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Abstract: This article explores the geothermal resources of Kazakhstan's Zharkent Basin, with a 

specific focus on the high-temperature geothermal sources in the Almaty region of Southern 

Kazakhstan. The research aims to analyse the energy characteristics of the Organic Rankine Cycle 

(ORC) for harnessing low-enthalpy geothermal energy for small-scale electricity generation. A 

detailed thermodynamic model was developed, employing R134a as the working fluid. An in-depth 

analysis of the Zharkunak field (Zharkent, Almaty region) revealed that well 5539, with its notably 

high temperatures, offers the highest potential for geothermal electricity production, achieving an 

annual output of approximately 10,371 MWh. The total electric power output from the studied wells 

in the region is estimated at 20,111 MWh annually, representing a significant contribution towards 

sustainable energy production and reducing reliance on traditional coalfired power plants. The 

study concludes that the Organic Rankine Cycle is not only a viable and efficient technology for 

utilizing low-enthalpy geothermal resources to generate electricity on a small scale, but also a key 

player in enhancing energy independence. By leveraging local geothermal energy, the Almaty 

region can significantly reduce its reliance on external energy sources, thereby fostering sustainable 

development and reducing environmental impacts. 

Keywords: Kazakhstan; geothermal resources; Organic Rankine Cycle (ORC)  

 

1. Introduction 

Geothermal waters are widespread in Kazakhstan due to large artesian basins with water-

bearing rocks immersed in them to great depths. The size of their reserves estimates the possibilities 

of using geothermal waters, the presence of self-discharge, temperature indicators, the quality of 

groundwater and the presence of a consumer. 

According to the results of more than forty years of research of hydro geothermal resources in 

Kazakhstan, more than a hundred exploration wells have been drilled that have uncovered thermal 

waters with conditioned characteristics in terms of debits, temperature and mineralisation, gas and 

chemical composition, and the prospects for using geothermal energy potential have been revealed 

[1]. There are 3,544 underground water deposits registered. Their reserves amount to more than 42 

million cubic meters of water daily. Groundwater reserves are replenished naturally by precipitation 

or river runoff [2]. 
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Currently, in Kazakhstan and many Central Asian countries, groundwater other than drinking 

water is hardly considered. 

Geothermal sources in the Republic were collected and registered in the [reference from Institute 

of Hydrogeology and Geology named after U.M. Akhmetsafin (Almaty, Kazakhstan)] From this 

reference, one elaborates a territorial map of the geothermal distribution of Kazakhstan with QGIS 

3.32.0, Figure 1. 

As can be seen from the plot, most high-temperature geothermal sources by occupied area are 

territories with electricity deficit, Southern and Western Kazakhstan regions. To this end, one is 

considering the possibility of using geothermal sources to generate electricity due to the energy 

dependence of these regions on electricity supplies from the Russian Federation and Kyrgyzstan. 

 

Figure 1. Map of the distribution of geothermal groundwater in Kazakhstan. 

In Figure 1, the low-thermal springs with temperatures from 20-40°C are indicated on the map 

in green. They correspond to North Kazakhstan, the regions of Pavlodar, East Kazakhstan, Zhambyl, 

Kyzylorda and West Kazakhstan, and occupy a total area of 14% sq. km in the Republic, as 

summarised in Table 1. 

Geothermal springs with a temperature of 40-75°C marked on the map in yellow, are standard 

in Pavlodar, Zhambyl, Kyzylorda, Mangystau (Caspian Artesian basin) and West Kazakhstan regions 

and occupy a total area of 18% sq. km in the Republic (Table 1). 

Sources with a temperature of 75-100°C marked on the brown map are encountered in the 

Mangystau, Atyrau, and Turkistan regions and occupy a total area of 5% sq. km in the Republic (Table 

1).  

Sources with a temperature of more than 100°C marked on the map in crimson colour are 

recorded in the Almaty (Zharkent) and Mangystau regions and occupy a total area of 2% sq. km in 

the Republic, Table 1. 

