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Abstract: The authors focused on the possibility of using low-potential energy from groundwater by means of heat pumps
in the Košice region for recreational purposes as an alternative to geothermal energy obtained from large depths. The
article deals with the hydrogeological suitability of the Košice region territory for the use of water-water heat pumps,
suitable technical works in the digging of wells as prepare exploitation well and re-injections well, and outputs, while
also trying to point out the economics benefits of using low-potential energy from groundwater against to geothermal
energy obtained from large depths.

1

Introduction

Nowadays, geothermal energy is used for recreational
and medical purposes, mainly obtained from geothermal
wells reaching a depth of about 2500-3000 m in diameter.
This is necessary due to the geothermal gradient, which
reaches up to 1°C at 30 m of the drilling depth in most of
the territory of the Slovak Republic. For example, some
territories in Hungary, where the use of geothermal energy
for recreational and medical purposes is already a long
tradition, achieve a geothermal gradient of 1°C to 20 m
and, in some exceptional cases, 1°C to 15 m, which in
practice means that it does not require to be drilled to
depths like in our area. This is mainly due to the
appropriate geological structure of the area. Of course, it
must be water-borne horizons, because water is a medium
that ensures the transfer of thermal energy from large
depths to the surface. This must be preceded by a rigorous
geological survey. All this means huge costs to the
exploration itself, as well as to the drilling and replacement
of mining and cooling systems, and so on. Under our
conditions, the price of 1 bm of a borehole in deep
boreholes varies between 1300 - 1650 €, which is about
3,000 m deep drilling about 4,5 - 5,0 mil. €. At such a depth
it is possible to obtain water at a temperature of about 90100 °C [1][2].
As a suitable alternative, we can see the possibility of
using low-potential geothermal energy from quaternary
groundwater, ie from relatively small depths, where there
is sufficient yield of these groundwater, even though this
groundwater reaches temperatures in the range of 10-12°C.
However, even with such low temperatures and sufficient
efficiency, it is possible to use thermal water pumps using
water-water heat pumps to obtain thermal water at hightemperature heat pumps up to 65°C, which should very
well cover the water temperature requirements for

recreational and medical purposes. Basically, the water
temperature for these purposes ranges from 26°C to 40°C.
Of course, the excess heat obtained can be used for heating
purposes as well as heating of domestic water..
The advantage of using heat pumps is also the fact that
during the summer months it is not necessary to push the
cooled water at the outlet from the heat pump into the
intake wells, but it is possible to use this water at a
temperature of about 5°C - 7°C to cool the interior spaces,
in fact, it will be actually air conditioning. It is worth
mentioning that the power of the high-quality pumps is
about 35% in relation to the power, which is a huge
advantage over conventional gas heating, respectively
electricity [3].

2

Hydrogeological proportions in the
Košice region

The hydrogeological examination of the part of Košice
basin is fairly even. Most of the exploration work and
evaluation was concentrated here on the groundwater of
quaternary collectors and, to a lesser extent, on neogene
sediments. The entire studied area is a part of the territory
shown on the page 38 Kosice baseline hydrogeological
map of scale 1: 200,000 [4] and underground water
chemistry maps at the same scale. Textual explanatory
notes to the basic hydrogeological map were prepared by
Škvarka et al. [5]. The basic data on hydrogeology of
quaternary sediments in the assessed area were provided by
the work of Struňák [6], Šindler [7], Ondizkova [8] and
Frankovič [9]. Later on, Halešová et al. [10,11] discussed
this issue. A valuable regional summary of the findings is
also provided by Šindler et al. [12] and Halešová with
Petrivaldský [13], in which numerous local works are
summarized. From a hydraulic point of view, the region of
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Košice basin as a whole was evaluated by Jetel and
Kaličiak et al. [14].
The area under assessment is the hydrogeological
region Q 125 - the Hornad quaternary in which two subareas HD-10 and HD-40 are allocated.
From a hydrogeological and structural perspective, the
territory consists of a layer of water in the sedimentary
collectors of the quaternary.
The uppermost part of the sediments consists of flood
plains with a thickness in the range of 0.4 - 2.6 m. From the
flow and accumulation of groundwater point of view, the
layer of sandy gravel with a thickness of 3.3 to 11.7 m is
the most important. The groundwater level at the time of
drilling was most often found at a depth of about 2.0 m. A
greater number of hydrogeological boreholes are
concentrated between Košice and Čaňa, whose maximal
values of substantiality [15-17], are from 0.3 to 25.0 l.s-1.
Some of these wells are used partly as local drinking water
sources.
Towards the west, in further distance from Hornád,
there is a territory that is part of the HD 20 partial terrain
(Hornád terraces). Their lithological composition is more
varied than sediment in the valley, mainly due to the more
frequent presence of the sand fraction, whether in clay or
gravel. The topmost layer of slats does not exceed 1.2 m.
The drained collector also includes sandy gravels with an
average thickness exceeding 10.0 m. The groundwater
level is at greater depths (5.24 - 6.8 m p. T). Earlier
exploratory work [10] confirmed the general knowledge of
the low usability of groundwater from this environment.
The average yield per one well does not exceed 2.0 l.s-1
[17].
Findings about the possibility of acquiring larger
amount of groundwater have also yielded research work
[15] aimed at deeper (50 to 150 m) layered gravel and
sandy strata of neogen. This is the so- artesian horizons
(wells with a positive groundwater level passing through
their discharge), in which the yield per one bore is more
than 10.0 l.s-1.

