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Introduction

Currently, considerable attention is paid to the
development of measures to improve the energy ef-
ficiency of production.

These developments are associated, in particular,
with the use of various types of energy that are lost
in the main production process.

The work of modern industrial enterprises,
equipment, as a rule, is accompanied by the release
of a significant amount of heat. Its use is hampered
by its low temperature potential. Work on the use of
low-grade thermal energy is carried out in almost all
developed countries of the world and, undoubtedly,
are perceived as an urgent scientific and engeeniring
problem.

The processes of transportation and distribution
of natural gas are associated with the appearance of
surplus heat and potential energy. Their utilization at
gas distribution stations (GDS) can increase both the
autonomy of the stations and the overall efficiency
of the entire gas transporting system.

In the world practice, a sufficiently large experi-
ence has already been accumulated in research and
development of scientific and technical solutions
aimed at utilization the power potential of fuel gas at
gas distribution stations and gas control points
(GCP).

One of the energy efficiency technologies for
power generation is the expander-generator
technology. It is based on the using of expander-
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generator units (EGU) for technological reduction of
the pressure of the transported gas.

An expander-generator set is a device in which
the energy of the transported natural gas stream is
converted first into mechanical energy in an ex-
pander and then into electrical energy in a generator.
Cold, which is used to obtain liquefied gas, can be
obtained simultaneously with the electrical energy.

In the gas supply system of Ukraine, the pressure
of the transported gas is reduced by throttling and is
usually carried out in two stages — at the gas
distribution station and at gas control points.

Gas is supplied to industrial and urban gas supply
systems through gas distribution stations from the
main gas pipelines, the pressure in which is main-
tained by compressor gas pumping stations at the
level of 5.5-12 MPa. The gas pressure in the gas
pipelines is reduced to the required value at gas dis-
tribution stations. The gas pressure is reduced to the
values required by the consumer at gas control
points.

Depending on the consumer category, low pres-
sure distribution gas pipelines are distinguished —
for gas supply to residential buildings (0.003 MPa);
medium and high pressure — for supplying gas to
industrial enterprises (for consumers of category I,
pressure, as a rule, is 1.2 MPa and for category
II— 0.6 MPa).

Currently, the energy of reduced natural gas is
considered as one of the most significant but not
enough used reserves of secondary energy resources
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in the gas industry. One of the ways to save energy
resources is the using of the natural gas reduction
process in gas distribution stations and gas control
points with partial return of the energy spent on
natural gas compression for its transportation. The
main way of its implementation is the replacement
of throttling devices of gas distribution stations and
gas control points with expander-generator units
designed to generate electricity through the use of
excess gas pressure in the gas pipelines of the gas
supply system.

Replacing the throttling devices of gas
distribution station and gas control points with
expander-generator units designed for power
generation allows the use of pressure drop.

Currently, diesel and gas turbine power plants
operating on fossil fuel [1], as well as external
sources of electricity, are used at compressor
stations to generate electricity for their own needs.
The use of EGU allows to reduce fuel costs for their
operation and reduce the amount of purchased
electricity. Expander-generator units can be used
both in the gas industry at gas distribution stations
and at compressor stations, in gas points of all
industrial enterprises that are large consumers of
gas.

Simultaneously with the generation of electricity,
there is also the possibility of obtaining heat of vari-
ous temperature levels (high temperature for heating
and low temperature for creating refrigeration units
and air conditioning systems), generated during the
operation of the EGU.

The high energy efficiency of the expander-
generator units is determined, first of all, by the fact
that the expander is not a heat machine, for the op-
eration of which it is necessary to give a part of the
supplied heat to a cold source. In a EGA, almost all
of the heat supplied to it (with the exception of me-
chanical losses) can be converted into electrical en-
ergy. When the EGU is operating, the gas in front of
the expander must be heated to such a temperature
that its temperature at the expander outlet is not
lower than the dew point (-=10...—15 °C). This is due
to the provision of normal operating conditions for
both the expander itself and the gas pipelines.

In foreign scientific and technical periodical lit-
erature, a high assessment of the effectiveness of
EGU is given.

Analysis of recent research and publications

To ensure the gas transportation the costs of en-
ergy resources are required: natural gas, electricity
and heat. Therefore, the problem of energy saving
during gas transportation is urgent. A detailed analy-
sis of the problem and the search for alternative so-
lutions are given in [2; 3].

