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The Relevance: The Absheron oil and gas region, located in the northwestern part of
the South Caspian Basin, plays a pivotal role in understanding sedimentary deposits across
various geological periods. This study delves into the Lower Tabasir deposits within the
key fields of the Absheron archipelago, shedding light on their lithological composition
and contributing to a comprehensive understanding of the region's geological significance.

The Aim: With a primary objective of evaluating geothermal energy potential, this
research centers on the Bibiheybat deposit on the Absheron Peninsula. By employing
meticulous temperature and pressure measurementsand advanced modeling techniques,
the study aims to analyze the distribution of the geothermal energy throughout the field.

Methods: Detailed temperature and pressure measurements and modeling using the
Surfer program. Laboratory evaluations of the rock samples' thermal properties make the
geothermal energy calculations evenmore precise.

Results: The findings of this study offer insights into the distribution patterns of geo-
thermal energy within the Bibiheybat deposit. Temperature and pressure distribution maps
illustrate variations across the field. The proposed conversion scheme presents an avenue
for efficient geothermal-to-electricity transformation. Ultimately, this research underscores
the pivotal role of geothermal resources in shaping sustainable energy strategies for the
future, while promoting a more ecologically conscious approach to energy utilization.

Key words: geothermal energy, Absheron oil and gas region, Bibiheybat deposit, tem-
perature distribution, pressure distribution, energy conversion, sustainable energy, renew-

able resources.

Introduction. The Absheron oil and gas
region, located in the northwestern part of
the South Caspian Basin, consists of sedimen-
tary deposits from the Upper Tabasir to the
Anthropogene. The Lower Tabasir deposits
have been studied in exploration wells in
the Xazri (area 4), Gilavar (area 2), and Arzu
(area 2) fields of the Absheron archipelago,
with thicknesses reaching up to 700 m. The
intersected lithology mainly comprises terri-
genous-carbonate sediments [Yusifov, Asla-
nov, 2018].

The Absheron region includes the Ab-
sheron Peninsula, the Absheron archipelago

to its east, and the Baku Archipelago associ-
ated with it. The western part of the Absheron
exhibits several regional-tectonic characteris-
tics that reflect the regional-tectonic features
of the South Caspian region in many aspects
[Salmanov et al., 2015a].

The tectonic structure of the Southeastern
Caucasus undergoes changes within the Ab-
sheron pericline area. The pericline structure
is divided into the Northern Absheron and
Southern Absheron anticlines [Ahmadov et
al., 1958].

The Bibiheybat oil field is located on the
southern-western part of the Absheron Pen-
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insula, along the coastal areas, approximately
2 km away from the center of Baku city. The
southern-eastern portion of the field extends
from Bayil Cape in the north to Shikhlar Cape
in the south, covering the coastal area along
the Caspian Sea [Salmanov et al., 2015b].

The thermal field of the Earth's near-sur-
face layers is governed by the interaction
of internal and external heat sources. The
thermal energy of solar radiation reaching
the surface layers is an external source of
heat. Internal sources primarily include heat
generated during the decay of radioactive
isotopes of uranium, thorium, and potassium
and the heat related to other processes in-
side the Earth. This last one contains potential
energy released as a result of differentiation
under the gravity field, latent heat linked with
chemical reactions that produce or absorb
heat, and tidal deformation caused by the
Moon and Sun [Mukhtarov, 2018].

The release of thermal energy from tidal
sources in the Earth's near-surface layers is
significantly greater than the energy gene-
rated by tectonic, seismic, and hydrother-
mal processes. These factors contribute to
the aspects of Earth's thermal field studies.
Solar activity, observed on a daily, seasonal,
centennial, and long-term scale, leads to cy-
clic changes in air temperature. The impact
of these cycles becomes more profound with
longer periods. For instance, daily tempera-
ture changes affect the uppermost soil layer,
while seasonal variations extend to depths of
20 to 40 m, where heat is primarily transferred
through molecular thermal conductivity and,
in some cases, groundwater movement. At
depths of 20 to 40 m, a stable layer with nearly
constant annual temperature exists, generally
around 3.7 °C higher than the average yearly
air temperature [Mukhtarov, 1984, 2011; Fro-
lov, 1991]. Long-term climate shifts influence
temperatures at even greater depths, such as
evidence suggesting temperature fluctua-
tions during the Quaternary Period reaching
depths of 3 to 4 km. However, these changes
are often extremely subtle, frequently falling
below the limits of measurement capabilities.
Therefore, it is plausible to consider that sea-
sonal cycles are undetectable at depths with
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consistent temperatures. The temperature
conditions at these depths are shaped by the
intricate thermal interplay between shallow
and deep heat flux [Mukhtarov, 2018].