3

Evaluation of means of acquiring
groundwater for given purposes

Based on the above-mentioned knowledge of the
hydrogeological ratios of the area of interest, it can be
stated that the area of interest in considering the use of
groundwater for the operation of heat pumps has very good
assumptions in this respect.
In the territory of the southern outskirts of Košíc,
several boreholes have been carried out to verify the
quantity and quality of groundwater, focused on shallow
quaternary sediments, as well as on deeper deposited
neogene layers. The parameters of the boreholes in
question are given in the following Table 1.
In order to ensure the operation of water-water heat
pumps with an approximate output of about 1 MW,
approximately 35 l.s-1 will be required from the specified

area. This would be possible to achieve 3-4 farm wells and
the same number of wells. In order to provide a water
source for the normal operation of the necessary
equipment, one water well (well) of about 10 l.s-1 should
be sufficient, but it is also necessary to consider the
appropriate reservoir - reservoir of a water source in order
to meet the hygienic standards. The location of the
individual wells should be consulted with the prospective
designer. The distances between the individual wells
should range from 40 to 50 m in order to avoid the possible
influence of the individual wells in terms of their yield and
possibly possible cooling [19].
Table 1 Characteristic data hg boreholes

Borehole
Marking
VS-9
VS-10
VS-12
VS-13
VS-14
VS-15
VS-15
KAH-6

4

Borehole
Depth
h [m]
8,0
8,7
10,2
8,5
8,5
8,5
8,2
163,6

Water
Temperature
t[°C]
12,0
11,0
12,0
11,0
13,0
13,0
12,0
16,0

Richness
Q[l.s1-1]
1,42
7,14
2,32
7,60
7,60
14,20
3,30
14,47

Design of suitable heat pump system

Modern electric heat pumps today are an exceptionally
ecological option for heat generation. Advanced control
systems, efficient compressors as well as sophisticated
serial production ensure that modern heat pumps from one
piece of electrical current produce up to five parts of heat.
Heat pumps can provide heat production monovalently,
that is without an additional heat source. Operating costs
are significantly lower than conventional heating
equipment, which compensates for higher investment over
a relatively short period of time. In terms of reliability,
unlike in recent years, these devices meet the strictest
requirements [20].
For the sake of clarity we will model the use of a
cascade-coupled heat pump system. This could be a 3piece York-Johnson Controls YLCS water-water heat
pump of 350 kW (Figure 1), which would mean a
maximum output of 1050 kW. Cascaded plugging is more
cost-effective, increasing operational reliability of the
entire device.

Figure 1 York Johnson Controls: model YLCS of 350 kW
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To predict water heating in pool areas, we try to model
the need for heat supplied by the heat pump system. Since
we do not know exactly how much water will be heated,
we will try to process several variants. We expect the
average depth in pools of 1m and an area of 500m2, 1000m2
and 1500m2. The required temperature in pools where the
water will be heated is assumed to be 38˚C. It should also
be said that these heat pumps can be used at the same time
in addition to the heating of water and heating, as well as
cooling, that is, the air conditioning used in the summer
months. Of course, the combination of solar thermal
collectors, which can have a great impact on the reduction
of power, especially during the summer months between
March and October, will also be a suitable addition to the
water heating.

5

Determination of the energy balance for
pool water heating

Pools in thermal swimming pools are most often filled
with water with 27-40°C, which is produced by mixing hot
water with cold water in such a proportion as to achieve the
required pool water temperature. The filling time depends
on the capacity of the water sources. Full water exchange
in swimming pools with a flow system takes place within
short periods of time (1 – 7 days).
Pools are normally filled at night to avoid interrupting
the operation of pools. For this reason, it is preferable to
build several smaller pools instead of one large. When
replacing water with a non-circulating filler system, the
pool swells at the beginning of the season and then
complements it, which significantly reduces the demand
for both hot and cold water. Water recirculation is
considered to be the most perfect way of replacing water in
which a certain amount of water is pumped out and
recirculated through the filtration plant. The treatment
plant must have sufficient capacity resulting from the
volume and intensity of the recirculation. The intensity of
recirculation is determined by the theoretical time of water
retention in the pool and is expressed in hours relative to
the average depth of the pool.
The dimensioning of the energy needed to heat the pool
water influences to a large extent the swimming pool type
(outdoor, indoor), the required parameters of the pool
water, the method of limiting the heat losses of swimming
pools. The design envisages outdoor, open swimming
pools with year-round operation, without hiding pools. The
design will be made for pools with a temperature of 36-38
°C and a total pool area of 800, 1000, 1300 and 1500 m2
and therefore at a water depth of 1m with a volume of 800,
1000, 1300 and 1500 m3. Climate and weather conditions
of the site are taken into account.
For pool water heating, it is necessary to supply heat
for:
• heat loss management by transfer of water level
(heating, flow, evaporation),

• heat loss by heat transfer through the swimming pools
walls (below water level),
• heating of supplied fresh water (compensation of water
loss - spraying, carrying on swimmers' bodies, water for
filter cleaning).
Thermal losses due to the pools walls are negligible and
therefore are not considered in this proposal. In the energy
balance of the pool heat, we also take into account the heat
gains that may be the source of direct sunlight.
The determination of the pool's energy requirements is
carried out for all months of the year. Inputs are included:
Air temperature for individual months, Soil temperature,
Air temperature at sunshine, Theoretical sunshine duration,
Relative air humidity, Amount of sunlight that falls on m2
of water surface.
Output is the amount of heat the pool loses during the
month and needs to be labeled as Heat requirement to cover
losses and the amount of heat needed to heat the incoming
clean water indicated as Heat requirement for cold water
heating. The overall heat demand is the most important
indicator and output of the following tables. The heat
requirement per m2 of surface area is a control indicator. In
our conditions it reaches values ranging from 0.4 to 1.4
kW.m-2.
The design contemplates heat pumps with an effective
power figure of about 3.5, i.e., the heating power of the
appliance is 3.5 times higher than the power input required
for the heat pump operation. The amount of heat that would
be able to supply 3 heat pumps with a heating output of 350
kW is around 756 MWh per month. Calculation example:
3 x 350 kW = 1050 kW...total power of all three heat pump
1050 kW x 24 h = 25 200 kWh…total power of all three
heat pump per hour
25 200 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
in case they would work 24 hours a day with a 100%
efficiency. In fact, the heat supply would be somewhat
lower.

6

Conclusion

At the given input values, when considering the natural
conditions in Košice region, water temperature 38 °C, open
swimming pool, three heat pumps with heating capacity
around 3x350kW, it is possible to count with year-round
operation if the surface area of less than 800 m2 and depth
1m. All of these suggestions are based on assumptions that
contribute to the higher overall heat demand to be delivered
by heat pumps. Because open pools are assumed, it is wise
to consider covering water at a time when pools are out of
service, which would greatly reduce losses (up to 50% loss
by evaporation). It is appropriate to divide the pool area
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into pools with different volumes and water temperatures.
Water temperature 36-38°C is over expressed, increases
energy demands and also affects the occurrence of
microorganisms in water. Each decrease in the water
temperature in the pool by several °C contributes to the
higher utilization of the intended heat pumps and to the
higher economic efficiency of the swimming pool area.
From the individual chapters, it is clear, that the use of
low-potential geothermal energy for recreational and
medical purposes is possible and economically more
advantageous than the use of geothermal energy.
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Abstract: The "Strategy for a stable and adaptable energy union and a forward-looking climate policy", developed by the
European Commission and endorsed in 2015, states that "... our goal is to make the energy union a long-term sustainable
carbon-free and climate-friendly economy" [1]. As a result of the above, we have been looking for the conditions and the
technical solutions under which the necessary pressure regulation at the gas transfer stations can use the pressure energy
economically.