The relevance of the use of secondary energy
resources is increasing every year. This is due to the
current state of natural resource reserves and the
ecological situation in the world. The work [4]
estimates the use of secondary energy resources as a
source of energy, leading to a decrease in the
consumption of fossil fuel for energy generation and
a decrease in emissions into the environment.

The analysis of energy efficient technologies in
gas pipelines was carried out in [5]. The author ex-
amines the options for the use of expander-generator
units at gas distribution stations in order to convert
and use the energy stored in the main gas pipelines.
The use of the EGA technology in the gas supply
system has received much attention in the works
[6; 7]. The works are devoted to the issues of power
supply of gas distribution stations with the use of
EGU. In their studies, the authors came to the con-
clusion about the high prospects of this method of
power supply to stations for technological reduction
of the pressure of the transported gas. The work [8]
substantiates the relevance of the use of energy-
saving expander-generator technology, shows the
fundamental thermodynamic advantages of EGU in
comparison with the units traditionally used for the
production of electricity.

The work [9] compares the efficiency of using a
turbo expander at a gas distribution station in com-
parison with a throttling device. The minimum heat
spent on gas heating is considered as a criterion for
assessing energy efficiency.

In recent years, the topic related to the use of
EGA not only for generating electricity, but also for
generating heat and cold, has been developed [10].

The authors of all the articles mentioned are of
the same opinion that the use of a generator for
technological reduction of the pressure of the trans-
ported gas using the expander technology is thermo-
dynamically effective enough, since it allows using
the potential of the mechanical energy of the gas
flow.

The aim of the study

The aim of the work is to compare the thermody-
namic efficiency of the use of EGU and throttling
devices at gas distribution stations and gas control
points.

Initial data taken for the calculation

To determine the influence of the process
parameters on the thermodynamic efficiency of
using EGU instead of throttling devices,
computational studies were carried out with various

initial data (inlet and outlet pressures, gas
temperatures at the inlet to the station for
technological reduction of the pressure of

transported natural gas).
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The calculations were carried out under the
following conditions:

— constant parameters:

— gas density p is equal to 0.72 kg/m’;

— methane adiabatic index £ is equal to 1.32;

— internal relative efficiency of the expander is
equal to 0.85;

— efficiency of heat exchangers is 0.95, taking
into account losses to the environment;

— variable parameters:

— P, — gas pressure at the inlet to the pressure
reduction unit in the range of 0.6...1.2 MPa for gas
control point and 4..11 MPa for gas distribution
station;

— P, — gas pressure at the outlet of the pressure
reduction unit in the range of 0.2 to 0.4 MPa for gas
control point and 1.2 MPa for gas distribution
station;

— 1t — gas temperature at the inlet, it is in the
range of —10 °C...+15 °C;

— 1, — gas temperature after heating before the
expander in the range of 20 °C...130 °C;

— t,— the temperature of the heat-transfer agent
supplied for heating the gas before the expander in
the range of 25 °C...135 °C;

— 1, and 5, — the temperature of the coolant
coming from the consumer and to the consumer,
respectively. Two cases were analyzed: 12 °C and
7 °C; minus 20 °C and minus 25 °C.

Calculation method

To perform the calculation, the thermodynamic
properties of methane were taken from the reference
data [11].

The calculation was carried out according to the
method described in [12; 13; 14].

Heat O, which must be supplied to heat the gas
befor entering the turboexpander in order to ensure
normal operation:

0 =GAh =Ge AT,

where: G — the gas consumption for the EGU;
Ah = hy — hy; hy, hy — enthalpy of a gas at the
entrance to the heat exchanger and at the exit from
it, respectively; AT is the drop in the gas temperature
during expansion.

The energy potential of the energy carrier of
excess pressure is determined by the work of
isoentropic expansion /. For the case of adiabatic
expansion of 1 kg of gas, the specific work will be:

k-1

Kk
IzLPlv1 1- Ll ,
k-1 P,

or
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wrere k — adiabatic exponent; Py, Ty, v; — initial
gas pressure, Pa, temperature, °C, gas specific vol-
ume, m3/kg; P, — final gas pressure, Pa; z — com-
pressibility factor; R — gas constant, J/kg K).