Table 1. Distribution of geothermal sources over the Kazakhstan territory. 

  

∆T(0C) Area 

20-40 14% 

40-75 18% 

75-100 5% 

More than 100 2% 
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Geothermal sources in all these regions are used for agriculture, greenhouses, hot water supply, 

public buildings, private houses heating, or other uses. However, they are not used for generating 

electric energy. Using available geothermal sources for generating electric energy is relevant for 

Kazakhstan since more than 85% of electric energy is generated from thermal power plants that burn 

coal [1,3] and cause environmental damage. Kazakhstan has substantial coal reserves and has 

historically relied on coal-fired power plants for electricity generation. The country has also been 

developing its natural gas resources for power generation. Both coal and natural gas are fossil fuels 

that emit CO2 when burned for electricity.  

This article focuses on developing geothermal sources in promising regions of Kazakhstan. 

2. Materials and Methods 

2.1. Research Area 

To generate electrical energy, sources with high temperatures are needed. Therefore, one will 

consider in more detail the areas of occurrence of groundwater with high temperature and their 

chemical composition. 

Sources with temperature (75-100°C) 

Mangystau region has significant industrial reserves of thermal waters with a constant 

temperature of 60-90°C in summer and winter, which can form alternative sources of heat and 

electricity. It is undoubtedly possible to provide residents of the Mangystau region with 

environmentally friendly and cheap thermal energy. 

 

Figure 2. Map of occurrence of underground sources of geothermal waters in the Mangistau region. 

The lower-right image is the location of the Mangistau region on the country. 

The Mangystau-Ustyurt system of artesian basins is situated in the Aral-Caspian watershed, 

occupying the western side of the Turan Plate. The Cretaceous and Jurassic formations are the sources 

of hydro geothermal resources with great potential for exploitation. Thermal waters often contain 

industrially significant concentrations of iodine, boron, bromine, and other essential micro-

components. The Cretaceous thermometer complex is almost everywhere and can be found at a depth 

of up to 2000 meters or more in the bends of Mangyshlak and Ustyurt. The piezometric levels range 

from 160 to 250 meters below the first few tens of meters above the earth's surface. The well flow rates 

vary between 140 to 3500 m3/day. The water mineralization ranges from 1 to 10 g/dm3 in the uplift 

area and from 6 to 35 g/dm3 in the Zhetybay-Uzen zone. In the bends of Mangyshlak and Ustyurt, the 

water mineralization ranges from 50 to 100 g/dm3, predominantly consisting of sodium chloride. The 

reservoir temperature of groundwater varies from 50 to 65°C in the Zhetybay-Uzen zone and from 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 23 April 2024                   doi:10.20944/preprints202404.1510.v1

https://doi.org/10.20944/preprints202404.1510.v1


 4 

 

100 to 120°C in the North Ustyurt trough, reaching up to 120 to 150°C in the depressions of Southern 

Mangyshlak and Southern Ustyurt [3]. 

The Almaty Artesian basin is in the western part of the Ili Depression. Within this area, Neogene 

and Paleogene thermocautery complexes have been discovered, with depths of up to 650m and 1500-

2600m in the axial part. In certain areas, groundwater comes to the surface as springs under the 

pressure of the earth's layers. The water discharged from the spring’s ranges from 10-500 to 800-

2200m3/day. The water mineralization ranges from 3 to 10-15 g/dm3 and more, with sulphate-chloride 

and sodium chloride composition. The water temperature at a depth of 700-800m can reach up to 

40°C, and at a depth of up to 2600-3000m, it can reach 75-84°C [4]. 

 

Figure 3. Map of geothermal waters of the Almaty region. The Zharkend area, highlighted, is in the 

border of Almaty region. 

