed 6 hateb
pressure considered as the base parameter. Okcdues
pressure reduction process from 25 bar to 6 baahlaso
of 4.2: 1, a pressure ratio of 5.0: 1 for the psscieom 30
bar to 6 bar, and thus the maximum 55 bar for witieh
pressure ratio of 9.2: 1 is given in the figurexabo

In Figure 4, only the amount of energy extractedhay
turbo expander was depicted, without the poweriredqu
to preheat the natural gas. Observing the figlirpressure
curves are located at almost a single startingt foira gas
transfer station with a load of 2,006/m As the maximum
flow rate of the gas transfer station increases,amount
of energy that can be produced increases. It czm k=

conditions are 0 °C and 6 bar achieved by an pritsure
of 55 bar and not the minimum pressure of 25 bar.
Figure 5 depicts temperature change curves footurb
expander and for conventional pressure controlevals a
function of pressure drop. At the inlet point o tturbo
expander, a significantly higher temperature isiiregl to
ensure that at the end of the isentropic processiditural
gas temperature is above 0 °C. It can be seen them
figure that at a pressure drop of 19 bar, in thge caf
isenthalpic throttle, only a decrease of 10.7 °€ucs; the
isentropic expansion results in a decrease of appetely
74 °C. Obviously, increasing pressure drop is aaseit
with an increasing temperature change. At 49 besure
change, in the case of isenthalpic case the temupera

observed that at higher pressure ratios, more gnerdifference slightly exceeds 20 °C; in the isentcdf20 °C

production can be achieved. In the case of a gasfar

is required to meet the 0 °C criteria.
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Figure 5 Temperature drop depending on pressure drop
6 Conclusion itis a gas boiler, it does not use electricityt, ises natural

The replacement of pressure regulators installédeat gas for its own use, which the natural gas transions
gas transfer stations with turbo expander has bpplied  System operator can account for at a significalutiyer
since the 1980s. Using cold energy that can beaebetd Price.
during the isentropic pressure regulating process, The expansion of the expansion turbines on gasfean
e|ectricity can be generated using a Connectedrgm'ne stations is becoming more common in the World,raady
which is widely used. examples serve as evidence. More and more pr@eds

The energy efficiency of the turbo expander inethit ~ Studies deal with the topic around the world, @sidtency
the domestic gas transfer stations was investigated inherentin the process seems to be justified forenergy
which the Aspen HYSYS simulation software was usedhanagement point of view.

The fulfilment of the 0 °C and 6 bar criteria settli in

UKSZ was considered to be the basic condition deoto

ensure the supply of high-medium distribution netwo Acknowledgments _

through the gas-transfer station in a regulatenidssork. ~ The described work/article was carried out as phathe

The simulation could be implemented using a moglel bSustainable Raw Material Management Thematic
installing a turbo expander unit on the controlniota On  Network — RING 2017", EFOP-3.6.2-16-2017-00010
the parallel control line a conventional pressusatml —Project in the framework of the Széchenyi2020 Paogr
valve was used. The realization of this project is supported byHueopean

It has been found that the replacement of pressug#ion, co-financed by the European Social Fund.
control valves is highly desirable for gas transf@ations
with high pressure and high gas flow. In the cdselarge
(22,000 n/h) gas load, up to 1 MW of theoretical energyReferences
can be extracted from the pressure regulating psoda [1] A Framework Strategy for a Resilient Energy Union
the case of medium and low-arrival pressure andaigp with a Forward-Looking Climate Change Policy,
stations, however, there is a lower level of energy European Commission, COM(2015) 80 final, 2015.
production, which is why it is not advisable totalsturbo  [2] TIHANYI, L., ZSUGA, J.: Féldgazszallité rendsek
expander. tervezése és létesitése, University of Miskolc, NSB

