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The article considered the thermal waters existing in Azerbaijan, the prospects for their
use, business opportunities and other issues. Forecast operational reserves of thermal
waters in the Republic, renewable energy potential of Azerbaijan, including the share of
renewable energy in Azerbaijan in 2020 are reflected here. Thus, there are a large number of
closed and unused exploration wells that can be restored and used to generate geothermal
energy with less investment. Now the main goal is to determine the optimal location for
drilling wells with a higher geothermal potential and the problems of using this energy.
Thermal waters with different chemical composition and mineralization in Azerbaijan are
predominantly common in the fold regions of the Caucasus and Talysh Mountains and
have significant reserves. As a result of research conducted on more than 1,000 thermal
water sources in Azerbaijan, it was determined that the total reserve of thermal water is
more than 245-10° m3/day. The main discharge paths of these waters are tectonic faults of
different directions and amplitudes. The gas content of the thermal water sources of the
Greater Caucasus and Talysh mountains are methane, nitrogen, hydrogen-sulfur mixture,
and the content of the Lesser Caucasus' are mainly carbon dioxide. Methane waters are
usually high-pressure and high-flow, and high-temperature (64—95 °C). The number of
sources containing methane is up to 200. Such sources include Masalli (Arkivan), Devechi
(Ledzh), Salyan (Babazanan) and others. Sources of nitrogen are found in the southern
part of the Greater Caucasus and in Talysh. These include both cold (14—180 °C) and
hot (41—550 °C) springs. The highest nitrogen content among them is Alasha — 100 %
(Astara), Meshesu 100 % (Lankaran), Ledzh — 37 %, Khaltan — 88 % (Devechi).

Besides (in addition), in the article the recent use of low-potential geothermal energy,
the issues of application of new technologies in the development and management of
geothermal resources also reviewed.

Key words: thermal waters, energy potential, low temperatures, chemical composition,
Lumped modeling.
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Introduction. Springs are sources of wa-
ter, one of the indispensable elements of the
living world. These waters can be classified
according to different parameters. One of
these parameters is temperature. Warm or
hot water with an outlet temperature above
20 °C is called thermal water. Geological ex-
ploration for different types of groundwater
(drinking and technical, mineral treatment

and purification, heat and power, industrial)
should be carried out in the required quanti-
ty and quality. The field operation conditions
should meet geological, technical, techni-
cal-economic and socio-ecological require-
ments, including groundwater use planning,
groundwater management, design and con-
struction of new pumping stations, as well
as reconstruction and expansion of existing
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pumping stations [Khutorskoy et al., 2021].

The subsoil study shall be conducted in
the following phases:

— regional study of subsoil for estimation
of predicted groundwater resources;

— geological study of subsoil of local sites,
search and evaluation of deposits [Mamedo-
va, 2008].

Due to its geological and geomorphologi-
cal features, Azerbaijan has large reserves
of thermo-mineral water resources. Thermal
and thermomineral waters are widespread
in the country, which, in addition to natural
outlets (springs), were discovered through
wells in the Kura basin, Samur-Devechi and
Lankaran foothills in Meso-Cenozoic rocks.
Natural outlets of thermal waters in moun-
tainous areas (Greater and Lesser Caucasus)
are mainly associated with tectonic faults. As
aresult of research in Azerbaijan, many ther-
mal fields with a total reserve of more than
245000 m®/day have been identified [Mam-
madova, 2016].

Zones of thermal water distribution on
the territory of the republic. Thermal water
resources in the country are mainly distribu-
ted in mountainous areas. The most popular
thermal springs are Istisu and Bagyrsakh.
The temperature in Bagyrsakh at a depth of
100 m is 80 °C; while in Istisu it is 62 °C at a
depth of 70 m and 75 °C at a depth of 300—
350 m. The water flow rate in Upper Istisu is
800—900 m’/day and in Lower Istisu it is
25 m*/day.

In addition, promising areas of thermal
waters include Lenkoran, Astara and Ma-
salli districts, Jarli, Sarysu and other areas
in the Kurin lowland. For example, the wa-
ter temperature at Donuzuten is 64 °C and
the flow rate is more than 1.5 ml/day. On
the left bank of the Kura River between the
villages of Dzharly and Mollakend, a deep
well Dzharly-3 was drilled, which produced a
fountain of thermal water with an initial tem-
perature of 96 °C. Current water temperature
at the mouth (outlet) is 92 °C, mineraliza-
tion is 50 g/L, water flow rate is more than
20000 m3/day These parameters were ob-
tained during the last period, the initial ca-
pacity potential of the well is about 70 MW (if
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the thermal water temperature cools to 20 °C).
In the same area, the thermal water flow rate
in another well is 10000 m*/day, the tempera-
ture at the wellhead is 82 °C, the potential of
the well is 20.4 MW (if the thermal water is
cooled to 40 °C) [Mukhtarov et al., 2015].