1

Introduction

One of the tasks of the gas transfer stations is that the
pressure regulators installed therein have to reduce the
pressure of the natural gas from the high pressure
transmission system and to supply them to the consumers
or to the gas distribution system at the pressure defined in
the “Business and Commercial Code of the Hungarian
Natural Gas System” (hereinafter referred to as ÜKSZ).
During the process, there is a high level of energy loss that
is lost without recovery in conventional pressure regulating
systems. It has been known for a long time that natural gas
pressure can be utilized using a turbo expander and an
attached electric generator. The electricity thus produced
can, among other things, be used to reduce the energy
demand of the gas transfer stations or to be supplied into
the electric network.
In this paper, the energy requirement by conventional
pressure regulators and turbo expanders are presented
along with the amount of energy produced by the latter.
The Aspen HYSYS technological design software used in
the oil and gas industry was used for carrying out the
required investigations.

2

Infrastructure of the Gas Supply System
in Hungary

Natural gas plays a significant role in the energy supply
of Hungary, and its delivery to users is carried out in the
natural gas supply system. All mentioned pressures are
overpressures.
The natural gas transmission system operated by the
FGSZ LTD. consists of supply points "0", compressor
stations, gas hubs, metering stations, high pressure
pipelines and gas transfer stations that are directly

connected to regional gas supply companies and to
industrial customers. The natural gas transmission system
is the central element of pipeline energy supply that
delivers natural gas from the production fields, from
imports or from underground gas storages to consumer
districts. In addition, it ensures the technical conditions for
accurate measurement and settlement in the country's
legislation. The natural gas pipelines operate in a pressure
range of 25-100 bar, allowing them to safely and
economically transport natural gas [2]. The Hungarian
natural gas transmission system has a typical diameter of
100 to 1400 mm and an operating pressure of 25 to 75 bar.
The endpoint of the high-pressure gas transmission system
is the gas transfer station to which a smaller distribution
network is connected. At these border points, controlled
gas transmission to the connected system operators and
direct industrial users is continuously maintained.
Distribution system operators are supplying natural gas to
nearly 3.5 million consumers via gas distribution networks
operating at less than 25 bar. The Hungarian national
regulations defines a high–medium (25>p>10 bar),
medium (10>p>0.1 bar) and low (p<0.1 bar) pressure range
as the operating range of gas distribution systems. In
Hungary, apart from some exceptions, to the endpoints of
the gas transmission systems 6 bar gas distribution systems
are connected [3].
At the gas transfer station, which is the connection
between the gas transmission system and gas distribution
system, the regulations on the physical parameters of
natural gas have to satisfy the provisions of ÜKSZ.
According to the regulations, the gas temperature measured
at the exit points has to be above 0 °C. For the nominal exit
pressure value, a range of 3 to 15 bar is specified for new
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exit points, for existing exit points the pressure can be
adjusted according to the system suitability test [4]. In the

majority of the gas transfer stations, the transfer of the
natural gas supplied is 6 bar for the distribution system.

3

by a counter-current tubular heat exchanger to which the
hot water is provided by gas boilers in separate premises.
In this system, the heat input is directly in front of the
pressure regulator, so the heat loss is minimal and the gas
flow temperature can be precisely controlled. Shut-in
valves are pressure controlled closing elements that can be
used to disable gas flow immediately. The shut-in valve is
installed in front of the pressure regulator but is controlled
by the pressure after the regulator. Controlled pressure acts
through the impulse line with small diameter to the
pneumatic control unit which changes the flow cross
section by changing the pressure of the working medium.
[2].

Presentation of the Gas Transfer Station

The gas transfer station is the endpoint of the natural
gas transmission system, a technological station connected
to the end of a transmission line or a branch line therefrom,
whereby the delivered gas is transmitted to the industrial
consumer or to the gas supply system. At present, there are
nearly 400 gas transfer stations on the domestic gas
transmission system, with the main tasks of filtration, gas
heating, pressure regulation, pressure assurance, gas
quantity measurement and proper odor setting [2].
The stations have two full, uniform, disconnectable,
parallel pressure regulating branches; their default
configuration is filter, heat exchanger, shut-in valve,
monitor regulator, active regulator, low capacity (defect
gas) relief valve with measurement device. The most
important element of the installation is the pressure
regulator coupled with the shut-in valve. The pressure
regulator maintains the flow from the gas transport system
to a lower pressure line, while the pressure of the lower
pressure side is kept constant even at varying inlet pressure.
The currently commercially available pressure regulators
are pneumatic equipment whose working fluid is natural
gas. The shut-in valve is the ultimate tool for limiting
overpressure. The filter unit is in front of the pressure
regulator, the odor unit is located after the pressure
regulator. On the low pressure side of the station there is
the measuring unit and the spare odor unit. Preheating
natural gas is necessary to avoid hydrate formation when
the pressure drop exceeds 14 bar. The natural gas is heated

4
4.1

Placing the turbo expander in pressure
reduction station
Presentation of turbo expander

A turbo expander, also known as expansion turbine, is
a radial or axial turbine through which energy can be
produced using the expansion of high pressure gas. Both
the radial and axial turbines are used in practice, although
the use of the former is more common. The turbo expander
and the generator are connected to each other on a common
axis.
The so-called cold energy extracted from natural gas is
transformed into mechanical energy that drives the shaft.
The turbo expander is placed on the bypass line at the gas
transfer station, along with a traditional pressure regulator,
as shown in Figure 1.

Figure 1 Schematic construction of gas transfer station with turbo expander [5, 6]

Figure 1 shows the placement and schematic operation
of a turbo-expander unit. The high pressure gas needs
preheating due to the high temperature drop due to the
isentropic expansion. The gas enters the expander where it
expands. Most of the cold energy extracted from this
process is transformed into mechanical energy. The
generator converts mechanical energy into electrical
energy.