Temperature data from more than 150
wells in oil and gas-rich areas of Azerbaijan
were collected, spanning depths from 100 to
6000 m. These data, including information
from development wells, were used to create
temperature maps. The thermal characteris-
tics of over 3000 rock samples from Mesozoic-
Cenozoic sequences in Azerbaijan were mea-
sured, [Mekhtiyev et al., 1987, Aliyev, Aliyey,
1995; Aliyev et al., 2002; Mekhdiyev et al.,
2003; Mukhtarov, 2011]. The closely align with
properties observed in similar regions global-
ly [Cviermék, 1979; McKenna, Sharp, 1998]. For
instance, these findings played a crucial role
in determining the thermal properties of the
main lithological and stratigraphic formations
in Azerbaijan, encompassing approximately
two hundred locations.

In recent years, significant emphasis has
been placed on harnessing waste heat and
renewable sources of energy as a means to
decrease our reliance on fossil fuels. Addi-
tionally, there is a growing global demand
for energy [Sheng et al.,, 2013]. Renewable
energy has gained prominence as a crucial
supplier of energy to various industries. Un-
like fossil fuels, the utilization of renewable
energy sources has a lesser detrimental im-
pact on the environment in terms of gas emis-
sions. Geothermal energy, an abundant re-
newable resource, stands out as an relatively
easilyaccessible option, existing beneath the
Earth's surface worldwide at different depths
depending on the location.

Mining this new source of affordable ener-
gy isless detrimental to the environment than
mining fossil fuels [McKendry, 2002; Lurque
et al., 2008]. The depletion of fossil fuel re-
serves necessitates the development of more
sustainable energy sources such as geother-
mal, wind, solar, and tidal energy. As a result
of this necessity, a new technology for con-
verting tidal energy was tested [Assad et al.,
2016].

Because converting geothermal energy to
electrical energyis neither cheap nor simple,
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Fig. 1. Two-dimensional model of the depth structure of the Bibiheybat deposit with respect to the X stratum

[Mammadov, 2021].

there is a genuine need to make efficient use
of the available energy. There are now three
types of geothermal power plants: (1) flash
steam, (2) dry steam, and (3) binary ORC
(Organic Rankine Cycle) geothermal power
plants [DiPippo, 2007]. The geothermal re-
sources, are characterized as having low,
medium, or high enthalpy [Dickson, Fanelli,
2003].

Method. Utilizing geothermal energy is
of significant importance alongside the ex-
ploitation of oil fields at the border. To assess
the potential of geothermal energy available
throughout the area, it is necessary to deter-
mine the flow rate and temperature of the
fluid (oil, water, gas) exiting the wells.

Determining the distribution of pressure
and temperature of the X stratum is also an
important issue. In order to achieve this, it
would be appropriate to first study the depth
structure of the Bibiheybat deposit with re-
spect to the X stratum.

A two-dimensional (Fig. 1)and three-di-
mensional (Fig. 2) models of the area were
built to observe the depth structure of the
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Fig. 2. Three-dimensional model of the depth structure
of the Bibiheybat deposit with respect to the X stratum

[Mammadov, 2021].
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Fig. 3. Mining map of the Bibiheybat deposit with respect to the X stratum (based on the report materials of the

energy department of Bibiheybat NQCI, 2021).

Bibiheybat field's X stratum.These models
were built using the Surfer program after
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studying the coordinates and depth (in m) of
the wells.
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According to the two-dimensional model,
the X stratum is an anticlinal fold. Likewise,
with the three-dimensional model; the wells
located here have depths ranging from 430
to 660 m.

According to the mining map of the X stra-
tum, we can see that the productive oil wells
are mainly located in the northern, northeast,
and southern wings of the area.

In general, to calculate the potential of
geothermal energy present throughout the
field it is necessary to determine the flow
rate and temperature of the fluid (oil, water,
gas) extracted from the wells. For this, one
needs the temperature and pressure for each
well, which are calculated and recorded in the
monthly reports of the Research and Produc-
tion Department of Bibiheybatneft (Fig. 3).

The measurement works are carried out in
the following sequence.