A more interesting area is the eastern part
of the South Caucasus along the Talysh-Van-
dam gravity high, which reflects the buried
part of the Mesozoic Island. Local volcanic
eruptions have been studied here to the finest
detail, as an oil field was discovered in the
volcanic rocks at Muradkhanly in the 1970 s.
This area is characterized by high fluid ac-
tivity, high anomalous heat flow. The Jarli-3
well is still spouting and bringing water to
the surface at high flow rates. At a depth of
2800—3000 m, the temperature of volcanic
rocks in some places (e.g., in the Jarli area)
reaches the boiling point of water [Aliyev et
al., 1984].

Table 1 shows the predicted exploitable
reserves of thermal waters in Azerbaijan, and
these reserves should be indicated depending
on the purpose of exploitation of the aquifers
and the areas where they occur.

Thermal waters are natural renewable un-
derground energy sources with high energy
potential. Natural sources of thermal waters
are found in all wrinkled zones of the Cauca-
sus and Talysh. The main discharge pathways
for these waters are tectonic faults of different
direction and amplitude. The temperature of
natural springs varies within 28—62 °C. The
flow rates are 0.1—2 1/s, less often 5—8 1/s.
Mineralisation is 0.4—5.8 g/l. The gas con-
tent of thermal water springs of the Greater
Caucasus and Talysh is a mixture of methane,
nitrogen, hydrogen sulphide, while thermal
water springs of the Lesser Caucasus are
mainly carbon dioxide.

Methane waters typically have high pres-
sure and high flow rates and high tempera-
tures (64—95 °C). The number of methane
sources is up to 200. These include Masalli
(Arkivan), Devechi (Lesh), Salyan (Babazan-
an) and others.

Nitrogen sources are located in the sou-
thern part of the Greater Caucasus and in Ta-
lysh. They include both cold (14—18 °C) and
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Table 1. Forecast of operational reserves of thermal waters of the republic [Mamedova,

2003]
Water temperature, °C,
Hydrogeologicalregions denominator — at depth, Forecastreserves, ms/day
numerator — at surface
Mountainous part of the Greater Caucasus % 2000
. . 3067
Gusar Foothill Plain 3997 21654
AbsheronPeninsula % 20000
Mountainous part of the Lesser Caucasus 30-74 4171
(mineral waters) n.i.
Territory of Nakhchivan Azerbaijan Republic 4% 3000
Talyshmountainregion % 14405
. 44-64
LenkoranPlain 42-50 7908
22-71
Kursklowland 2695 172466
Total fortherepublic 245604

Note: n.i. — no information.

hot (41—55 °C) springs. The highest nitro-
gen content among them is Alasha — 100 %
(Astara), Meshesu — 100 % (Lenkoran), Ledj
— 37 %, Khaltan — 88 % (Devechi).

It is known that most of the mineral waters
of Azerbaijan are thermal waters and have a
temperature of 40—97 °C. The temperature of
thermal waters fluctuates mainly within 20—
160 °C depending on the depth. It should be
noted that the age of rocks in aquifers does
not play a determining role in the formation
of thermal waters. The presence of water of
the same temperature at different depths in-
dicates their mixing [Israfilov, Israfilov, 2014].

Favorable geological conditions for the
use of geothermal energy. Controllingthe
concentration of carbon dioxide is an im-
portant issue in solving the global warming
problem. Since carbon dioxide is the result
of the combustion process of petrol, we must
reduce the use of energy from standard fuels
and seek a solution to this problem world-
wide through the use of alternative energy
sources. The issue of using alternative energy
has become more active worldwide in recent
years and it will be the only priority in the
near future.

Azerbaijan has great potential in terms
of alternative energy. Detailed study of this
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issue requires the development of modern
prospecting methods (Table 2).

Table 2. Renewable energy potential of
Azerbaijan (http://www.area.gov.az)

Type ofpotential Capacity, MW
Solarenergy >5000
Wind energy >4500
Bioenergy >1500
Geothermalenergy >800
Small hydroelectricpowerplants >350

It should be noted that geothermal energy
in Azerbaijan is one of the most promising
alternative energy sources. There are vari-
ous forms of heat rising to the Earth's surface:
volcanoes, geysers, mud volcanoes, thermal
water wells, etc. There are no active volca-
noes and geysers in the country, but there are
enough exploration wells with thermal water
temperatures of 100 °C and higher.