4.2

Different methods of pressure regulation

At the gas transfer station, the pressure of natural gas is
reduced by pressure control valves to the desired value. In

this case, it is an isenthalpic process; the enthalpy of the
gas stream is identical on both sides of the valve. This
throttle condition is thermodynamically irreversible. As a
result of the isenthalpic throttle, the gas temperature drops
due to the Joule–Thompson effect.
Contrary to the foregoing, the process using a turbo
expander is isentropic, meaning that the entropy of the
system is constant. In the latter case, the enthalpy change
can be used for work.
The turbo expander is essentially an inverted
compressor. The arrangement is capable of utilizing the
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internal energy of the natural gas stream during the
expansion of natural gas.
The mechanical energy extracted from natural gas
results in a higher thermal drop during the isentropic
process than in the case of isenthalpic throttle at the same
pressure ratio. The difference between the two processes is
illustrated in Figure 2.

reason for this is probably that today there are already
available turbo expanders that are widely used in gas
processing and gas liquefaction technologies as well as
waste heat utilization cycles. In connection with the
applications, not the feasibility but the economy became
the focus of attention. For gas transfer stations, economics
is fundamentally influenced by the fact that the use of
natural gas and, as a result, the amount of the regulated gas
significantly fluctuates seasonally.

5
5.1

Figure 2 The difference between pressure reduction processes
[7]

In the case of throttling or working expansion, the gas
outlet temperature also depends on the composition of
natural gas. In both cases, the high pressure gas requires
preheating, but its rate is much higher when using a turbo
expander than using a pressure regulator.
According to the literature, more and more publications
have recently been published investigating energy usage of
the gas stream at gas transfer stations [5] ... [15]. The

Investigations using simulation
Introduction of model used in investigation

The results obtained from the simulation of created
models using Aspen HYSYS simulation software that is
used in the petroleum and gas industry are presented and
evaluated in this chapter. For the comparability of the tests,
we used a model that simultaneously models the state
change using pressure regulator and turbo expander system
with various gas flows, input pressures and input
temperatures. In the model, the gas flow is distributed
evenly. Thus, the calculations were performed
simultaneously for both branches. The purpose of these
model examinations was to determine whether the natural
gas pressure energy can be utilized with the help of a turbo
expander for electricity generation. The role of the gas
transfer station cannot change even using a new
technological solution. At gas transfer stations, natural gas
shall be regulated from the current pressure and
temperature values to the 6 bar discharge pressure set in
ÜKSZ and the temperature of the natural gas should not be
less than 0 °C after regulation.

0 °C, 6 bar

Figure 3 Aspen HYSYS model for a gas transfer station equipped with a turbo expander (upper) and a pressure regulator (lower)

In Figure 3 a branch with a turbo expander unit (top)
and a branch with a conventional pressure regulator
(bottom) is presented. The gas flow is the same in both

branches as well as the inlet pressure and temperature at
the HP-netw node and the outlet pressure and temperature
in the LP-netw node.
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It must be taken into account that during the winter
season the amount of natural gas flowing through the gas
transfer station will increase considerably and that the soil
temperature will be lower than the summer temperature.
Because of the above, the gas must be heated before the
pressure regulation. This is done by a gas heating system
in which a gas-fired boiler heats the water used as the
intermediate medium to such an extent that the temperature
at the output side of the pressure regulating element is at a
given value. In this auxiliary system, the energy required
to circulate the water is provided by an electric motor
driven pump.
The pump can only operate with 100% fluid phase, so
the pressure of the heating circuit must be chosen so that
the heating medium remains in liquid state from the
discharge side of the pump to the suction side of the pump.
In some cases, especially in the case of gas transfer stations
– not too far from the outlet point of the compressor
stations – there may be a situation in which, regulating at 6
bar at the gas transfer station, the output temperature of 0
°C can only be obtained if the gas is heated up to 100 °C
before the pressure regulator, occasionally exceeding this
temperature. Especially when using a turbo expander, this
may occur.

5.2

Analysis of Turbo Expander and Pressure
Regulating Unit

During the tests, gas transfer stations with different
capacities were tested. In order to investigate the widest
range of operations, three different gas transfer station
groups were defined, depending on the gas flow rate and

the arrival pressure. The tests, assuming a constant typical
composition of natural gas were performed at different
inlet natural gas temperatures of 4 °C, 8 °C and 12 °C.
5.2.1

Examination of High Capacity, High-Pressure
Gas Transfer Station
High-capacity gas transfer stations were considered
that are close to the compressor station and for which both
the arriving pressure and the gas flow were high.
The test range of the flow rate was between 10,000 and
22,000 m3/h using 4,000 m3/h step size. A significant
proportion of domestic gas transfer stations are included in
this group regarding the maximum capacity. The inlet
pressure was characterized by a pressure range of 45 to 55
bar. The calculation results for this category are shown in
Table 1 and 2. In the tables, the energy data calculated for
the natural gas pre-heating circuit, the gas heating boiler
and the pump are shown. The operation of these
technological units is associated with their energy usage,
which should be indicated in the energy balance. In the
tables, the total power requirement is shown for both cases.
The value shown in the table with dark gray is the amount
of energy produced by the turbo expander unit.
It is important to emphasize that the energy demand of
a built-in gas heating boiler as part of the preheating circuit
is covered by using natural gas for technological purposes
and only the electricity needed to operate the pumps must
be purchased from an external service provider.
Table 1 shows the results of a high-capacity gas transfer
station with an inlet pressure of 45 bar.