1. Setting Up.

Manometer with Thermometer: This is a
pressure gauge designed to work in conjunc-
tion with a thermometer. It can be a combined
instrument or have separate sensors for pres-
sure and temperature.

Specific Program: This refers to specialized
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software used to record and analyze the well
data. The project name within the program
reflects the specific well being measured.

2. Data Acquisition.

Lowering the Manometer: The manometer,
along with any necessary protective housing
and cables, is carefully lowered into the well-
bore.

Continuous Measurement: As the mano-
meter descends, it constantly records pres-
sure and temperature data at specific intervals
throughout the well's depth.

3. Data Analysis.

Data Transfer: Once the manometer rea-
ches the bottom and finishes measurements,
the collected data is transferred to the dedi-
cated program.

Pressure & Temperature Graphs: The prog-
ram analyzes the pressure and temperature
data at different depths. It then generates
graphs that visualize how these parameters
change as you go deeper into the well. These
graphs can reveal important information
about the well's characteristics, such as fluid
properties and potential pressure variations.

4. Reporting.

Monthly Report: After analyzing the data,
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Fig. 4. Temperature distribution models in the X stratum of the Bibiheybat field [Mammadov, 2021].
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Fig. 5. Pressure distribution models in the X stratum of the Bibiheybat field [Mammadov, 2021].

key pressure and temperature readings from
various depths are documented in a monthly
report. This report allows for tracking chan-
ges over time and helps in understanding the
overall well behavior.

In addition to the measurement works men-
tioned earlier, we also measured temperature
of the fluid that comes through the wells and
exits through the pipes. It is known that as
the fluid moves along the wellbore and is in-
fluenced by the surrounding environment, it
cools down. The purpose of conducting these
measurements was to determine the tempera-
ture difference between different points.

Afterwards, special software is used to cre-
ate a temperature distribution model for the X
stratum of the Bibiheybat deposit. This model
shows the distribution of temperature across
the field (Fig. 4).

In the first model (Fig. 4, a), the tempera-
ture distribution map in the X stratum is de-
picted. The temperature in the producing
wells throughout the field ranges from 46 to
22 °C. It decreases towards the center and
increases towards the wings. Particularly, at
the injector wells 3812, 3739, and 3789 the
temperature drops sharply.
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In the second model (Fig. 4, b) as well, we
observe that the temperature increases from
the center towards the wings in the X stratum.

Distribution maps were also constructed
for pressure (Fig. 5).

If we look at the first model (Fig. 5, a), we
can observe that the pressure decreases from
the wings towards the center. Along the X
stratum, the pressure ranges from 50 to 6 atm.

In the second model (Fig. 5, b), we can
mainly note that the pressure increases from
the center towards the wings.

The potential of geothermal energy in the
Bibiheybat deposit is of interest. The objective
is to calculate the geothermal energy poten-
tial of the Bibiheybat deposit and determine
the distribution law of energy throughout the
field.

For this purpose, it would be appropriate
to first know the flow rate and temperature of
the wells in that region. The thermal energy
that wells bring to the earth's surface from
the ground is estimated according to the dis-
charge at the exit. If we express the flow rate
as g=m/t, the fluid of mass m will bring as much
energy as m=qt. The amount of heat is O=mcAT
and we can express it as O=qtcAT. Here you
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Fig. 6. Geothermal energy potential distribution models in the X stratum of the Bibiheybat field (a — for oil, b —

for water) [Mammadov, 2021].

can find the amount of heat (heat power)
that oil wells bring per unit time: W=Q/t=
=gcAT [Mammadova, 2016].

After determining the flow rate and tem-
perature of each well, the geothermal energy
(for oil and water) is calculated by the formula
W=Q/t=qcAT [Mammadova, 2016]. After the
calculations were completed, models were
built using the Surfer program to observe the
distribution of geothermal energy throughout
the field (Fig. 6).

In the first model (Fig. 6, a), the geothermal
energy obtained from the oil produced from
the wells in the X stratum increases from the
center towards the wings. The intensity of
geothermal energy is represented by various
shades of red and ranges from 100 to 1300
Wt/hour.

In the second model (Fig. 6, b), the same
pattern is repeated. The increase in geother-
mal energy towards the wings is due to the
high flow rate of the wells located there and
the higher temperature compared to the cen-
tral region.

Results. As a result, the total geothermal
energy power for the 45 wells is calculated
to be 207239.9 Wt/hour or approximately
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207 kWt/hour on average. This energy con-
sists of 15565.5 Wt/hour (15 kWt/hour) from
oil and 191674.4 Wt/hour (191 kWt/hour)
from water.