For many years there has been no need
for alternative energy in Azerbaijan. This is
explained by the fact that it is an oil coun-
try. Therefore, the possibilities of geothermal
energy, with the exception of thermal water
sources, have not been studied separately.
Recently, low-potential geothermal energy
technologies have been developed.
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Lumped parametric modeling. Modelling
plays an important role in geothermal reser-
voir engineering studies, and indirectly in the
development and management of geothermal
resources. Different modelling techniques
range from key source estimation or simple
analytical modelling of well tests to compre-
hensive numerical modelling of a geothermal
system that is subject to structurally complex
patterns of change due to long-term produc-
tion. The purpose of geothermal modelling
is primarily to obtain information about the
nature and characteristics of the system and
the conditions in the geothermal system. This
helps in the proper assessment of its nature
and the successful development of the source.

Second, the purpose of modelling is to
predict the reservoir response to future pro-
duction. From the predictions, the produc-
tion potential of the system can be estimated.
Model predictions also play a key role in the
management of geothermal resources during
long-term use, e.g. in evaluating the results
of various management activities. There are
many examples of the successful role of mo-
delling in geothermal resource management
[Axelsson, Gunnlaugsson, 2000; O'Sullivan
et al., 2001].

Modelling methods can be divided into
static modelling and dynamic modelling.
Both methods involve the development of a
kind of mathematical model that simulates
some or most of the information available in
the system. The volumetric method is the ba-
sic static method. This method is based on
estimating the total heat stored in a given vol-
ume of rock and how efficiently this heat can
be recovered. On the other hand, dynamic
simulation methods are based on modelling
the dynamic conditions and behavior (pro-
duction response) of geothermal systems. The
main dynamic modelling methods applied to
geothermal systems have been analyzed by
[Axelsson, 2013]. These include simple math-
ematical (analytical) modelling methods, con-
centrated parameter methods and complex
numerical modelling [Axelsson, Egilson,
2013].

In models such as simple analytical models
and centralized parametric models, the actual

132

structure and spatially varying characteristics
of the geothermal system have been greatly
simplified to produce analytical mathemati-
cal equations describing the model's response
to energy production. These models actually
simulate only one side of the response of the
geothermal system. On the other hand, de-
tailed and sophisticated numerical models can
accurately simulate most aspects of the struc-
ture, conditions and production response of a
geothermal system. Simple modelling takes
relatively little time and requires only limited
information about the geothermal system and
its response, whereas numerical modelling is
time consuming and requires exhaustive in-
formation about powerful computers as well
as the geothermal system. The complexity
of the model should be determined by the
purpose of the study, available data and rela-
tive cost. A centralized parameter model is a
simple, cost-effective and time-saving alter-
native model. Validation of numerical mod-
elling results can be used as part of a more
comprehensive study when available funds
are limited or when available data are limited.

A new centralized parametric model that
accounts for non-isothermal flow has been in-
troduced in many countries, including neigh-
boring Turkey, which can be used to estimate
the probability and estimate heat and fluid
production in geothermal reservoirs of low-
temperature single-phase fluids. The most
important advantage of the new model pre-
sented here is that it accounts for the variation
in mean reservoir pressure and temperature
due to the effects of extraction, reinjection
and natural supply compared to other models
with centralized parameters available in the
literature. As noted above, this model can be
used to estimate model parameters and future
pressure and temperature readings of a future
geothermal reservoir by comparing downhole
pressure (or dynamic well water level) mea-
sured in the field with a history of downhole
temperature data. Centralized parametric
models are widely used to predict the future
performance of low-temperature geothermal
systems.

In order to determine the possibility and
direction of using geothermal energy in dif-
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ferent spheres since the 60s of the last century,
to study the distribution and other character-
istics of underground thermal waters, which
are the main carriers of geothermal energy in
the foothills of Lankaran and the central part
of the Kura basin in the early 80 s, the search
and exploration of thermal waters in the Yala-
ma-Khachmaz areas of the Caspian-Guba re-
gion and on the south-western flank of the
Kura basin expanded, as a result of which the
calculation of thermal water reserves on the
p. of the Kura basin was made Thermal water
reserves in the republic are registered in the
amount of 25375 m*/day. Containing trace
elements J — 0.34—3.0 mg/l, Br — 3.09—
21.8 mg/l, ByO3—8.79—16.4 mg/l, these ther-
mal mineral water resources can be used for
thermal energy and balneological purposes.