We have found that turbo expander pressure regolati  978-963-661-999-2, 2012. (Original in Hungarian)
requires very high temperatures in front of the tmimeet [3] TIHANYI, L., CHOVAN, P.: Gazszallitd rendszerek
the output side 0 °C temperature criteria. Theesfthre gas energetikai elemzése, Magyar Energetika, Vol. 22,

should be heated to a higher temperature thanottiaie Issue 4, pp. 40-43, 2015. (Original in Hungarian)
isenthalpic throttle. Thus, the boiler for prehegtiequires [4] A Magyar Foldgazrendszer Uzemi és Kereskedelmi
greater power than in the case using a controevaince Szabalyzata (2015), Available:

~12 ~

Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia - International Scientific Journal about Technologies
Volume: 4 2018 Issue: 1 Pages: 5-13 ISSN 2453-675X

GAS TRANSFER STATIONS

INVESTIGATION OF PRESSURE REGULATOR REPLACEMENT BY TURBO EXPANDER IN HUNGARIAN

Anna Bella Galyas; Laszl6 Tihanyi; Istvan Szunyog; Laszl6 Kis

https://fgsz.hu/sites/default/files/dokumentumaoligp
abalyok/publikalt_torzs 6454-2015 mekh
_hat_alapjan.pd{Original in Hungarian)

[5] Interstate Natural Gas Association of America Waste
Energy Recovery Opportunities for Interstate Ndturg{12] FARZANEH-GORD, M.,

Gas Pipelines, Available: http://www.ingaa.org/fie
px?id=6210, 2008.
[6] ARDALI, E. K,

HEYBATIAN, E.. Energy

Regeneration in Natural Gas Pressure Reduction
Stations by Use if Gas Turbo Expander; Evaluation o

Available Potential in Iran, Argentina, 24Vorld Gas
Conference, 2009.

Joint Committee for Renewable Energy, Energy
Efficiency and Environmental Protection, Available:
http://egyptera.org/Downloads/eveiistboexpander
%20Report,%2024%20 Nov.-MSE.pdf, 2013.
MANZARI, M.,
MAGRABI, M., HASHEMI, S., EFTEKHARI, H.,
FAROKHI, A.: Using pressure exergy of natural gas
in Bandar-Abbas refinery gas pressure drop
station, The second International conference on
Modeling, Simulation, And Applied
optimization, Abu Dhabi, UAE, 2007.

[13] RAHMAN, M.: Power generation from pressure
[7] POZIVIL, J.: Use of Expansion Turbines in Natural

reduction in the natural gas supply chain in

Gas Pressure Reduction Stations, Acta Montanistica Bangladesh, Journal of Mechanical Engineering, Vol.

Slovaca, Vol. 9, Issue 3, pp. 258-260, 2009.

41, Issue 2, pp. 89-95, 2010.

[8] BISIO, G.: Thermodinamic Analysis of the Use of[14] RHEUBAN, J.: Turbo expanders, Harnessing the

Pressure Exergy of Natural Gas, Energy, Vol. 2yds
2, pp. 161-167, 1995.

[9] BLOCH, H., SOARES, C.: Turboexpanders and
Process Applications, Gulf Professional, ISBN 978-0

88415-509-6, 2001.

Hidden Potential of Our Natural Gas Distribution
System, Available: http://jacobrheuban.com/
2009/03/09/turboexpanders-harnessing-the-hidden-
potential-of-our-natural-gas-distributi@ystem/,
2009.

[10] DELGADO CALIN, G.: Energy Efficiency Projects [15] KOWALA, D.: Using the gas pressure potential for
with Turboexpanders Application to Combined Cycle  electricity generation at Pressure Reduction Stafio
Power Plants, 20th International Congress on Frojec GERG Academic Network Event, Brussels, 2007.
Management and Engineering, Cartagena, 2016.

[L1] ELSOBKI, M.: Boosting Capacity of Electric
Generation through the use of Turbo expanders Review process
Natural Gas Network, Egyptian German High LeveBingle-blind peer review process.

