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Introduction

Most of the world's oil production comes from old
conventional fields. Increasing the oil recovery from
these sources is the main goal for oil companies and oil-
producing governments. In addition, the replacement
rate of produced reserves with new discoveries has
been steadily decreasing in recent decades [ 1-3].
Therefore, increasing the extraction rate from the
fields under primary and secondary production is
important to meet the growing energy demand in the
coming years.

In addition, the issue of reduction of carbon dioxide
production through storage in underground layers is
a possible option. Also, in the process of converting
fossil fuel energy into electricity, it is necessary to
reduce wastage by bringing thermal power plants
closer to gas production sources.

There are various methods to enhance oil recovery
(EOR) from the field, one of the most common of
which is the gas injection method. Increased recovery
through gas injection has been used in fractured
carbonate reservoirs and reservoirs with light fluid
such as volatile oils. The four main approaches in the
gas injection method include carbon dioxide injection,
nitrogen injection, recovery of natural hydrocarbon
gases, and injection of combustion gases (like Flue
Gas).

Accepted: November/05/2023

As a flowchart diagram, The simple picture of the
flue gas injection process introduced in this study is
presented in the Fig. 1.

Electricity
v sales
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oil production
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Fig. 1 The cycle of combustion gas injection and simultane-

ous electricity generation.

Materials and Methods

Four main methods have been used in this study:

First, the properties of different fluids and rocks obtained
from a real oil field were analysed on a laboratory
scale. After that flue gas injection operations and other
gases were analysed on a core scale. Determination of



physical parameters such as composition of live oil
and injected gas, changes in density, viscosity and gas
dissolved in oil with pressure and temperature, as well
as the increase in recovery coefficient and stability of
asphaltene precipitation were measured.

In the second stage, the laboratory information was re-
viewed to update the computer model of the reservoir
and simulate the injection process in four scenarios:
nitrogen injection, carbon dioxide injection, natural
gas injection, and flue gas injection. This simulation
was performed on a real model of an active reservoir
with dimensions of 10 x 30 km and 5 billion barrels of
oil in place in Eclipse 100 software. Production and
injection wells are simulated by Eclipse software, and
their image is shown in Fig. 2.

Fig. 2 Simulation of changes in initial oil saturation in the
cased study oil reservoir.

In the third stage, the process of separation and
purification of flue gas was simulated in process units
including compressors, heat exchangers and water and
coke separators in the Hysys simulator. During this
simulation, the output flow rate of the power plant,
the composition of the injected gas after the separation
process and the power required to increase the pressure
to select the type and number of compressors and the
amount of pipelines were determined.

In the next step, through economic calculations, the
amount of investment and operational cost to perform
flue gas injection operation in the cased study oil field
was investigated in three different scenarios. Also, the
rate of return on investment and the net present value of

Petroleum Research, 2024(February-March), Vol. 33, No. 133

investment were calculated. As a supplementary work,
through material balance calculations, the amount of
carbon dioxide that can be stored in this process was
calculated and the amount of tax assistance resulting
from carbon storage was calculated.

Results and Discussion

In different parts of this study sections, valuable results
were obtained to compare the flue gas EOR method
with other gas injection methods, which are presented
below.

1- In the laboratory section, it was determined that the
flue gas minimum miscible pressure is in the range of
carbon dioxide and nitrogen gas, but due to the high
solubility of carbon dioxide compared to nitrogen in
oil, this miscibility improvement is far higher than the
carbon dioxide concentration ratio. Also, flue gas does
not cause major problems of asphaltene precipitation
in oil. On the other hand, the recovery coefficient of
oil of carbon dioxide injection is higher than flue gas
injection in laboratory scale.

2- In field-scale simulation gas injection scenarios,
due to the possibility of injecting a higher volume of
flue gas compared to natural gas, the main parameters
of EOR in this method are preferable to other gas
injection methods. In the flue gas injection method,
due to availability (5 times more than the injection
volume), the field pressure drop was less than other
methods, the amount of gas/oil ratio produced in the
field was less than other methods, the average flow rate
of oil production and the final recovery rate were also
higher than other methods. The final results of these
parameters are presented in Table | and Fig. 3.

3- For and applicable surface design, due to the
corrosion of the water in the flue gas and coke particles,
it is necessary to carry out a separation process. This
process includes a repeated cycle of increasing the
pressure in the compressor, reducing the temperature
in the heat exchangers, and separating the liquid water
and the remaining gas. During a calculation process
in the Hysis simulator, by repeating three cycles, the
concentration of water vapor in the flue gas of the
power plant reaches from 17.3% to 0.26%. The results
of this simulation along with its flow diagram are
presented in Table 2.

Table 1 Economical results of simulation of different gas injection scenarios.

Injection scenario ]?r%?si(?nf fnoéag;;nscsq?;: Injection flow rate | Total injection | enhanced oil per- | Gross  profit
sion ($/MCF) (MMCF/D) cost (MMS) cent (%OOIP) (SMMM)

Carbon dioxide 1 38 485.5 5 12.87

Nitrogen 0.8 224 2289 9.7 23.62

Natural gas 3.35 50 2140 8 13.35

Flue gas 0.1 280 357.7 1 30.31
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Fig. 3 Technical results of simulation of different gas injection scenarios.

Table 2 Technical results of simulation of flue gas purification process.

parameter Feed Compressor 1 Compressor 2 Pipeline outlet Final output
pressure (kPa) 101 386 1551 782 782
temperature (c) 80 189 190 25 25

mass flow rate (ton/h) 390 351 348 348 348

water percentage (%) 17.3 2.3 0.6 0.6 0.26




4- In the economic calculations section, calculations
were made using the latest prices of pipelines,
compressors, drilling costs, gas sweetening, and
important parameters such as inflation, gas prices, and
electricity production in three main scenarios. These
three scenarios were the construction of a new power
plant near the oil production field and the use of the
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current gas injection facility, the transfer of combustion
gas from an existing power plant near the field, and the
construction of a new injection facility. The results of
economic calculations are presented in the Table 3. In
all these scenarios Return of capital will be between 3
and 4 years, and the start-up period will be two years.

Table 3 main costs and financial variables of three different project implementation scenarios, (unit: million dollars).

. initial invest- | Internal rate
scenario
ment of return

cost

Power plant
construction

The cost

Thec fC n-
0§t0 O > ]]

dructi L
.ruc ing pipe- | o .
lines ening

Compressor
cost

Building pow-

1 ith-
er plant With- o 38 82
out 1njection

facilities

- - - 12.5

Building a
power  plant
and injection
facilities

260 26 82

100 - 65 12.5

Using the flue
gas of existing | 250
power plants

140 90

Conclusion

Based on the simulation and technical and economic
studies of different gas injection methods studied in
one of the reservoirs in the south of the country, it can
be concluded:

» The gases resulting from the combustion of natural
gas can be considered as a sufficient source for saving
natural gas consumption as well as Gas injection for
EOR.

* The increase in the recovery factor resulting from the
injection of higher volume flue compared to the injec-
tion of other available gas sources such as (nitrogen,
carbon dioxide and natural gas injection).

* Since the carbon dioxide produced by combustion in
this method is injected into the tank, it is therefore an
environmentally friendly method that reduces green-

house gas emissions.

e The rate of return on investment and the start-up
period as well as the targeted withdrawal rate of this
method can create a proper economic justification for
implementing this method.
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