Despite the fact that there is complete in-
formation about the flow rate, temperature,
chemical composition, etc. of the thermal
waters existing in the Lankaran district and
in Azerbaijan, there is very little information
about the ways of utilization of these ther-
mal springs. More than 100 years have passed
since the initial data on thermal waters of Ma-
salli district, despite this fact, researchers stu-
dying this problem still use this information.

Later, many sources widely review the
issues and provide information on geology,
hydrogeology of the area, flow rate, tempera-
ture, chemical composition, etc. of the cha-
racterized thermal waters. The studies con-
ducted by foreign scientists and experts on
thermal waters by Arkiwan and others at that
time have not lost their relevance today. This
does not mean that the chemical composition,
temperature and flow rate of thermal waters
remain unchanged for more than 100 years.
All over the world, in countries where thermal
water is widespread, its values are reviewed
annually. In addition to measuring, thermal
water users can increase or decrease the water
temperature at will. When studying thermal
and mineral waters of Azerbaijan, including
Masalli district, in the monograph «Mineral
springs of Azerbaijan» published in the 50 s of
the last centuries, M.A. Kashkai comprehen-
sively characterised the mineral water springs
of Arkivan, Donuzuten, Gotursu, Misharchay
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[Kashkai, 1952]. A.G. Askerov's monograph
«Mineral springs of Azerbaijan SSR» [1954]
is one of the invaluable works on the study of
thermal waters of Azerbaijan. On the territory
of Masalli district there are only 2 outlets of
thermal waters of Arkivan, which were used in
the past and now. One of them is thermal wa-
ter and the other is moderately hot water with
a temperature of 18—20 °C. Arkiwan thermal
water with a temperature of 50 °C and a flow
rate of 627-10° l/day on the left bank of the
Vilash River is currently the main source of
use. There is a thermal water spring Donuzu-
tan, which once had 20 outlets and a flow rate
of 1.6:10° 1/day, with a temperature of 63—
64 °C, 500 m west of the Arkivan spring on
theright bank of the Vilash River, 30 m apart,
no information is currently available on the
number of outlets of the spring. This spring is
currently not properly utilised. 2.5 km west of
Arkiwan, on the bank of the Vilesh River, on
an area of 35 m is the Gotursu thermal spring
with 17 outlets, a daily flow rate of 4-10°1/day,
temperature of 60 °C, high methane content,
low iodine and bromine content. The Misar-
chai thermal water, located 3 km southwest of
the Arkiwan thermal waters, has a flow rate of
1.2:10° 1/day, a temperature of 31—45 °C and
historically had 7 outlets in an area of 100 m.
Misarchai thermal water is rich in methane
gas. Currently, this thermal water is not used.

Business Opportunities. The Earth is
known to have a significant concentration of
thermal energy (geothermal energy) and this
energy can be utilized under certain condi-
tions. In some cases (volcanic eruptions, hot
springs, pressure from thermal water wells,
etc.) this energy naturally reaches the Earth's
surface. On the other hand, despite the sig-
nificant amount of geothermal energy per
square metre deep in the earth, there are
many challenges in harnessing it, including
the transfer of geothermal energy from the
depths to the surface. This, in turn, is one of
the most important factors determining the
cost-effectiveness and efficiency of geother-
mal energy.

Recently, the efficiency of thermal energy
utilization has depended mainly on deep
wells. However, Azerbaijan has a large num-
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ber of abandoned and unused exploration
wells that can be rehabilitated and utilised
for geothermal energy production with less
investment. The main objective now is to
identify the optimal location for drilling wells
with higher geothermal potential and the
problems of utilising this energy. The main
task of research and exploration special-
ists is to support the implementation of the
proposed plans and to develop optimal pro-
posals for efficient investments. The aim is
to summarise and present basic information
on geothermal sources in Azerbaijan (such
as thermal springs, mud volcanoes, thermal
wells, etc.) and to harmonise the results with
current technology and business opportuni-
ties.

Groundwater, oil and gas, which are ac-
tive fluids, are necessary for convective heat
transfer in the Earth's crust. If we take into ac-
count that millions of tons of oil are extracted
annually from the deep layers of the earth in
Azerbaijan, and this oil transfers heat from
the depth to the surface, we face an interest-
ing problem related to the use of geothermal
energy. Recently, after the problem of ener-
gy shortage became a subject of discussion,
some researchers have started to pay atten-
tion to this problem [Mukhtarov, 2004; Sanyal
etal., 2011].