~ 13 ~

Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia - International Scientific Journal about Technologies
Volume: 4 2018 Issue: 1 Pages: 15-19 ISSN 2453-675X

BIOMEDICAL ENGINEERING AND PROTEOMICS
Marianna Trebutiova; Jozef Ziveéak

doi:10.22306/atec.v4i1.34 Received: 26 Mar. 2018
Accepted: 30 Mar. 2018

BIOMEDICAL ENGINEERING AND PROTEOMICS

Marianna Trebuova
Technical University of KoSice, Faculty of Mechaai&ngineering, Department of Biomedical Enginegiand
Measurement, Letna 9, 042 00 Kosice, Slovakia,anar.trebunova@tuke.sk (corresponding author)
Jozef Zivéak
Technical University of KoSice, Faculty of Mechaadi&ngineering, Department of Biomedical Enginegiand
Measurement, Letnd 9, 042 00 KoSice, Slovakiafjpxeak@tuke.sk

Keywords. proteomics, proteins, genes

Abgtract: The term “proteomics" was created in 1997, by@mabf genomics, genome studies. "Proteom" refeis t
mixture of proteins and genome and was created asctvn Wilkins in 1994. Proteomics is the large-scatlidy of

proteins, particularly their structures and funesioProteins are vital parts of living organisns tleey are the main
components of the physiological metabolic pathvafy=lls. After genomics and transcriptomics, poatés is the “next

step” in the study of biological systems. It is maromplicated than genomics because an organisnang is

approximated by the constant, whereas the protetifiees from cell to cell and from time to time. €hinct genes are
expressed in different cell types, which means d¢lvah the basic set of proteins that are produtedcell needs to be
identified.

1 Defining proteomics goals robust technique that is able to provide the ddsire

Protein study, determination of its amount, primarroteomic data much faster, more reliably and more
structure, higher structures, their functions ahdnges accurately.
under different conditions is not a new task ofidgécal Today, we are aware that the path from genomics to
sciences. At the turn of the 20th and 21st cergurigProteomics would not have been possible without the
however, two new moments began to be more promineiplication of improved bioengineering techniquesig
in this endeavor. Despite the significant contiitnutof ~Mass spectrometry principles. There is probablyther
molecular genetics to many issues, we still cangnat a current technique that would overcome the mass
satisfactory response, including the answer tajthestion Spectrometer in a variety of applications in baaiu
of how and how many genes a function performsni o applied research as well as in diagnostics [1].
gene only corresponds to one final product, thenveould
have no more than 25,000 proteins. Since protemshe 2  Why is not the number of proteins
centerpiece in understanding cellular functionsve as consistent with the number of genes?
disease processes, without knowing the relationship Thanks to molecular genetics and its methods wevkno
between genes and proteins, it is not possible d&em the composition of the genome (nucleotide sequeate)
effective use of the knowledge of the genomic ergnany microorganisms, model higher organisms asaeell
In 1994, the role of proteomics was defined as thgenome of its own kind. However, the nucleotidacttire
identification and characterization of all proteexpressed of the gene is only a chemical information templated
in the organism, but it soon became apparent thable  although this information for knowledge and praetis
was also to determine the amount, function, loesittn  extremely valuable, it does not give a satisfactrgwer
and post-translational modification of these prwei to the question of what is in fact the functionadits of
present in the cell at a given moment. The truth tat  this information. We know that the genome consibtsly
been as well defined because it has not evaluaeeeffect ahout 25,000 genes and not 100,000 than originally
of envirobiomechanical, metabolic, pharmacologicahssumed. On the other hand, there are estimateththa
genetic and pathological conditions on the proteomestal number of protein variants, including post-
We can summarize that the goal of proteomics getoa  translational ones, can be as high as 300,000 rimahs.
global and integrated view of biology by studyintiet How could more proteins be produced from a given
complete cell protein network rather than by stodyi number of genes? Current known solutions to thiagx
individual proteins. The second goal is not onlydentify  are at the RNA level as well as at the level of the
proteins, but also to understand their functionstnacture  synthesized proteins.
and to create a 3D map of the cells (to determitee t = One answer is that each gene can encode morenotei
localization ~ of  the  individual  proteins). in a process called alternate splicing. Alternaipécing
Another significant milestone for the above-mengidn means that one gene can produce different mRNA
goals has also been the unprecedented methoddlogiggoducts, and thus different proteins. Another asis
possibilities of separation and analysis of prateising a that one protein can be chemically modified afteisi
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synthesized so as to obtain another function. Tirel t adenylation, adenosyl ribosylation, glycosylatiord éhe
answer is that proteins interact with each othemoimplex like. Other changes may be caused by cleavagearftaf
ways that could change their function. Thus, omeegean the chain or modification of the amino acid resgl{H.
produce several, functionally different proteinsniany Some primary transcripts (for mRNA) undergo altéena
different ways. splicing, which will allow the formation of two amore