Table 1 The amount of produced energy at 45 bar inlet pressure
p= 45 bar
T= 4 oC
Heating power
Pump power
Total power requirement
Produced energy
T= 8 oC
Heating power
Pump power
Total power requirement
Produced energy
T= 12 oC
Heating power
Pump power
Total power requirement
Produced energy

Unit
kW
kW
kW
kW
kW
kW
kW
kW
kW
kW
kW
kW

Q=10,000 m3/h

Q=14,000 m3/h

Q=18,000 m3/h

Exp.
519,0
0,48
519,48
433,0
Exp.
499,0
0,49
499,49
433,0
Exp.
479,0
0,49
479,49
433,0

Exp.
727,0
0,54
727,54
607,0
Exp.
699,0
0,53
699,53
607,0
Exp.
670,0
0,53
670,53
607,0

Exp.
935,0
0,57
935,57
780,0
Exp.
898,0
0,58
898,58
780,0
Exp.
862,0
0,57
862,57
780,0

Valve
87,0
0,15
87,15
0,0
Valve
66,0
0,15
66,15
0,0
Valve
46,0
0,15
46,15
0,0

It can be seen that the amount of energy to be consumed
is increased proportionally with the growth of the delivery
task. While at 10,000 m3/h, 433 kW of energy can be
extracted with a turbo expander, 953 kW can be produced

Valve
121,0
0,15
121,15
0,0
Valve
93,0
0,15
93,15
0,0
Valve
93,0
0,15
93,15
0,0

Valve
156,0
0,19
156,19
0,0
Valve
120,0
0,19
120,19
0,0
Valve
84,0
0,19
84,19
0,0

Q=22,000 m3/h
Exp.
1143,0
0,70
1143,70
953,0
Exp.
1099,0
0,70
1099,70
953,0
Exp.
1054,0
0,70
1054,70
953,0

Valve
191,0
0,19
191,19
0,0
Valve
146,0
0,19
146,19
0,0
Valve
102,0
0,19
102,19
0,0

at 22,000 m3/h. Energy demand for preheating gas is also
increasing proportionally. The energy demand of the gas
boiler is almost always at least 99% of the invested energy
requirement, but this is technological use of natural gas
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within the gas transmission system, which can be
accounted for by a system operator at a significantly lower
price. The required pump power does not exceed 1 kW. For
the gas flow of 10,000 m3/h, nearly 520 kW of heat output
is required for the theoretical performance of 433 kW, thus
87 kW own energy investment is required. In the case of
the pressure regulator there is no power generation, 87 kW
of heat is required for the preheating of the gas to maintain
the prescribed 0 °C and 6 bar.
With pressure regulation using a turbo expander, the
power requirement for 22,000 m3/h is 1,143 kW due to
natural gas preheating and 953 kW mechanical or slightly
lower electrical output is achievable. When the temperature
dependence is investigated using the energy balance of the
gas transfer stations, it is apparent that as the temperature

of the natural gas from the supply line increases, the energy
demand of the preheating is reduced. It can also be seen
that in case of a given transport capacity, the increase of
the gas temperature does not affect the energy produced by
the turbo expander. At the same time, if the gas temperature
increases, the boiler's power requirement is reduced. While
in the case of 10,000 m3/h, at 4 °C, nearly 520 kW power
demand was required during the preheating of gas, in the
case of 12 °C this value is reduced to 480 kW. However, in
both cases 433 kW can be gained with a turbo expander.
While in the former case there is a difference of 87 kW
between the heating circuit and the output power, in the
latter case it is only 47 kW. Table 2 summarizes the
calculation results for a 55 bar inlet pressure.

Table 2 The amount of produced energy at 55 bar inlet pressure
p= 55 bar
T= 4 oC
Heating power
Pump power
Total power requirement
Produced energy
T= 8 oC
Heating power
Pump power
Total power requirement
Produced energy
T= 12 oC
Heating power
Pump power
Total power requirement
Produced energy

Unit
kW
kW
kW
kW
kW
kW
kW
kW
kW
kW
kW
kW

Q=10,000 m3/h

Q=14,000 m3/h

Exp.
595,0
0,53
595,53
481,0
Exp.
573,0
0,53
573,53
481,0
Exp.
552,0
0,53
552,53
481,0

Exp.
832,0
0,62
832,62
673,0
Exp.
803,0
0,62
803,62
673,0
Exp.
773,0
0,62
773,62
673,0

Valve
114,0
0,15
114,15
0,0
Valve
93,0
0,15
93,15
0,0
Valve
72,0
0,15
72,15
0,0

Compared with the above tested variants, an elevated
pressure increased the power required for both the gas
preheating and the power produced by the turbo expander.
By comparing the power balance of the 10 000 m3/h
and 4 °C at 45 bar and 55 bar, it can be seen that a higher
power requirement is due to the higher inlet pressure, but
the recoverable power by the turbo expander will also
increase. This can be explained by the higher amount of
cold energy due to the increased pressure. Due to the higher
inlet pressure, it is necessary to maintain a higher
temperature in the preheating process which requires a
higher amount of water due to the pressure build-up to meet
the boundary conditions of the outlet point of the gas
transfer station.

Valve
160,0
0,19
160,19
0,0
Valve
130,0
0,19
130,19
0,0
Valve
101,0
0,19
101,19
0,0

Q=18,000 m3/h
Exp.
1070,0
0,71
1070,71
866,0
Exp.
1032,0
0,71
1032,71
866,0
Exp.
995,0
0,70
995,70
866,0

Valve
206,0
0,26
206,26
0,0
Valve
167,0
0,26
167,26
0,0
Valve
130,0
0,26
130,26
0,0

Q=22,000 m3/h
Exp.
1308,0
0,80
1308,80
1059,0
Exp.
1263,0
0,80
1262,80
1059,0
Exp.
1217,0
0,80
1217,80
1059,0

Valve
252,0
0,30
252,30
0,0
Valve
204,0
0,30
204,30
0,0
Valve
159,0
0,30
159,30
0,0

It can be stated that in the case of higher-temperature
natural gas there is a lower pre-heating demand, thus
ultimately less power and energy demand for pressure
regulation. It can be stated that at higher natural gas
temperatures the process of pressure regulation with the
turbo expander can be operated more economically.
5.2.2

Examination of Medium Capacity Gas
Transfer Station
The gas transfer stations in this category are further
away from the compressor station and the number of
supplied consumers is smaller. The presumed arrival
pressure is between 35 and 40 bar, the maximum capacity
of the gas transfer station is in the range of 3,000 to 6,000
m3/h.
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Table 3 The amount of produced energy at medium capacity gas transfer station
35 bar
Unit
T= 4 oC
Heating power
Pump power
Total power requirement
Produced energy
T= 8 oC
Heating power
Pump power
Total power requirement
Produced energy
T= 12 oC
Heating power
Pump power
Total power requirement
Produced energy

kW
kW
kW
kW
kW
kW
kW
kW
kW
kW
kW
kW

40 bar

Q=3,000 m3/h

Q=6,000 m3/h

Q=3,000 m3/h

Q=6,000 m3/h

Exp.
130,0
0,35
130,35
113,0
Exp.
124,0
0,35
124,35
113,0
Exp.
118,0
0,35
118,35
113,0

