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IMPLEMENTATION OF BLOCK
ARTIFICIAL COOLING UNITS FOR GAS

PREPARATION

The object of research is the process of implementation and use of block artificial cooling units in the technology

of natural gas preparation.

The research has confirmed the high efficiency of using artificial cooling units. Due to deep gas cooling, it is
possible to achieve a significant increase in condensate production and improve gas quality. In addition, modern
units are characterized by high energy efficiency and compactness.

A comprehensive analysis of existing gas preparation technologies and a comparative assessment using block
artificial cooling units revealed a number of significant advantages of the proposed system, namely:

— block units provide deeper removal of heavy hydrocarbons, water and other impurities, which improves the

quality of the final product;

— due to lower gas temperature, more intensive condensation of heavy hydrocarbons is achieved, which leads to

additional extraction of valuable components;

— modern block units are equipped with energy-efficient equipment, which reduces energy costs;

— the units have a modular design, which facilitates their transportation, unit and maintenance;

— the use of block units allows to reduce emissions of harmful substances into the atmosphere;

— the ability to adapt to different operating conditions and product quality requirements.

The study found that existing natural gas preparation technologies have a number of disadvantages, such as:

— low efficiency of gas purification;
— high energy consumption;

— complexity of maintenance;

— large dimensions of the equipment.

Despite some drawbacks, the introduction of block artificial cooling units is a promising direction for the
development of the gas industry. The results of the study indicate the high efficiency of this technology and its

economic feasibility in the long term.
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1. Introduction

Natural gas preparation is a complex technological process
aimed at cleaning gas from impurities, water and other com-
ponents that degrade its quality and can lead to equipment
corrosion [1]. Increasing requirements [2] for the quality
of natural gas, as well as the need to increase condensate
production, stimulate the search for new, more efficient gas
preparation technologies. One of such promising areas is the
use of block units (BU) of artificial refrigeration [3].

The use of BU leads to a reduction in labor and material
resources, a reduction in the duration of construction of
ground facilities and costs during their operation [4].

When designing block units (BU) of artificial refrige-
ration, it is necessary to ensure:

— fulfillment of operational requirements (including

issues of fire protection and occupational safety) [5];

— fulfillment of technical aesthetics and architecture
requirements;
— maximum unification of technical solutions at all le-
vels (from individual block devices to the master plan) [6];
— maximum increase in the compactness of individual
block devices and the facility as a whole (based on the
use of a high degree of factory readiness of technological
equipment of the main and auxiliary purpose and the
articulation of block boxes into a single block building) [7].
During design, one should strive to implement facilities
in a block-complete design from a minimum number of
block devices based on the creation of combined aggregate
structures, large-sized block devices (superblocks), prefabri-
cated structures and units of maximum unit mass [8—10].
Therefore, the aim of research is to increase the efficiency
of gas preparation and increase condensate extraction by
using block artificial cooling units. After all, they allow to
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achieve a deeper purification of gas from heavy hydrocarbons
and water, which improves the quality of the final product.

2. Materials and Methods

To prepare gas to meet requirements of the GTS (gas
transportation system) and GDS (gas distribution systems)
Codes in terms of the dew point temperature of gas for mois-
ture (DPTM) and for hydrocarbons (DPTH) at all facilities,
it is planned to install a low-temperature gas separation (LGS)
unit using a freon refrigeration unit (FRU). The use of gas
preparation technology using the LGS unit provides DPTM
below minus 8 °C and DPTH about minus 20 °C. The initial
data for the calculation are given in Table 1.

Table 1
Input data for the calculation

No. Parameter Indicators

Productivity of the gas
1 | preparation unit (max.), | 250 150 50 35 20
thousand m3/day

9 Gas pressure at the

unit inlet (adv), MPa 0.7-1.2|0.7+12|0.7-1.2|0.7+12|0.7+1.2

Gas pressure at the

unit outlet (adv.), MPa A

0.6+1.1|06+1.1|0.6+1.1|0.6+1.1

4 Ga.s t.emperature 0at the 15 15 15 15 15
unit inlet (max.), °C

DPTH of gas at the
unit inlet is reduced

5 32 32 32 32 32
to a pressure of
3.92 MPa, °C

g |DPTH of gas at the 14 | 14 | 14 | 14 | 14
unit inlet, °C

The component composition of the gas is taken in ac-
cordance with the typical one for gas condensate fields. The
component composition of the gas and its physicochemical
properties are given in Table 2.

Tahle 2
Component composition of the gas and its physicochemical properties

Component name Component content, % val.
Methane 88.3500
Ethane 5.6145
Propane 1.2761
Iso-Butane 0.2430
n-Butane 0.2840
neo-Pentane 0.0000
Iso-Pentane 0.0600
n-Pentane 0.0470
n-Hexane 0.0450
n-Heptane 0.0375
n-Octane 0.0300
n-Nonane+higher 0.0375
Nitrogen 1.9872
Carbon dioxide 1.9882

Physicochemical properties of gas at 20 °C and a pressure of 760 mm-Hg

Chromatographic density, kg/m® 0.767
Relative density 0.636
Lower calorific value, kcal/m? 8354.3

For technological calculations, the average annual vo-
lume of gas supply to the consumer is calculated as the
average between the maximum and minimum volume of gas
consumption by the local consumer. The minimum volume
of gas consumption is taken at 10 % of the maximum.
The maximum productivity of gas preparation units cor-
responds to the maximum volume of gas consumption by
the local consumer. The annual volumes of gas consumption
are taken as constant for the calculation period.