After evaluating the geothermal energy
for the X stratum of the Bibiheybat deposit,
one of the important issues to consider is the
calculation of the electrical energy that can
be obtained from this energy.

As we know, in order to convert the geo-
thermal energy here into electricity, a scheme
of special devices (heat exchangers, gas tur-
bine, generator and etc) needs to be built. The
proposed scheme is as follows: (Fig. 7).

First, a heat exchanger radiator will be
connected to each well, and these radiators
will be supplied with fluids boiling at high
pressure and low temperature. The fluid
coming from the well and having a certain
temperature will boil this fluid, and the high-
pressure steam obtained will be transported
to the gas turbine through the steam pipes.
This gas turbine will be connected to an elec-
tric generator and will convert the geothermal
energy into electrical energy.

In general, the overall efficiency of this
scheme can be up to 35 %. In other words, it
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Fig. 7. Scheme of special devices for converting geother-
mal energy into electrical energy [Mammadov, 2021].

is possible to convert 35 % of the calculated
geothermal energy into electrical energy. For
the calculated geothermal energy of 207239.9
Wt/hour or approximately 207 kWt/hour for
the 45 wells, we can obtain approximately
72533.965 Wt/hour (72 kWt/hour) of electrical
energy using this scheme. The calculated elec-
trical energy of 5447.925 Wt/hour (5 kWt/hour)
corresponds to the share of geothermal ener-
gy transported to the surface through oil, and
67086.04 Wt/hour (67 kWt/hour) corresponds
to the share of geothermal energy transported
to the surface through water.

Table presents the amount of electricity
consumption (in manats) in Bibiheybatneft
Oil Company. Overall, the energy consump-
tion per well is 24.53 kWt/hour. With this cal-
culation, the energy consumption for the 45
wells in the X stratum is 1104.03 kWt/hour.

With the proposed scheme, it has the po-
tential to supply 3 active wells in the mine, all
offices and equipment in the production area,
as well as 345 residential apartments with a
consumption of 150 kWt/h located near the
Bibiheybat deposit.

Distribution of electrical energy in Bibihey-
batneft Oil Company in March 2020 (Based
on the report materials of the energy depart-
ment of Bibiheybat NQCI, 2021)

The amount of active
Number Fields electricity is 0.07627m
(manat) per 1 kWt/hour
1 NQCS 1 270000
2 NQCS 2 320000
3 NQCS 3 340000
4 NQCS 4 305000

ISSN 0203-3100. Geophysical Journal. 2024. Vol. 46. Ne 2

Conclusion. This study investigated the
geothermal energy potential of the X stratum
within the Bibiheybat oil field in Azerbaijan.
Utilizing 3D and 2D depth structure models,
temperature and pressure distribution maps,
and geothermal energy potential models, the
researchers were able to assess the viability of
harnessing geothermal energy for electrical
power generation.

Key findings include:

—the X stratum exhibits an anticlinal fold
structure, with well depths ranging from 430
to 660 m;

— productive oil wells are primarily located
in the northern, northeastern, and southern
wings of the field,;

—temperature varies throughout the field,
ranging from 46 to 22 °C, with higher tem-
peratures observed in the wings and lower
temperatures towards the center;

— pressure also exhibits spatial variation,
decreasing from the wings towards the center
and ranging from 50 to 6 atm;

—geothermal energy potential is highest in
the wings due to higher flow rates and tem-
peratures.

The total geothermal energy power for the
45 wells is estimated to be 207239.9 Wt/hour
(207 kWt/hour), with 15565.5 Wt/hour
(15 kWt/hour) from oil and 191674.4 Wt/hour
(191 kWt/hour) from water;

—utilizing a conversion schemewith an effici-
ency of 35 %, approximately 72533.965 Wt/hour
(72 kWt/hour) of electrical energy can be
generated;

— this generated electrical energy has the
potential to power 3 active wells in the mine,
all offices and equipment in the production
area, as well as 345 residential apartments
with a consumption of 150 kWt/hour located
near the Bibiheybat deposit.

