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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] .}
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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

~8~

Copyright © Acta Tecnologia, www.actatecnologia.eu



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

INVESTIGATION OF PRESSURE REGULATOR REPLACEMENT BY TURBO EXPANDER IN HUNGARIAN
GAS TRANSFER STATIONS
Anna Bella Galyas; Laszl6 Tihanyi; Istvan Szunyog; Laszl6 Kis

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
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o o o
o o o
1 1 1
1

400

Produced energy [KW]

200
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10000
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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
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