The known mechanisms of the formation oftypes of mMRNA. Polyadenylation may also affectfihel
functionally different protein variants by postrisdational mRNA structure. These processes are illustrated in
processing include acetylation, phosphorylatiorfigure 1.

DNA A‘ »| RNA

‘

protein sequence

mRNA sequence

Cavia porcellus cytocheome PASD (Cypiat &) cytocheome P50 [Cavia porcelus] (Cypiat1di
»I90S4 3459irefNM_001173116 1] Cavia porcedus cylochrome P4S0 »PI2905 1490 tNP_001166587 1] cyocheome P450
|Cavia poscela)

Modification of proteins

P4 ! N

v

post- proteolysis | other
translation

modification

TAA

Figure 1 The emergence of different proteins.

3  Proteins molecules (insulin, somatotropin, growth hormones),

Proteins are polymer chains composed of monomes§uctural proteins (collagen, elastin) and reaeptoteins
called amino acids. Proteins are an essentialgbavery - Serving as external signal receptors. _
biological system and participate in every prodesthe ~ We distinguish four protein structures (Figure 2):
cell. Together with nucleic acids, lipids and sisgahey Primary structure - amino acid sequence in thepeptide
form a group of biopolymers that condition the teige chain, secondary structure - local 3-D “folding” thie
of living systems. polypeptide chain - the most commonly occurring

Functions and importance of proteins: Enzyme pnatei Structuresu-helix, - a loop, a tertiary structure - the total
- biocatalysts of many chemical reactions in bimay 3-D structure of the polypeptide, comprising a mpat
systems, transport proteins - transfer of necessatjfangement of the side chains and the geomettireof
substances to preserve life inside the biologicgamism arrangement between the distant portions of the
(myoglobin, hemoglobin, serum albumin). Protectivéolypeptide chain and the quaternary structure nthtual
proteins - Protective function (immunoglobulins)arrangement of several polypeptides in the prdi#.
regulatory proteins - hormones - control and regpria
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Figure 2 Protein structures [2,3]
Protein folding contribution of other interactions must also beetainto

Protein folding is a physical process in which th@ccount (in particular, the formation of hydrogesnts
polypeptide chain is packed into a characteristiz 3between the amino acid residues together as wdlhes
structure for a given protein (Figure 3). The medta of binding of these molecules with the solvent moles)l
the folding protein has not yet been explicitly kxped, The process of in-vivo protein packaging often sagkace
and this remains one of the most attractive unvesol during the synthesis of the polypeptide chain bogomes.
problems in science. The 3D structure of proteiss iThe N-terminus of this chain is already bundledlevktie
determined by the amino acid sequence in the pptigee  C-terminus of the polypeptide is still synthesizédthis
chain under the physicochemical conditions (tempega process, chaperones play a very important role.
pH, ionic strength, solvent type). Chaperones are molecules (of protein origin) thiatva