Exp.
259,0
0,41
259,41
225,0
Exp.
248,0
0,39
248,39
225,0
Exp.
236,0
0,40
236,40
225,0

Exp.
143,0
0,42
143,42
122,0
Exp.
137,0
0,43
137,43
122,0
Exp.
131,0
0,45
131,45
122,0

Exp.
286,0
0,48
286,48
244,0
Exp.
275,0
0,51
275,51
244,0
Exp.
263,0
0,54
263,54
244,0

Valve
18,0
0,10
18,10
0,0
Valve
93,0
0,15
93,15
0,0
Valve
7,0
0,15
7,15
0,0

In Table 3, the elements of the energy balance change
in the same way as in the case of medium gas flows and
pressures as in the case of high pressure capacity stations.
In addition to a given natural gas flow rate, the theoretical
energy balance is more favourable if the temperature of the
arriving natural gas is higher, as this results in a reduction
in the demand for gas preheating. Based on the above, it
can be said that, if the pressure is higher, the theoretical
gain is greater from the process, but more energy is needed.
Overall, the change is unfavourable.

Valve
36,0
0,11
36,11
0,0
Valve
24,0
0,16
24,16
0,0
Valve
13,0
0,19
13,19
0,0

Valve
22,0
0,12
22,12
0,0
Valve
16,0
0,17
16,17
0,0
Valve
10,0
0,23
10,23
0,0

Valve
44,0
0,13
44,13
0,0
Valve
32,0
0,17
32,17
0,0
Valve
20,0
0,26
20,26
0,0

5.2.3

Examination of Small Capacity Gas Transfer
Station with Small Inlet Pressure
If the gas transfer station is far away from the
compressor station, the inlet pressure of the station is small,
it is in the range of 25 to 30 bar compared to the previous
categories. This is accompanied by a small maximum load,
assuming a hourly natural gas quantity of 1,000 to 2,000
m3.
Table 4 shows that very little performance values have
been reported in each element of the theoretical energy
balance compared to the previous two categories.

Table 4 The amount of produced energy at small capacity gas transfer station
25 bar
Unit
T= 4 oC
Heating power
Pump power
Total power requirement
Produced energy
T= 8 oC
Heating power
Pump power
Total power requirement
Produced energy
T= 12 oC
Heating power
Pump power
Total power requirement
Produced energy

kW
kW
kW
kW
kW
kW
kW
kW
kW
kW
kW
kW

30 bar

Q=1,000 m3/h

Q=2,000 m3/h

Q=1,000 m3/h

Q=2,000 m3/h

Exp.
33,0
0,20
33,20
2,20
Exp.
31,0
0,20
31,20
30,0
Exp.
30,0
0,20
30,20
30,0

Exp.
65,0
0,22
65,22
5,22
Exp.
61,0
0,20
61,20
60,0
Exp.
60,0
0,20
60,20
60,0

Exp.
38,0
0,22
38,22
4,22
Exp.
37,0
0,22
37,22
34,0
Exp.
34,0
0,21
34,21
34,0

Exp.
75,0
0,22
75,22
7,22
Exp.
71,0
0,21
71,21
68,0
Exp.
64,0
0,20
64,20
68,0

Valve
3,5
0,10
3,10
3,10
Valve
1,5
0,10
1,60
0,0
Valve
0,5
0,10
0,15
0,0

Valve
7,0
0,11
7,11
7,11
Valve
2,5
0,10
2,60
0,0
Valve
1,0
0,08
1,08
0,0
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Valve
5,0
0,12
5,12
5,12
Valve
3,0
0,12
3,12
0,0
Valve
1,0
0,11
1,11
0,0

Valve
10,0
0,13
10,13
10,13
Valve
6,0
0,13
6,13
0,0
Valve
2,0
0,12
2,12
0,0
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It can be stated, therefore, that in the case of stations
with small arriving pressure and small gas flow, the
importance of energy production with turbo expander units
is negligible. It can be stated that the replacement of the
pressure regulating equipment by a turbo expander in gas

Produced energy [kW]

1200
1000
800
600
400

transfer stations at such conditions cannot be proposed
energetically.
Figure 4 shows a summary of the results of the versions
presented so far. On the vertical axis, the theoretical
performance of the turbo expander unit is presented in the
process, expressed in units of kW.

4.2:1
5.0:1
5.8:1
6.7:1
7.5:1
8.3:1
9.2:1

200
0
2000

6000

10000

14000

Flow rate of the natural gas

18000

22000

[m3/h]

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

The horizontal axis shows the maximum gas flow of the
gas transfer stations, in m3/h unit. Each curve expresses the
pressure ratio that can be derived from the inlet pressure of
the gas transfer station and from the fixed 6 bar outlet
pressure considered as the base parameter. Of course, the
pressure reduction process from 25 bar to 6 bar has a ratio
of 4.2: 1, a pressure ratio of 5.0: 1 for the process from 30
bar to 6 bar, and thus the maximum 55 bar for which the
pressure ratio of 9.2: 1 is given in the figure above.
In Figure 4, only the amount of energy extracted by the
turbo expander was depicted, without the power required
to preheat the natural gas. Observing the figure, all pressure
curves are located at almost a single starting point for a gas
transfer station with a load of 2,000 m3/h. As the maximum
flow rate of the gas transfer station increases, the amount
of energy that can be produced increases. It can also be
observed that at higher pressure ratios, more energy
production can be achieved. In the case of a gas transfer

station with a maximum capacity of 22,000 m3/h, higher
power generation occurs when the specified end point
conditions are 0 °C and 6 bar achieved by an inlet pressure
of 55 bar and not the minimum pressure of 25 bar.
Figure 5 depicts temperature change curves for turbo
expander and for conventional pressure control valve, as a
function of pressure drop. At the inlet point of the turbo
expander, a significantly higher temperature is required to
ensure that at the end of the isentropic process the natural
gas temperature is above 0 °C. It can be seen from the
figure that at a pressure drop of 19 bar, in the case of
isenthalpic throttle, only a decrease of 10.7 °C occurs; the
isentropic expansion results in a decrease of approximately
74 °C. Obviously, increasing pressure drop is associated
with an increasing temperature change. At 49 bar pressure
change, in the case of isenthalpic case the temperature
difference slightly exceeds 20 °C; in the isentropic 120 °C
is required to meet the 0 °C criteria.
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Figure 5 Temperature drop depending on pressure drop