The Zharkent Artesian basin is known for its thermal waters, which have high potential due to 

their high temperatures at the wellheads. Located in the central part of the Zharkent depression, the 

flow rates of wells are between 40-60 dm3/s, with temperatures exceeding 80°C. Notably, the 

temperature of geothermal waters in the reservoir of the Zharkent basin is the highest recorded in all 

of Kazakhstan. While the temperature at the wellhead ranges from 30 to 103°C, calculations indicate 

that the temperature at the depth of the reservoir reaches an impressive 165°C. 

In the Zharkent sub-basin, geothermal waters have been discovered at depths ranging from 250-

400 m in the foothills and at depths of 4,000 - 4,500 m. The flow rate of wells ranges from 120 to 12000 

m3/day, with water mineralisation varying from 1.000 – 15.000 mg/l. The chemical composition of 

these waters varies from calcium bicarbonate to bicarbonate-sulphate-chloride sodium-calcium and 

sodium. The temperature of the water measured in wells varies from 20 to 103°C. 

Upon review, the Almaty and Mangystau regions have some of the highest temperatures of 

geothermal sources. Therefore, it is worthwhile to consider geothermal sources with sufficient 

potential for power supply to small settlements. Specifically, the wells in some areas of the Almaty 

region (Zharkunak deposit, Zharkent) can be considered objects of research for the possibility of 

using geothermal sources for power supply, as depicted in Figure 4 [5,6]. 
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Figure 4. This is a zoom of Figure 4, from the Zharkent-Almaty border. 

In 2015-2016, prospecting and deep exploration drilling for geothermal resources was carried 

out at the Zharkunak site to assess the sufficiency of geothermal resources for direct use in this area 

(Ministry of Energy and Mineral Resources of the Republic of Kazakhstan, 2016). This project was 

successful, and hot water from 2-3 wells is currently used for heating houses, hot water supply, 

heating greenhouses, fish farming and other needs (Table 2) [7]. 

Table 2. Currently used geothermal sources of the Zharkent depression. 

Well No. Well’s description Debit 

(l/s) 

T (0C) Photo of a geothermal well 

1-ТP The Kerimagash sanatorium uses the self-

draining geothermal well (Priiliyskaya Square) 

for balneology, swimming pools, and building 

and structural heating. 

22.0 92.0 

 

2-ТP Hot Water LLP uses a self-draining geothermal 

well (Priiliyskaya Square) to heat greenhouses 

122.0 92.0 

 

3-Т Self-draining geothermal well  

(Usen  Square) 

is used by the U.M.Akhmedsafin Institute of 

Hydrogeology and Geoecology for scientific 

research 

30.0 74.0 

 

The Zharkunak geothermal water deposit refers to the central part of the Zharkent depression, 

including wells No. 5539 and 1RT, as well as three conditional wells included in the design scheme 

of the areal water intake (Wells 1-TE`, 2-TE`, 3-TE`) Well. No 5539 location – Zharkunak drilling year 

– 2016, (Ispolnitel` – TOO PK«GEOTERM») Contractor – Production Company "GEOTHERM" LLP" 

depth – 2850 m, water temperature – 103°C, flow rate – 50 l/s, aquifer – Cretaceous, water 
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mineralisation – 0.7 g/dm3, chemical composition – sodium bicarbonate, use – for the needs of (TOO 

«Kiban-Agro») Kiban-Agro LLP (greenhouses and intensive fish farming pools) [4,7]. Since most 

wells are located close to each other, geothermal sources are poorly visible on the structural map of 

Zharkent (Figure 4). The reader can see in Figure 5 the location of these sources using satellite images. 

The link to these images is in the Supplementary Materials.  

 

Figure 5. Zharkunak deposit of geothermal waters (Zharkent, Almaty region). 

Based on the data shown in Table 3, one can see that the water temperature in well No. 5539 is 

ideal for generating electrical energy through ORC. This well has a temperature of over 1000C, 

causing the water to turn into steam as it exits the well. This steam is necessary for the turbines 

connected to the electric generators to rotate. In Kazakhstan, we can leverage existing self-draining 

geothermal wells without needing to invest significant capital costs. The production of electricity 

using thermal waters is dependent on mineralization and chemical composition.  