It is generally accepted that the minimization oproper packaging of proteins in vivo and preverg th
hydrophobic amino acid contacts with water molesuge formation of protein aggregates. The rate of protei
the "driving force" of the packaging process, bhe t aggregation depends on the size of the proteirtranouter
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packing conditions. Small single-domain proteires @ole

to acquire their native 3D structure in a few raditonds. m

Packing large multisubunit proteins takes placer ove — —

several intermediates and can take several dozeuatesi

or even hours. The number of possible differen g

conformations of the polypeptide chain is very &afg.g., T~

for a polypeptide consisting of 300 amino acidss thi -

numbeFr) isyriopl43). So, if thgJ process of proteilision Proteomics

was randomized through all the possible conformatio proteomics of the proteomics

states, it would take this process for a long tifiime disease

longer than the age of the universe), but the pretare Figure 4 Current proteomics

getting too quickly - the Levinthal paradox. Itdgar that

the folding protein can not be accomplished by canl¢l  Fynctional Proteomics - The amount of individual proteins

searching for the "correct” conformational statetleé s affected by transcription factors. These ar¢ofacthat

protein. Incorrectly packed proteins are respoesibl  enter the nucleus and bind to specific DNA segments

several inflammatory diseases: Creutzfeldt-Jactl®de, (enhancers, promoters). These factors can inteirctly

bovine ~ spongiform encephalopathy, amyloid plaqugr indirectly with the transcription apparatus. thermore,

formation and spleen (Alzheimer's disease). Altiwse there is the influence of epigenetic factors (imfwicaused

diseases are caused by the formation of aggregitespy dgifferent gene-methylation methylation). Functib

improperly packed proteins. In the case of Alzheime state of proteins can be explained by post-traosialt

disease, it is the formation of amyloid plaquestirthe  mqgifications of proteins, especially phosphoryai

amyloid B protein (the proteolytic product of theoid  giycosylation. Functional proteomics will help tocdate

precursor protein). At high concentrations, thes#einS  enzyme catalysis, transport functions, immunityrvae

change their tertiary structure, resuling in theifmpulse transmission, growth regulation, and cell

aggregation. The amyloid plaques thus formed agfiferentiation. It could also help explain the gesses of

deposited around the neurons [4]. aging and the different predisposition to disease.

Proteomics of the disease - has the potential to capture
pathology at an early stage, to determine moraselgahe
etiopathogenesis and individual variability of nelkar
phenomena. It will play an important role in elwtidg the
mechanisms of cancer, neurodegenerative, psyclealogi
(Alzheimer's, Parkinson's disease, schizophrenia),
inflammatory and metabolic diseases. The fastest
development can be observed in oncoproteomicsivalirv
Growth, Invasiveness of Tumor Cells - At the robtte
genetic defect, there must also be alteration oftfonal
proteins. The proteomic approach will provide impot
information about altered cellular signaling paths.

Unfolded Folded

Clinical Proteomics - The goal is to discover, find proteins

that will be of medical significance. These aregirts that

. can be used as diagnostic markers because thegssign

4 _SCheme of current prOteom'CS ) under specific physiological and pathological ctiods
Figure 4 shows a graphical representation Qi pe significantly increased (inflammatory, irtéous,

proteomics and its other disciplines. cancerous). Comparing the sensitivity and spetffici

L , parameters of most of the onome markers with proieo
Sructural proteomics - its goal should be to determine th€y, 4 kers favor the use of proteomic markers.

structure, the amount of proteins including thepprtion
of post-translationally modified molecules, the uoalt
protein interactions, as well as the relationsHiprotein
variants to the structure of the gene. It may kad to the
creation of protein maps for different cell typesthw
different physiological and pathological conditions

Figure 3 Protein folding [5]

Pharmacoproteomics - Knowing specific proteomic
changes in various diseases can influence theidedis
select appropriate therapy. At the same time, fhyera
efficacy and toxicity could be monitored at thediewf
protein spectrum changes and their functional stdfl
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Conclusions

Nowadays proteomics is not applied in the Slovak
Republic either in medical-oriented research atlimical
practice. Our aim is to provide information on therent
possibilities of proteomics, but also to point out
weaknesses in the development of this departmetttein
SR. The advancement of the company in strategiorsec
such as proteomics is a strong support for bothicakand
biomedical engineering applications [1].
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