6

Conclusion

The replacement of pressure regulators installed at the
gas transfer stations with turbo expander has been applied
since the 1980s. Using cold energy that can be extracted
during the isentropic pressure regulating process,
electricity can be generated using a connected generator,
which is widely used.
The energy efficiency of the turbo expander installed at
the domestic gas transfer stations was investigated, to
which the Aspen HYSYS simulation software was used.
The fulfilment of the 0 °C and 6 bar criteria set forth in
ÜKSZ was considered to be the basic condition in order to
ensure the supply of high-medium distribution network
through the gas-transfer station in a regulated framework.
The simulation could be implemented using a model by
installing a turbo expander unit on the control branch. On
the parallel control line a conventional pressure control
valve was used.
It has been found that the replacement of pressure
control valves is highly desirable for gas transfer stations
with high pressure and high gas flow. In the case of a large
(22,000 m3/h) gas load, up to 1 MW of theoretical energy
can be extracted from the pressure regulating process. In
the case of medium and low-arrival pressure and capacity
stations, however, there is a lower level of energy
production, which is why it is not advisable to install turbo
expander.
We have found that turbo expander pressure regulation
requires very high temperatures in front of the unit to meet
the output side 0 °C temperature criteria. Therefore, the gas
should be heated to a higher temperature than that of the
isenthalpic throttle. Thus, the boiler for preheating requires
greater power than in the case using a control valve. Since

it is a gas boiler, it does not use electricity, but uses natural
gas for its own use, which the natural gas transmission
system operator can account for at a significantly lower
price.
The expansion of the expansion turbines on gas transfer
stations is becoming more common in the world, and many
examples serve as evidence. More and more projects and
studies deal with the topic around the world, as the latency
inherent in the process seems to be justified from an energy
management point of view.
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Abstract: The term "proteomics" was created in 1997, by analogy of genomics, genome studies. "Proteom" refers to a
mixture of proteins and genome and was created by Marcom Wilkins in 1994. Proteomics is the large-scale study of
proteins, particularly their structures and functions. Proteins are vital parts of living organisms, as they are the main
components of the physiological metabolic pathways of cells. After genomics and transcriptomics, proteomics is the “next
step” in the study of biological systems. It is more complicated than genomics because an organism's genome is
approximated by the constant, whereas the proteome differs from cell to cell and from time to time. Distinct genes are
expressed in different cell types, which means that even the basic set of proteins that are produced in a cell needs to be
identified.

1

Defining proteomics goals

Protein study, determination of its amount, primary
structure, higher structures, their functions and changes
under different conditions is not a new task of biological
sciences. At the turn of the 20th and 21st centuries,
however, two new moments began to be more prominent
in this endeavor. Despite the significant contribution of
molecular genetics to many issues, we still can not give a
satisfactory response, including the answer to the question
of how and how many genes a function performs. If one
gene only corresponds to one final product, then one would
have no more than 25,000 proteins. Since proteins are the
centerpiece in understanding cellular functions as well as
disease processes, without knowing the relationship
between genes and proteins, it is not possible to make
effective use of the knowledge of the genomic era.
In 1994, the role of proteomics was defined as the
identification and characterization of all proteins expressed
in the organism, but it soon became apparent that its role
was also to determine the amount, function, localization
and post-translational modification of these proteins
present in the cell at a given moment. The truth has not
been as well defined because it has not evaluated the effect
of envirobiomechanical, metabolic, pharmacological,
genetic and pathological conditions on the proteome.
We can summarize that the goal of proteomics is to get a
global and integrated view of biology by studying the
complete cell protein network rather than by studying
individual proteins. The second goal is not only to identify
proteins, but also to understand their function and structure
and to create a 3D map of the cells (to determine the
localization
of
the
individual
proteins).
Another significant milestone for the above-mentioned
goals has also been the unprecedented methodological
possibilities of separation and analysis of proteins using a

robust technique that is able to provide the desired
proteomic data much faster, more reliably and more
accurately.
Today, we are aware that the path from genomics to
proteomics would not have been possible without the
application of improved bioengineering techniques using
mass spectrometry principles. There is probably no other
current technique that would overcome the mass
spectrometer in a variety of applications in basic and
applied research as well as in diagnostics [1].

2

Why is not the number of proteins
consistent with the number of genes?

Thanks to molecular genetics and its methods we know
the composition of the genome (nucleotide sequence) of
many microorganisms, model higher organisms as well as
genome of its own kind. However, the nucleotide structure
of the gene is only a chemical information template. And
although this information for knowledge and practice is
extremely valuable, it does not give a satisfactory answer
to the question of what is in fact the functional radius of
this information. We know that the genome consists of only
about 25,000 genes and not 100,000 than originally
assumed. On the other hand, there are estimates that the
total number of protein variants, including posttranslational ones, can be as high as 300,000 in humans.
How could more proteins be produced from a given
number of genes? Current known solutions to this paradox
are at the RNA level as well as at the level of the
synthesized proteins.
One answer is that each gene can encode more proteins
in a process called alternate splicing. Alternative splicing
means that one gene can produce different mRNA
products, and thus different proteins. Another answer is
that one protein can be chemically modified after it is

~ 15 ~
Copyright © Acta Tecnología, www.actatecnologia.eu

Acta Tecnología

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

BIOMEDICAL ENGINEERING AND PROTEOMICS
Marianna Trebuňová; Jozef Živčák

synthesized so as to obtain another function. The third
answer is that proteins interact with each other in complex
ways that could change their function. Thus, one gene can
produce several, functionally different proteins in many
different ways.
The known mechanisms of the formation of
functionally different protein variants by post-translational
processing
include
acetylation,
phosphorylation,

adenylation, adenosyl ribosylation, glycosylation and the
like. Other changes may be caused by cleavage of a part of
the chain or modification of the amino acid residues [1].
Some primary transcripts (for mRNA) undergo alternate
splicing, which will allow the formation of two or more
types of mRNA. Polyadenylation may also affect the final
mRNA structure. These processes are illustrated in
Figure 1.