In conclusion, the X stratum of the Bibi-
heybat oil field demonstrates significant po-
tential for geothermal energy utilization. Im-
plementing the proposed conversion scheme
could provide a sustainable and clean source
of electrical power for various operations
within the field and the surrounding area.
Further research and development are war-
ranted to optimize the conversion process and
maximize the energy output.
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O1iHI0OBaHHS MMOTEHIiaAy Ta BUKOPUCTAaHHS reoTepMaAbHOIL
eHeprii B AOIepOHCBKOMY Ha()TOra30HOCHOMY perioHi

IT.FO. Mammapos, A.B. Icaam3ape, 2024

IHCcTUTYT Teoaoril i reodizuku MiHicTepcTBa HayKu i 0CBiTH A3epOaipXaHCbKOI
PecniyOaiku, Baky, Azep0OatipkaH

AxTyaabHICTE. HadpTorazoHocHuM paiiod AGIIIepOH PO3MIITY€EThCS Y IiBHIUHO-3aXiAHIN
yacTuHi [TiBAeHHOKacHiichbKoro O0acelHy i Biairpae KAIOYOBY POABb ¥ PO3YMiHHI ocapo-
BUX BIAKAGAIB PI3HUX I'€OAOTIUHUX IIepioaiB. AaHe AOCAIAKEHHS IIPUCBSAYEHE HUKHBO-
TabaMPCHKUM BiAKAAAAM Ha KAIOUOBUX POAOBHUINAX AOIIEPOHCHKOTO apXxileaary, 1o
IIPOAMBAE CBITAO Ha IX AITOAOTIUHUM CKAQA i pOOUTH BHECOK Y KOMIAEKCHE PO3YMiHHS
reOAOTIYHOIO 3HaYEeHHS PETIOHY.

MeTta. OcHOBHA MeTa AOCAIAKEHHS — OIiHIOBaHHS IIOTeHIliaAy re0TepMaAbHOI eHep-
rii, mo dokycyeTbcs Ha bibi-EiibaTrchbkoMy popoBHIl AOIIEPOHCHKOTO IIiBOCTPOBA. 3a
peTeAbHOI'0 BUMiPIOBAHHS TeMIlepaTypH Ta TUCKY Y IIOEAHAHHI 3 IIepeAOBUMM MeTOAAMU
MOAEAIOBAHHS AETAABHO AOCAIAJKEHO PO3IIOAIA I'€OTEPMAABHOL €Heprii B Me’Kax BCbOI'o
poAOBHIIIA.

MeTopn. 3a 6araToacreKTHOTO IAXOAY AOCAIAJKEHHSI BKAIOUA€E AeTaAbHI BUMipIOBaHHS
TeMIlepaTypH i TUCKY, AOTIOBHEHI CKAQAHUM MOAEAIOBAHHSAM 3a AOIIOMOTOIO IIpOrpaMu
Surfer. AabopaTopHe OIiHIOBaHHS TEIAOBUX BAACTUBOCTEM 3pa3KiB ripChbKUX IIOPiA AO-
AAQTKOBO IMIABUIIYE TOYHICTh PO3PAXYHKIB reOTePMAaABHOI €Hepril.

PesyabTaTi. OTprMaHO BUUYepIIHE YSIBA€HHS IIPO 3aKOHOMIPHOCTI PO3IOAIAY reoTep-
ManbHOI eHepril Ha bibi-EitbaTcbkoMy popoBuUllli. KapTu po3noainy TeMIiepaTypH Ta TUCKY
HAOYHO AEMOHCTPYIOTh 3MiHM B Me’KaX YChOI'O POAOBHIIIA. 3alIPOIIOHOBAHA CXeMa Iepe-
TBOPEHHS € CYTTEBUM IIAIXOM AN e(PEKTUBHOI'O IIePETBOPEHHS re0TepPMaAbHOI €Hepril
B eAeKTPUKY. L]e AOCAIAKEHHS IMIAKPECAIOE IEHTPAABHY POAbL T€OTEPMAABHUX PECYPCiB
y dhopMyBaHHI CTpaTerili CTarOl eHepreTUKU y MatiOyTHE, 1110 CIpUsi€ OiABIIT €KOAOTIYHO
CBIAOMOMY IIAXOAY AO BUKOPUCTAHHS €Hepril.

KArouoBi caroBa: reoTepManbHa eHeprisg, AOGIIepOHCHKUN HAa(TOTa30HOCHUM patioH,
Bi6i-EitbaTchke poAOBHIIlE, PO3IOAIA TEMIIEPATYPH, PO3IIOAIA THCKY, IEPETBOPEHHS eHep-
rii, CTiliKa eHeprisd, BIAHOBAIOBAHI PeCYpPCH.
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