The specific total energy of the overpressure in
the case of its useful using for getting electricity in
the turboexpander is determined by the power N, W,
i.e. the amount of work produced by the generator
shaft per unit of time:

N = G Z 1”lmechﬂn() ngen >

where G is the gas flow rate, kg/s; / — specific work
of gas expansion in the turboexpander, kJ/kg;
Nmech — Mmechanical efficiency of EGU (only for
EGU with a mechanical reducer); ny — internal
relative efficiency of the expander; mgen
electromechanical efficiency of the generator.

=z

Influence of gas heating on the reduction
process in the expander-generator units

When consedering the possibility of generated
electricity by using the excess pressure of natural
gas in turbo expanders, it should be remembered that
the efficiency and capacity of a turbo expander is
determined not only by the pressure, but also by the
initial absolute temperature of natural gas in front of
a turbo expander. Natural gas supplied to consumers
has a fairly low temperature, which is usually 10 °C
in summer and about 0 °C in winter. The calculation
shows [6] that when natural gas is heated at the tur-
boexpander inlet to 50 °C and 100 °C, its capacity
increases only by 18.3 % and 36.6 %, respectively,
compared with the case when the temperature is
0 °C. It can be seen that the power of the turboex-
pander increases disproportionately to the thermal
energy spent on natural gas heating. To use a turbo-
expander, heat sources are required to heat the natu-
ral gas at the inlet to the turboexpander. The scien-
tific literature describes various options for the pos-
sibilities and schemes for the implementation of
natural gas heating. Gas distribution stations located
near enterprises with a source of secondary heat re-
sources have a particular advantage.

There is a known method of operation of a turbo-
expander unit, which makes it possible to ensure the
operation of an EGU without burning fuel. The es-
sence of the proposed method lies in the fact that
before the expander, the gas is heated using part of
the energy generated by the electric generator of
EGU. In this case, low-grade energy is used to heat
the gas. The heat of the environment or secondary
energy resources of enterprises can be used as a
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source of this energy. This technology requires a
significant complication of the GDS equipment and
is not economically feasible yet [15].

Consider how much the temperature drops in the
process of throttling and reduction in the expander at
an initial gas temperature of 10 °C. Using the tables
of thermodynamic properties of methane and the
main thermodynamic dependences of the expanding
and throttling processes, we calculated the gas tem-
perature at the end of the expansion processes.

Fig. 1 and Fig. 2 show the processes of gas
throttling and expansion in EGU.
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Fig. 1. Diagram of throttling and reduction processes
in the expander with pressure drops
of 7.5/1.2 MPa and 4.0/1.2 MPa
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Fig. 2. Diagram of throttling and reduction processes
in the expander with pressure drops 1,2/0,3 MPa

In GDS, the initial gas temperature is 10 °C, after
throttling the outlet temperature at different
pressures is: —22 °C with a pressure drop of
7.5/1.2 MPa, —15 °C with a pressure drop of

4 /1.2 MPa, 8 °C with a drop pressure 1.2/0.6 MPa,
5 °C with a pressure drop of 1.2/0.3 MPa.

Whereas in the case of gas expansion in the EGU
with  similar initial parameters, the outlet
temperature is: minus 90 °C at the differential
pressure of 7.5/1.2 MPa, minus 58 °C at the
differential pressure of 4/1.2 MPa, minus 28 °C at
the differential pressure of 1.2/0.6 MPa, minus 73 °C
at the differential pressure of 1.2/0.3 MPa.

Numerical calculations show that a more
significant decrease in temperature during the
reduction in the expander is observed over the entire
range of differential pressures.

The operation of the EGU and gas pipelines at
such temperatures at the outlet of the EGU is not
permissible. Based on this, it can be concluded that
in all cases of using EGU at the gas distribution
stations, it is necessary to heat the gas if there is no
need to obtain cold. Gas heating can be carried out
before or after the EGU.

One of the tasks in the organization of heating is
to determine the gas temperature at the outlets,
depending on the temperature at the inlet of the
expander-generator unit.

Table 1 shows the calculated values of the
temperature at the outlet of the unit depending on the
temperature at the inlet for various values of
pressure drop.

Table 1

The dependence of the temperature at the outlet
of the expander on the inlet temperature

P,/P)\T\°C 10 35 60 95 120

7,5/1,2=6,25 | —151 | =126 | -96 | 57 -19
1.2/0,3=4 -102 | =77 | =50 | 13 +9

4,0/1,2=3,33 | —88 —65 =37 —4 +19
1,2/0,6=2 —38 -16 +3 +40 +63
Graphically, this dependence for different

pressure drops is presented in Fig. 3.