Recently, the issue of finding and utili-
zing alternative energy sources has become
an urgent issue due to energy shortages and
global warming. Recently, the assessment of
geothermal energy carried by oil production
and the study of the prospects for utilizing
this energy has come to the fore as an impor-
tant issue of the day.

Unfortunately, the above-mentioned ther-
mal waters, such as the Arkivan thermal wa-
ter in Lankaran district with a temperature of
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I'eonoOriuHi YMOBM PO3BUTKY reoTepManbHOI eHepriil
B A3epOaraskaHi

A.B. Icham3aae, A.1ll. MyxTtapos, 2024

[HCTHTYT Teonorii Ta reodizuky HallioHaanbHa akapeMis Hallyk A3epOalipKaHy,
baky, Azepbatipkan

Y cTaTTi PO3TASIHYTO NOUIMPEHHS TepMaAbHUX BOA B A3epbalipKaHi, IepCHeKTUBU
IXHBOTO BUKOPHUCTAHHS K TOHOBAIOBAHUX AJKEpPeA eHepril, @ TaKOXX MO’KAMBOCTI AAT
Oi3Hecy Ta iHIIi reoaoro-reodiznuHi nUTaHHA. HaBepeHO IIPOTHO3 pecypcCiB TepMarbHUX
kpainu y 2020 p. OTKe, € BeAUKe YHCAO 3aKPUTHX 1 PO3BiAYBAaABHUX CBEPAAOBUH, 1110 He
BHUKOPHUCTOBYIOTHCS; BOHM MOJKYTh OyTH BIAHOBAEHI 3 METOI0 BUPOOHUIITBA TeOTepPMaAbHOI
eHeprii 3 MEeHIIIUMHU iHBEeCTUITIIMU.

B Azep6atipkaHi TepMaAbHI BOAM 3 Pi3HUM XiMiUHUM CKAQAOM i MiHepaai3allieio nepe-
BA’KHO ITOLIMPEH] Y CKAAAUACTUX 30HaX KaBkasy I TaAMCBKUX I'ip Ta MatOTh AOCTATHI 3a-
macu. 3a AQHUMHU AOCAIAKEHbB, TPOBEAEHUX Ha AJKepeAax TeEPMaAbHUX BOA KpaiHU, BU3Ha-
YeHO, 110 IXHi¥ 3araAbHUHY 3allac CTAaHOBUTE MoHap, 245 000 MS/AO6Y. OCHOBHUMH HIASIXAMU
PO3BaHTa’)KeHHS [TUX BOA € TEKTOHIUHI PO3AOMH Pi3HOTO HAIIPAMKY Ta Pi3HOI aMIAITYAHU.
lazoButi ckAap pAKepea TepMarbHUX Bop Beankoro Kaskasy i TaaAMCHKUX Tip € CyMIIIIIIio
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MeTaHy, a30TYy, CIpKOBOAHIO, a pAkepeA Manoro KaBkasy — nnepeBa’kKHO BYTAEKUCAWY I'as.
MeTaHOBI BOAU 3a3BHYal XapaKTepU3yIOThCI BUCOKUM THCKOM i BEAUKUMU 3allacaMy, a
TaKO>X BUCOKOIO TeMIlepaTypolo (64—95 °C). Ha 1eit uac BipoMo A0 200 p>xepen i3 Bmic-
TOoM MeTaHy — Macanai (ApkiBaH), AeBeui (Aepk), CarbgH (baba3zanan) Ta iH. TepmManbHi
AJKepeAa, 0 MiCTATh a30T, PO3MIITYIOThCS y MiBA€HHIN yacTuHI Beankoro KaBkasy i B
Taarucbkux ropax ik XoAopHi (14—18 °C) i rapsui (41—55 °C) poxxkepena. HatiBuiiiuii BMicCT
a30Ty BUSIBAEHO B Axkepeaax Aaarira — 100 % (Acrtapa), Mettecy — 100 % (AeHKOpaHb),
Aepxx — 37 %, Xartan — 88 % (AeBeui).

Y cTaTTi 00rOBOPEeHO BUKOPUCTAHHS HU3BKOIOTEHIIMHOI TeOTEPMaAbHOI eHepril Ta
3aCTOCYBAHHS HOBUX TEXHOAOTIIN Y PO3pO0IIi Ta YIPaBAIHHI TeOTEPMAABHUX PECYPCIB.

KAarouoBi croBa: TepManbHI BOAYM, €HEPTETUYHUH ITOTEHIIiaA, HM3bKi TeMIlepaTypH,
xXiMiuHuM ckAaap, Lumped MmopeatoBaHHS.
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