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B paGore mpeacTaBjieHO NpHMeHEHHE NApPOra3oBbIX YCTAHOBOK B KayecTBe CHOc00a YTHIM3ALMM TeIjia
razorypouHHbIx yctaHoBok (I'TY) Ha kommpeccopHbix cTtaHuusix. I'TY ObuIM BblaeleHbl, KaK OCHOBHBIE
HCTOYHHMKH JHEPrHM Cpedd BTOPHYHBIX JHepreruyeckux pecypcoB Ha KC ¢ ToYKkH 3peHHs] BO3MO:KHOCTH
npeoOpa3oBaHus ee B MOJE3HYI0 MEXaHHYECKYI0 HJIH dJIeKTpHiecKy1o. IIpennosxkeHo HCnoIb30BaTh NApOra3oBylo
YCTAHOBKY € KOTJIOM YTHJIN3aTOPOM C IIeJIbI0 HUBEJIUPOBAHMS NOTEPh Tella, yHOCHMOIo 0TPadoTABIIUMU ra3aMu
I'Ty.

Kitouessie cnopa: ["azotypounnas ycranoBka (I'TY), komnpeccopnas crannus (KC), maporazosas ycranoska (I11'Y),
oTpaboTaBIIHe Ta3bl, KOTEI-YTHIN3aTOP, BOASHON Map, KOHIACHCATOP.
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Article presents an applicative usage of combined cycle gas turbine at gas-compressor stations as a method of heat
utilization of gas turbine. Gas turbine units (GTU) were identified as a basic energy source among secondary
resources at compressor stations by means of its conversion into useful mechanical or electrical energy. Utilizing
a combined cycle gas turbine unit with a utilizer-boiler in order to minimize heat losses carried away by GTU
exhausted gases is suggested.

Keywords: Gas turbine unit (GTU), gas-compressor station (GCS), combined cycle gas turbine (CCGT), exhausted gases,
recovery boiler, water vapor, refrigerator.

Nowadays, gas transport is an essential part of Russian energy sector. Anyway, industrial
development in the domestic energy sector is fraught with difficulties. Specifically, Russian natural
gas industry leads the list of energy-consuming spheres, especially due to the heavy energy demand
for gas compressing. Most of the supplied heat is carried away into the atmosphere in the form of
exhausted gases (about 60%). Thus, waste of useful energy at gas-compressor stations is a
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considerable issue. Thermal losses in gas turbine units, according to sources [1,2,3], can vary from
80 to 100 GW.

It is worth mentioning that GTUs are not the only heat sources at GCSs. There are secondary
production sites with a large amount of by-product energy resources (SER). Such energy sources are
distinguished by huge amounts of energy for the usage of utilization into mechanical and electrical
energy:

o oil cooling system used for leveling the friction force of dynamic units of technological

equipment;

o heat exchangers, adsorbers and separators used for liquefaction and purification of natural

gas,

o recirculated water for temperature control of process main equipment;

o exhaust systems of process areas [4].

Derived energy from GTUs, most commonly, is used as a heat transfer agent in water boiling
processes in heating installation and engineering systems of GCSs or rarely for the needs of nearest
settlements (the drawback is seasonality of this method). Flow diagram is presented in Figure 1.
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Figure 1 — Flow diagram of CCGP with recovery boiler:
I - generator; K - GTU compressor; KC - GTU combustion chamber;
T - GTU gas turbine; H - feed pump; KV - recovery boiler; ITT - steam turbine; K-p -
refrigerator [1].
Source: Timoshenko, D. V. Possibility of superstructure of gas turbine units of gas pumping
units with utilisation combined cycle gas turbine units / D. V. Timoshenko, V. O. Remeslovskiy

The process works as follows:

1.  GTU’s exhausted gases carry away thermal energy into the recovery boiler, which is
essentially a simple heat exchanger;

2. Vapor-water working substance gains heating energy through the recovery boiler;

3. The obtained water vapor is sent directly to the steam turbine plant (STP);
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4.  The water vapor expands and does a mechanical work, mainly acting as a catalyst for the

current generators in the steam turbine plant;

5. Finally, vapor sets in the refrigerator and extracts in a cycle for its pretreatment and return

to the recovery boiler.

Technical and thermal specification of the most common gas turbines currently used at gas-
compressor stations is shown in Table 1. The values presented in the table confirm the above-
mentioned data about high flow rate of GTU’s exhausted gases and significant value of their
temperature.

Table 1 — Technical and thermal specification of gas turbine units [5]

Flow Tempera
. Numbe Energy Efficien | rate of P
Version ) ture of
r of consumption, cy factor, exhaust
of GTU ] exhausted
units MW % gases, ases. °C
kg/s £ases,
GTK- 646 10 32 86 303
10
NK-
16ST 618 16 29 103,1 378
NK-
12ST 322 6 26,1 57,6 302
DR-
5oL 268 10 28,5 81,5 330

Source: Karyshev, A. K. Perspective technologies of heat utilisation of exhausted gases of gas
pumping units / A. K. Karyshev, A. A. Zhinov, D. V. Shevelev

Modifications of combined GTU and turbine cycles called STIG-installations also can be
applied at gas-compressor stations. The basis of their work is to affect the exploitation of gas turbines
by injecting steam into the feed gas. At the same time, this technology is not identical from the CCGT
for utilization of exhaust gases. The main objective is to increase turbine power by 25% and to reduce
NOXx concentration in exhaust gases [6]. The flow diagram of STIG unit operation is shown at figure
2 (Figure 2).

The main disadvantage of STIG-cycle implementation at combined usage of GTU and CCGT
is the necessity to have a constant supply of fresh water and a treatment plant for its purification and
injection at a given volume, which can change all the time. Nevertheless, it is worth noting that
nowadays STIG systems are an actively studied and experimentally developed area of gas turbine
heat utilization development. In the near future, they may become the most economically and
environmentally developed solution for supporting efficient maintenance of power plants.
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Figure 2 — Flow diagram of STIG unit operation:
1 - energy consumer; 2 - compressor; 3 - combustion chamber; 4 - high-pressure turbine; 5 -
low-pressure turbine; 6 - CCGT [7]
Source: Liefer, D. S. State and prospects of development of steam-gas plants with steam
injection / D. S. Liefer, A. I. Samsonov

As a reference point for further development of the STIG-cycle, it is possible to point out the
introduction of a heat pump into the process, which is able to improve the technological base of the
plant exploitation, due to the possibility of decreasing heat losses in the refrigerator. Heat preservation
leads to the growth the efficiency of the combined heat and power plant. In that case, the operation
of heat pump will occur as follows: the cooling agent removes heat from the condenser,
compresses in the compressor, increases the temperature and gives off heat in the evaporator.

Nevertheless, drawback of steam-gas units for utilization of heat energy are worth discussion.
First of all, the low efficiency factor of the steam turbine part. The reason behind this are insufficient
initial parameters of vapor and low efficiency of the refrigerator. Also, steam turbine is rather
expensive and complicated in exploitation due to a large number of operating units.

The above-mentioned facts led to the development of alternative methods by scientists and
engineers. As an option, the use of utilization gas turbine units (UGTU) was proposed in research
papers.

In conclusion, we can say the problem of oil and gas industry - the usage of by-product heat
energy resources at gas-compressor stations was discussed and a result, gas turbine units were
reasonably selected as the most high-potential source of secondary energy. In the article a detailed
explanation of CCGT’s utilization at gas-compressor stations with a recovery boiler for conversion
of heat energy. Is given the most wide spread way of useful energy application is seasonal heating of
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technological sites of gas-compressor stations.
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