According to Fig. 3, to ensure the normalized
temperature at the outlet from the gas distribution
station at a pressure drop of 7.5/1.2 MPa, the gas
should be heated to a temperature in the range from
140 °C...150 °C, at pressure drops (1.2/0.3 MPa and
4.0/1.2 MPa), the gas before the expander must be
heated to a temperature of 100 °C...110 °C, with a
lower pressure drop (1.2/0.6 MPa) — to a
temperature of 40 °C...60 °C.

© Volianska L., Nikitina G., Beregovoi 1., 2021
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Fig. 3. Dependence of the gas temperature
at the outlet on the inlet temperature
in the turboexpander

For example, to ensure the temperature of the gas
at the outlet of the GCP at 10 °C, the gas in front of
the expander must be heated to:

— 140 °C at a pressure drop of 7.5/1.2 MPa;
— 107 °C at a pressure drop of 1.2/0.3 MPa;
— 115°C at a pressure drop of 4/1.2 MPa;

55 °C at a pressure drop of 1.2/0.6 MPa.

When operating equipment within low tempera-
tures with multistage reduction of gas, in order to
save energy resources, multistage gas heating is re-
quired.

The temperature before the second stage of
reduction is assumed to be equal to the temperature
before the first stage of reduction.

The optimum pressure of the
heating in this case [16]:

intermediate

AN

When the pressure changes from 7.5 MPa to
1.2 MPa, the pressure drop is more than 4.5 times.

For a multistage pressure reduction with interme-
diate gas heating, the intermediate pressure is 3 MPa
at a pressure drop of 7.5/1.2 MPa.

The change in temperature after the EGU versus
the temperature before the EGU in schemes with
intermediate heating is shown in Fig. 4.

In the calculations, it was assumed that heating in
the first and second stages occurs to the same level.

The pressure drop in the first stage is 7.5/3.0 MPa,
in the second — 3.0/1.2 MPa.

It can be seen from Fig. 4 that the schemes with
stage pressure actuation and with intermediate heat-
ing make it possible to obtain a similar power of the
EGU at lower temperatures at the inlet to the turbo-
expander.
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Fig. 4. The gas outlet temperature versus
the temperature at the inlet to the turboexpander
with two-stage heating and a total pressure
drop of 7.5/1.2 MPa

So, if in a one-stage scheme with a pressure drop
of 7.5/1.2 MPa the gas must be heated at the inlet
within the range from 110 °C to 120 °C to ensure an
outlet temperature of 10 °C, then in a two-stage
scheme it must be heated to temperatures ranging
from 50 °C to 65 °C.

Estimation of energy potential of excess gas
pressure in the process of reduction

The energy potential of overpressure is directly
proportional to the energy potential of the energy
carrier, which is determined by the technical work of
the adiabatic expansion of 1 kg of gas and is
presented in Table 2.

Table 2
Specific useful work of the turboexpander
Pressure drop, T;rgieirzge Specific work,
P,/P,, MPa T..°C kl/kg
1,2/0,6 =2 10 91
4/12=33 10 135
1,2/0,3=4 10 166
7,5/1,2 =625 10 223
1,2/0,6 =2 35 99
4/12=33 35 152
1,2/0,3=4 35 184
7,5/1,2 =625 35 238
1,2/0,6 =2 60 107
4/12=33 60 172
1,2/0,3=4 60 200
7,5/1,2 =625 60 254
1,2/0,6 =2 95 119
4/12=33 95 192
1,2/0,3=4 95 221
7,5/1,2 =6,25 95 275
1,2/0,6 =2 130 129
4/12=33 130 209
1,2/0,3=4 130 244
7,5/1,2 =625 130 295
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First of all, the work directly depends on the
temperature at the inlet to the expander and the
pressure drop in it.

Fig. 5 shows the dependence of the specific
work of the adiabatic gas expansion on the gas
heating temperature before the EGU for one-stage
schemes with different pressure drops.
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Fig. 5. Dependence of the specific work of the
turboexpander on the inlet gas temperature

Fig. 5 shows that with an increase in the heating
temperature, the specific work of adiabatic
expansion increases. The temperature in front of the
EGU should be taken on the basis of technical and
economic indicators, depending on the unit scheme
and the required temperature of the gas supplied to
consumers.