Figure 1 The emergence of different proteins.

3

Proteins

Proteins are polymer chains composed of monomers
called amino acids. Proteins are an essential part of every
biological system and participate in every process in the
cell. Together with nucleic acids, lipids and sugars, they
form a group of biopolymers that condition the existence
of living systems.
Functions and importance of proteins: Enzyme proteins
- biocatalysts of many chemical reactions in biological
systems, transport proteins - transfer of necessary
substances to preserve life inside the biological organism
(myoglobin, hemoglobin, serum albumin). Protective
proteins - Protective function (immunoglobulins),
regulatory proteins - hormones - control and regulation

molecules (insulin, somatotropin, growth hormones),
structural proteins (collagen, elastin) and receptor proteins
- serving as external signal receptors.
We distinguish four protein structures (Figure 2):
primary structure - amino acid sequence in the polypeptide
chain, secondary structure - local 3-D "folding" of the
polypeptide chain - the most commonly occurring
structures: α-helix, - a loop, a tertiary structure - the total
3-D structure of the polypeptide, comprising a spatial
arrangement of the side chains and the geometry of the
arrangement between the distant portions of the
polypeptide chain and the quaternary structure - the mutual
arrangement of several polypeptides in the protein [2-4].
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Figure 2 Protein structures [2,3]

3.1

Protein folding

Protein folding is a physical process in which the
polypeptide chain is packed into a characteristic 3D
structure for a given protein (Figure 3). The mechanism of
the folding protein has not yet been explicitly explained,
and this remains one of the most attractive unresolved
problems in science. The 3D structure of proteins is
determined by the amino acid sequence in the polypeptide
chain under the physicochemical conditions (temperature,
pH, ionic strength, solvent type).
It is generally accepted that the minimization of
hydrophobic amino acid contacts with water molecules is
the "driving force" of the packaging process, but the

contribution of other interactions must also be taken into
account (in particular, the formation of hydrogen bonds
between the amino acid residues together as well as the
binding of these molecules with the solvent molecules).
The process of in-vivo protein packaging often takes place
during the synthesis of the polypeptide chain on ribosomes.
The N-terminus of this chain is already bundled while the
C-terminus of the polypeptide is still synthesized. In this
process, chaperones play a very important role.
Chaperones are molecules (of protein origin) that allow
proper packaging of proteins in vivo and prevent the
formation of protein aggregates. The rate of protein
aggregation depends on the size of the protein and the outer
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packing conditions. Small single-domain proteins are able
to acquire their native 3D structure in a few milliseconds.
Packing large multisubunit proteins takes place over
several intermediates and can take several dozen minutes
or even hours. The number of possible different
conformations of the polypeptide chain is very large (e.g.,
for a polypeptide consisting of 300 amino acids this
number is 10 143). So, if the process of protein collision
was randomized through all the possible conformational
states, it would take this process for a long time (time
longer than the age of the universe), but the proteins are
getting too quickly - the Levinthal paradox. It is clear that
the folding protein can not be accomplished by randomly
searching for the "correct" conformational state of the
protein. Incorrectly packed proteins are responsible for
several inflammatory diseases: Creutzfeldt-Jacobs disease,
bovine spongiform encephalopathy, amyloid plaque
formation and spleen (Alzheimer's disease). All of these
diseases are caused by the formation of aggregates of
improperly packed proteins. In the case of Alzheimer's
disease, it is the formation of amyloid plaques from the
amyloid B protein (the proteolytic product of the amyloid
precursor protein). At high concentrations, these proteins
change their tertiary structure, resulting in their
aggregation. The amyloid plaques thus formed are
deposited around the neurons [4].

Figure 4 Current proteomics

Functional Proteomics - The amount of individual proteins
is affected by transcription factors. These are factors that
enter the nucleus and bind to specific DNA segments
(enhancers, promoters). These factors can interact directly
or indirectly with the transcription apparatus. Furthermore,
there is the influence of epigenetic factors (imprints caused
by different gene-methylation methylation). Functional
state of proteins can be explained by post-translational
modifications of proteins, especially phosphorylation,
glycosylation. Functional proteomics will help to elucidate
enzyme catalysis, transport functions, immunity, nerve
impulse transmission, growth regulation, and cell
differentiation. It could also help explain the processes of
aging and the different predisposition to disease.
Proteomics of the disease - has the potential to capture
pathology at an early stage, to determine more precisely the
etiopathogenesis and individual variability of molecular
phenomena. It will play an important role in elucidating the
mechanisms of cancer, neurodegenerative, psychological
(Alzheimer's, Parkinson's disease, schizophrenia),
inflammatory and metabolic diseases. The fastest
development can be observed in oncoproteomics. Survival,
Growth, Invasiveness of Tumor Cells - At the root of the
genetic defect, there must also be alteration of functional
proteins. The proteomic approach will provide important
information about altered cellular signaling paths.

Figure 3 Protein folding [5]

4

Scheme of current proteomics

Figure 4 shows a graphical representation of
proteomics and its other disciplines.
Structural proteomics - its goal should be to determine the
structure, the amount of proteins including the proportion
of post-translationally modified molecules, the mutual
protein interactions, as well as the relationship of protein
variants to the structure of the gene. It may also lead to the
creation of protein maps for different cell types with
different physiological and pathological conditions.

Clinical Proteomics - The goal is to discover, find proteins
that will be of medical significance. These are proteins that
can be used as diagnostic markers because their expression
under specific physiological and pathological conditions
will be significantly increased (inflammatory, infectious,
cancerous). Comparing the sensitivity and specificity
parameters of most of the onome markers with proteomic
markers favor the use of proteomic markers.
Pharmacoproteomics - Knowing specific proteomic
changes in various diseases can influence the decision to
select appropriate therapy. At the same time, therapy
efficacy and toxicity could be monitored at the level of
protein spectrum changes and their functional status [1].
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Conclusions
Nowadays proteomics is not applied in the Slovak
Republic either in medical-oriented research or in clinical
practice. Our aim is to provide information on the current
possibilities of proteomics, but also to point out
weaknesses in the development of this department in the
SR. The advancement of the company in strategic sectors
such as proteomics is a strong support for both medical and
biomedical engineering applications [1].
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