Technical characteristics and cost of the FRU are taken
in accordance with the commercial offer [11, Appendix D].

The calculations assume the following expected terms
of commissioning of technological equipment: LGS unit
with the use of FRU — January 2024 [11].

3. Results and Discussion

The basic technological scheme of gas preparation is
shown in Fig. 1. Raw gas undergoes preliminary purifica-
tion from mechanical impurities and droplet liquid in the
existing first-stage separator C-1 and is fed to the recu-
perative heat exchanger T-1 of the LGS unit. The cooled
gas after the recuperative heat exchanger T-1 is fed to the
inlet of the heat exchanger T-2, where it is cooled by an
intermediate coolant from the FRU. After T-2, the gas
with a temperature of minus 29 °C is fed to the existing
second-stage separator C-2 to remove condensed liquid. The
gas purified in C-2 passes through the heat exchanger T-1
for heat recovery and is fed to the consumer. To prevent
hydrate formation, methanol is fed into the gas stream
after C-1 in an amount of 2.66 kg/1000 m® of gas.

Liquid from separators C-1 and C-2 is fed to the three-
phase separator P-1. Partially degassed condensate from
P-1 is throttled to atmospheric pressure and fed to the
tank E-1.

In the process of preparing raw gas by the method
of low-temperature separation, additional production of
hydrocarbon condensate is expected. In the calculations
of additional condensate production at the LGS, its degas-
sing at atmospheric pressure and a temperature of 20 °C
was assumed.

The results of technological calculations of gas prepa-
ration and additional condensate extraction volumes are
given in Table 3.

The data in Table 3 allow to assess the efficiency of
the unit, production and consumption volumes, as well as
the dynamics of these indicators over time. As it is pos-
sible to see, most of the indicators remain unchanged
throughout the period, which may indicate stable operation
of the unit and the absence of significant changes in the
technological process.

Capital investments in equipping facilities with additional
technological equipment are given in Table 4.

As can be seen from Table 4, the cost of the unit is
directly proportional to its productivity. The higher the
productivity, the more expensive the equipment. This is ex-
plained by the fact that for processing larger volumes of gas,
more powerful equipment and a larger number of materials
are required.

The operational characteristics of additional techno-
logical equipment are given in Table 5.

As the unit productivity increases, electricity consump-
tion also increases. This is logical, since more energy is re-
quired to process a larger volume of fluid.
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Fig. 1. Schematic technological scheme of gas preparation
Tahle 3
Results of technological calculations for gas preparation
Maximum unit capacity, thousand m%/day
250 150 50
Average Output of Consumption Average Output of Consumption Average
Year | annual gas Output of P v annual gas | Output of P P annual gas Output of
supply to the | commercial degassed of methanol supply to the | commercial degassed of methanol supply to the | commercial
M o condensate 96 % by . e condensate 96 % by . .
consumer®, | gas, million from the | weight on the | CORSUmer’, | gas, million trom the | weight on the | CORSUmer’, | gas, million
million m®/year g million m®/year g million m®/year
3 LGS, t/year | LGS, t/year 3 LGS, t/year | LGS, t/year 3
m*/year m*/year m*/year
2024 50.188 49.966 292.791 133.499 30.113 29.979 175.875 80.099 10.038 9.993
2025 50.188 49.966 292.791 133.499 30.113 29.979 175.875 80.099 10.038 9.993
2026 50.188 49.966 292.791 133.499 30.113 29.979 175.875 80.099 10.038 9.993
2028 50.188 49.966 292.791 133.499 30.113 29.979 175.875 80.099 10.038 9.993
2029 50.188 49.966 292.781 133.499 30.113 29.978 175.675 80.099 10.038 9.993
2030 50.188 49.966 292.791 133.499 30.113 29.979 175.675 80.099 10.038 9.993
2031 50.188 49.966 292.791 133.499 30.113 29.979 175.675 80.099 10.038 9.993
2032 50.188 49.966 292.791 133.499 30.113 29.979 175.6875 80.099 10.038 9.993
2033 50.188 49.966 292.791 133.499 30.113 29.979 175.875 80.099 10.038 9.993
2034 50.188 49.966 292.791 133.499 30.113 29.979 175.875 80.099 10.038 9.993
Maximum unit capacity, thousand m3/day
50 35 20
Consump- Average Consump- Average Consump-
Output of tion of annual Output of Output of tion of annual Output of Output of tion of
Year degassed methanol gas sup- put o 1 degassed methanol gas sup- put o 1 degassed methanol
condensate 96 % by ply to the commertia condensate | 96 % by ply to the commertia condensate 96 % by
. M gas, million . " gas, million R
from the weight on | consumer®, 3 from the weight on | consumer®, 3 from the weight on
LGS, t/year | the LGS, million /YT | 168, t/year | the LGS, million M/YEAT | 1GS, t/year | the LGS,
t/year m®/year t/year m®/year t/year
2024 58.558 26.700 7.026 6.995 40.991 18.690 4.015 3.997 23.423 10.680
2025 58.558 26.700 7.026 6.995 40.991 18.690 4.015 3.997 23.423 10.680
2026 58.558 26.700 7.026 6.995 40.991 18.690 4015 3.997 23.423 10.680
2028 58.558 26.700 7.026 6.995 40.991 18.690 4.015 3.897 23.423 10.680
2029 58.558 26.700 7.026 6.995 40.991 18.690 4.015 3.8997 23.423 10.680
2030 58.558 26.700 7.026 6.995 40.991 18.690 4.015 3.8997 23.423 10.680
2031 58.558 26.700 7.026 6.995 40.991 18.690 4.015 3.997 23.423 10.680
2032 58.558 26.700 7.026 6.995 40.991 18.690 4.015 3.997 23.423 10.680
2033 58.558 26.700 7.026 6.995 40.991 18.690 4.015 3.997 23.423 10.680
2034 58.558 26.700 7.026 6.995 40.991 18.690 4015 3.997 23.423 10.680