When determining the dependence of work of the
EGU on the temperature at the inlet, pressure drops
were considered that are close to those that can oc-
cur at the GDS or GCP.

The results of calculations of the specific work of
the EGU for different temperatures at the inlet to the
expander depending on the pressure ratio are shown
in Fig. 6.
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Fig. 6. The dependence of the specific work of the
turboexpander on the pressure drop

Fig. 6 shows that with an increase in the pressure
ratio before and after the EGU, the specific work of
the expander increases.

So, for example, with a decrease in the gas
pressure drop at the inlet and outlet from 6 to 3
(2 times at a constant pressure at the outlet of the
expander), the power of the unit is reduced by
1.5 times.

This dependence shows that when operating at
modes different from the calculated ones, it is the
rezult of a decrease in pressure in gas pipelines or
due to seasonal fluctuations in gas consumption,
electricity generation will change.

Specific work is a function of the pressure drop
ratio, on the other hand, it directly depends on the
temperature at the expander inlet.

Fig. 6 shows that at different temperatures at the
inlet, the graphs of work changes are similar to each
other.

Let us determine the overpressure potential (EGU
capacity) and the annual electricity generation for
the given gas flow rates at the GDS 10000 m’/h,
30000 m’/h, 50000 m’/h and pressure drops of
7.5/12 MPa and 4.0/1.2 MPa. The calculation
results are shown in Table 3 and Table 4.

Table 3
Power of the expander and annual electricity

generation of EGU at a pressure drop
of 7.5/1.2 MPa

g2 B2 | 2, | = | 2%
=S 2880 32 5 | 25
SE|&Egc| 82| & |38
10 223 379 3154
10 223 1137 9462
10 10 223 1896 15788
35 238 405 3024
35 238 1214 10103
10 35 238 2023 16835
60 254 432 3595
60 254 1295 10777
10 60 254 2159 18266
95 275 468 3894
95 275 1403 11676
10 95 275 2338 19457
120 295 502 4178
120 295 1505 12525
10 120 295 2508 20872

© Volianska L., Nikitina G., Beregovoi 1., 2021
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Table 4

Expander capacity and annual power generation
of the EGU by pressure drop 4.0/1.2 MPa

(]

:. | 22 | 4 = | 52

= 2 Hg o > B.M
2 2 225 | 2 = | 2%
ES | Bis| 22| 5 |3F
2| 28| 82 z g £

O 8 O =8 .E A~ ~ < oo
2 10 135 230 1914
6 10 135 689 5737
10 10 135 1178 9553
2 35 152 258 2147
6 35 152 775 6246
10 35 152 1292 10752
2 60 172 292 2430
6 60 172 877 7298
10 60 172 1462 12166
2 95 192 326 2712
6 95 192 979 8122
10 95 192 1632 13582
2 120 209 385 2954
6 120 209 1066 8871
10 120 209 1777 14788

According to the calculations, we see that the
power of the EGU grows with an increase in the
pressure drop and an increase in temperature.

The greatest potential of the overpressure energy
is possessed by the GDS with a large pressure drop
and a significant flow rate of gas passing through the
GDS. An increase in electrical power can also be
achieved with an increase in the gas temperature be-
fore the EGU, but this requires a separate feasibility
study.

Graphical dependences of the EGU power on the
gas flow rate at various temperatures at the inlet to
the turboexpander are shown in Fig. 7 for a pressure
drop of 7.5/1.2 MPa and in Fig. 8 for a pressure drop
of 4.0/1.2 MPa. Power increases significantly with
increasing gas flow rate.
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Fig. 7. Dependence of the power
of the turboexpander on the gas flow rate
at differential pressure 7.5/1.2 MPa
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Fig. 8. Dependence of the turboexpander power
on the gas flow rate by pressure drop 4.0/1.2 MPa

So, for example, for a pressure drop of
7.5/1.2 MPa at a gas flow rate of 2 kg/s and a
temperature at the inlet to the turboexpander of
10 °C, the power is 379 kW, and at the same
temperature and gas flow rate of 10 kg/s — 1896 kW.
Power also increases with increasing temperature.

For a pressure drop of 4.0/1.2 MPa and a gas
flow rate of 2 kg/s at an the inlet temperature of
10 °C, the power is 230 kW, and at a gas flow rate of
10 kg/s the power is 1178 kW.

Power also increases with  increasing
temperature. Thus, an increase in the temperature at
the inlet to the turboexpander from 10 °C to 120 °C
(at a gas flow rate of 10 kg/s) leads to an increase in
power from 230 kW to 385 kW.

The annual electricity generation of the EGU at
various temperatures and gas flow rates for a
pressure drop of 7.5/1.2 is shown in Fig. 9.
Obviously, a change in gas flow rate causes a
significantly larger change in annual output than a
change in temperature in these ranges of values of
gas flow rate and temperature.

KWh

20000

15000
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5000 IzlI @I _
. L
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W6 kgls

tin, °C
M 2kg/s O 10kg/s

Fig. 9. Annual electricity generation by the EGU
at various gas flow rates and gas temperatures for
a pressure drop of 7.5/1.2 MPa

The heat consumption for heating the gas before
the turboexpander is determined as:
O = GAh = Gc ,AT , kW.

The calculation is performed on the following
conditions. The gas temperature in the inlet gas pipe-
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line is 10 °C. Gas reduction is one-stage. The gas
temperature at the outlet of the turboexpander is
10 °C. Under these conditions and depending on the
pressure drop, the temperature to which the gas
should be heated can be found from the graph (see
Fig. 4). The calculation results are shown in Table 5.

Table 5
Heat consumption for gas heating

2588 | fED | 25ES
=czf | 8¢ 25§

8 =2 = g =

60 2 244

60 6 732

60 10 1222

107 2 473

107 6 1416

107 10 2360

120 2 561

120 6 1680

120 10 2800

140 2 634

140 6 1902

140 10 3107
Conclusion

Comparing the results of calculating the heat
consumption with the potential power of the
turboexpander (see Fig. 7, 8), it can be concluded
that one-stage gas heating in front of the
turboexpander is possible under the condition of a
heating temperature of 60 °C for all considered gas
flow rates.

From a thermodynamic point of view, gas
reduction in a EGU with a single-stage heating
before the turboexpander to temperatures of 107 °C,
120 °C, 140 °C by a pressure drop of 4.0/1.2 MPa is
unprofitable. The use of gas reduction with the help
of expanders at such gas distribution stations can be
recommended in the presence of significant sources
of excess heat (for example, heat station, gas exhaust
gas from gas turbines, etc.) and (or) a cold
consumer.

For GDS with a pressure drop of 7.5/1.2 MPa
and gas flow rates considered in the work, a two-
stage reduction with intermediate heating can be
proposed. According to Fig. 4, to ensure the
temperature at the outlet of the turboexpander of
10 °C, the gas must be heated at the inlet to 65 °C.

Note that the study considered only
thermodynamic conditions for energy conversion

and did not take into account operating conditions,
which also affects energy consumption and energy
balance.

Thus, the efficiency of gas reduction using
expanders in gas transportation systems depends on
specific conditions (GDS throughput, available gas
pressure drop, GDS location near waste energy
sources, etc.). Therefore, for specific conditions, the
question of the possibility of using the EGU must be
resolved, and in the future, the appropriate EGU
scheme is selected (or developed).
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BUKOPUCTAHHA JETAHJEP-