Note: * calculated as the average between the maximum and minimum volume of gas consumption by a local consumer (the minimum volume of gas

consumption is taken at 10 % of the maximum)
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Tahle 4

Capital investments in equipping facilities with additional technological equipment for the corresponding maximum productivity

No. Equipment name

Estimated cost of equipment (including VAT), UAH (USD)

250 thousand
m®/day

150 thousand
m®/day

50 thousand
m®/day

35 thousand
m%/day

20 thousand
m®%/day

1 | Becuperative heat exchanger (T-1)

1725836 (41629)

1725936 (41629)

151283 (3649)

90770 (219)

64460 (1555)

2 | Cooler heat exchanger (T-2)

668274 (16118)

376233 (8075)

181539 (4379)

128919 (3109)

128919 (3109)

Main equipment of the LG5S unit together

2394210 (54747)

2102169 (50704)

332822 (8028)

219689 (5299)

193379 (4664)

Pipelines, fittings, metal structures, 25 % of the

of the main equipment

; . 598553 (14437) | 525542 (12676) 83205 (2007) 54922 (1325) 48345 (1166)
cost of the main equipment
Engineering, 20 % of the cost of the main equipment | 478842 (11550) | 420434 (10140) 66564 (1605) 43938 (1060) 38676 (933)
5 0,
Assembly and construction work, 50 % of the cast | 119715 (28873) | 1051085 (25352) | 166411 (4014) | 109844 (2650) | 96689 (2332)

Total cost of the LGS unit

4668710 (112607)

4089230 (98872)

649002 (15654)

428393 (10333)

377088 (9095)

Unaccounted costs, 25 % of the total cost of the LGS unit

1167177 (28152)

1024807 (24718)

162250 (3914)

107098 (2583)

94272 (2274)

Freon refrigeration unit (FRU)

2188486 (53027)

1467876 (35405)

648227 (15635)

504072 (12158)

302694 (7300)

TOTAL 8034383 (193786)|6591913 (158995)| 1453480 (35202) | 1039563 (25074) | 774054 (18670)
Tahle 5
Operational characteristics of additional technological equipment
No Name 250 thousand 150 thousand 50 thousand 35 thousand 20 thousand
) m®/day m®/day m®/day m®/day m®/day
1 Average FRU electricity consumption, kW/hour 67.0 36.0 22.5 18.5 9.0
2 Unit operating time, hours/day 24 24 24 24 24

As a result, a linear relationship between productivity
and energy consumption was obtained, that is, if produc-
tivity increases by two times, energy consumption will

also increase by about two times.

This technology is of great practical importance, because

— the calculations made it possible to assess the eco-
nomic efficiency of the project and determine the optimal
operating modes of the unit;
— the obtained data can be used to optimize the tech-
nological process in order to reduce costs and increase

it allows to accurately calculate the required electricity
power for the unit to operate in different modes, helps
determine the optimal mode of operation of the unit in
terms of energy consumption.

Despite its value, there are certain limitations, because
Actual consumption may vary depending on factors such
as raw material quality, ambient temperature, equipment
wear. Electricity losses in networks and transformers are
also not taken into account.

Martial law also had an impact on the results of the
study, because the difficulty lies in importing the neces-
sary equipment and reagents.

In the future, it is desirable to compare the energy ef-
ficiency of this unit with similar units at other enterprises
and conduct a study of the impact of seasonal factors on
energy consumption.

4. Conclusions

The conducted studies confirm the effectiveness of the
low-temperature separation technology for gas preparation.
The results obtained can be used for further development
and improvement of technological processes in the oil and
gas industry:

— it was established that the technological process of

gas preparation is stable and ensures effective conden-

sate extraction at the maximum productivity of the
unit of 250 thousand m?/day it will be 292.791 t/year;

production efficiency.
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