Y emammi posensanymo moosicnusicme ymunizayii enepeii Ha0IUmKo8020 MUCKy NPUPOOHO20 2a3y, wo ni080OUMbCs
1O 2a301P0OBOOAX 00 2A30PO3NOOLILHUX CIMAHYIL | 2A30Pe2YISIMOPHUX NYHKIMAX NPOMUCIO8UX CRodicusadis 2asy. [lpoye-
CU MPAHCNOPMYBAHHS | PO3NOOLTY NPUPOOHO20 2a3y NOG SI3AHI 3 NOSIBAMU HAOTUWIKIE Mensio8ol i nOmeHYilHoI enepeii.
Ix Yymunizayis Ha 2a30po3no0LIbHUX CIAHYIAX MOdCe RIOBUWUMU K A8MOHOMHICINb CAMUX CIAHYIN, MAK I 3a2a1bHy
epexmugnicmv pobomu 8ciei eazompancnopmuoi cucmemu. Pozensioaemovcs 3acmocysanns mypoooemanoeprux ycma-
HOBOK 3 MEMmOI0 NepemeopeHHsl i 6UKOPUCHIAHHI eHepaii NOMOKY CHUCHEH020 NPUPOOHO20 2a3Y K 6MOPUHHOI eHepeo-
pecypcy HaoauwKo8o2o mucky. Ilpogedeno oyinKy mepmoourHamiunoi eghpekmusHocmi OemaHnoep 2eHepamopHo20 azpe-
2amy NOpi6HAHO 3 OPOCETbHUMU NPUCIPOAMU NPU IX BUKOPUCIMAHHI HA 2A30PO3N00LIbHUX CINAHYIIL | 2a30pe2yamopHUx
nyHkmax. Ia3opo3nodinbHu cmanyiu 1 2a30pe2yismopHU  RYHKMU PO32A0aomscsa AK 00 °€kmu, y AKux npu
OpocentogaHHi 8i00y8aembca nuue 3MiHA eHepaii NOMOKY 2a3y, Wo MpAHCROPMYEMbCA, d NPU BUKOPUCTIAHHT OemaHOep
2eHepamopHo20 azpezamy — 3MiHA eHepeii NOMoKy 2a3y i eeHepayia enekmpoenepeii. ¥ cmammi npedcmaeneti pe-
3yIMamu. aHanizy 00CaioXceHb OISl Pi3HUX DiBHI8 MeXHON02IUHUX nepenadié MuUcKy mpancnopmosano20 nPUpoOHo20
eazy. Ilpoananizosano eniue nidiepigy 2azy nepeod 0emanoep-2eHepamopHum azpezamom abo npPoMINCHO20 nidiepisy Ha
ehexmusHicmyb 3acmocy8ants mypo0oemanOepHoi MexXHON02IT 3HUICEHHS TUCKY HPUPOOHO20 HA 2aA30PO3N0O0LTbHIL
cmanyii. IIpogedeno oyinKy mepmoouHamiynoi echexmugrnocmi demanoep 2eHepamopHo20 azpezamy nopieHIHo 3 Opo-
CebHUMU NPUCMPOAMU NPU IX SUKOPUCMAHHI HA 2A30PO3N00LIbHITE CManyii I 2a30po3nodiibHoMy nyHKmi. Buseneno
Nepcnekmuey GUKOPUCIAHHS NOMEHYIUHOI eHepeii MUCKY MAa2iCmpanibHUux 2a3onposoodié I NOHOBNIOEAHUX Odcepell
eHepeil 0151 ompumMarHs 000amK080I eHepeil.

KniouoBi cnoBa: rasoposnoginbHa craHuis; TypbogeTanaep; nepenag TUCKY; yTWmi3auisi; BTOPUHHI €eHepronoToku;
NPUPOAHWIA ras.

Volianska L., Nikitina G., Berehovyi 1.
ESTIMATION OF THERMODYNAMIC EFFICIENCY OF USING EXPANDER-GENERATOR
UNIT

The article considers the possibility of utilizing the energy of excess pressure of natural gas supplied through gas
pipelines to gas distribution stations and gas control points of industrial gas consumers. The processes of transporta-
tion and distribution of natural gas are associated with the appearance of surplus heat and potential energy. Their
utilization at gas distribution stations can increase both the autonomy of the stations themselves and the overall effi-
ciency of the entire gas transmission system.
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The use of turboexpander units for the purpose of converting and using the energy of a compressed natural gas
stream as a secondary energy resource of excess pressure is considered. An assessment of the thermodynamic efficiency
of an expander generating unit is carried out in comparison with throttling devices when used in gas distribution sta-
tions and gas control points. Gas distribution stations and gas control points are considered as objects in which, during
throttling, there is only a change in the energy of the flow of the transported gas, and when using expander-generator
units - a change in the energy of the gas flow and generation of electricity. The article presents the results of the analy-
sis of studies for various levels of technological pressure drops of transported natural gas. The influence of gas heating
before the expander-generator unit or intermediate heating on the efficiency of using the turbo-expander technology to
reduce the natural pressure at the gas distribution station is analyzed. The assessment of the thermodynamic efficiency
of the expander of the generator unit is carried out in comparison with the throttling devices when they are used at the
gas distribution station and gas control point. The prospects of using the potential pressure energy of main gas pipe-
lines and renewable energy sources for obtaining additional energy have been identified.

Keywords: gas distribution station; turboexpander; pressure drop; utilization; waste energy; natural gas.
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