Therefore, this study aims to evaluate the potential of wells in some regions of the Almaty 

region, specifically the central part of the Zharkent depression, Zharkunak field, and well No. 5539, 

for power supply using the Organic Rankine Cycle (ORC). 

Table 3. Information on the production/potential of geothermal waters from wells in the Zharkent 

basin. 

Well (name or number) Well depth              (m) Wellhead     T(0С) Debit         (l/s) Water mineralisation 

(mg/l) 

1046 

 

42.4 5.4 800 

48 

 

46.0 65.5 - 

3-Т 3200 65.3 30.0 412 

5539 2850 103.0 50.5 1000 

1-RT 2885 98.0 24.2 975-1323 

2-TP 2953 87.2 29.1 587 

2.2. Research Methods 

The Organic Rankine Cycle (ORC) represents an attractive technology for small-scale power 

production and for exploiting low-temperature heat sources [9]. The ORC system shows higher 
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efficiency, flexibility, and safety when compared with traditional energy systems. Furthermore, ORC 

guarantees low maintenance requirements, fast start-up and stop procedures and efficient partial 

load operations [10]. 

The main difference between conventional and Organic Rankine Cycles lies in adopting an 

organic fluid against water vapour. Organic fluids are used in Rankine cycles at lower temperatures 

because they have favourable thermodynamic properties, such as lower boiling points compared to 

water. This allows the cycle to efficiently convert thermal energy into work at sources with lower 

temperatures, improving the efficiency and viability of systems like geothermal power plants and 

waste heat recovery in industrial processes. Organic fluids enable these systems to operate effectively 

where traditional water-steam cycles would not even operate. 

However, the first condition is to evaluate if the site is worth it for the environmental conditions 

in that zone. In a continental climate like Zharkent's, summers are typically hot and dry, while 

winters can be extremely cold and somewhat snowy. This results in a wide range of temperatures 

throughout the year. For instance, during the summer months, temperatures can climb well above 

30°C, occasionally reaching up to 40°C in the hottest periods. In contrast, winter temperatures can 

drop to -20°C for lower, especially during the coldest nights of December and January. 

These temperature variations influence the thermal efficiency of the ORC system. The first 

concern is to evaluate the Carnot efficiency, i.e., the temperature ranges the machine will operate 

yearly. 

The Carnot efficiency is a fundamental concept in thermodynamics. It defines the maximum 

possible theoretical efficiency that any heat engine can achieve during the conversion of heat into 

work, or more broadly, energy conversion processes. This efficiency depends solely on the 

temperatures of the heat source and the heat sink—respectively, the high-temperature reservoir, in 

our case the hot geothermal waters, from which the engine absorbs heat and the low-temperature 

reservoir, the atmospheric air, to which the engine expels heat. One admits the atmosphere to be the 

heat sink because there is no large body of water close. 

𝜂𝐶𝑎𝑟𝑛𝑜𝑡 =
𝑇𝑐 

𝑇ℎ
       (1) 

where Tc is the absolute temperature (in Kelvin) of the cold reservoir and Th is the absolute 

temperature of the hot reservoir. As previously stated, the atmospheric temperature changes 

seasonally, reducing and increasing the overall efficiency of the ORC system. In summer, the cold 

reservoir may reach 40°C (313.15 K). During winter, temperatures of -10°C (263.15 K) are easily 

reached. For the sake of this model, one will use these two temperatures as a reference for the cold 

reservoir. Table 4 shows the Carnot efficiency for the ORC system installed in the wells of the 

Zharkent basin, as indicated in Table 3. 

Table 4. Information on the production/potential of geothermal waters from wells in the Zharkent 

basin. 

Well, name or number Temperature at the 

wellhead (K) 

Carnot Efficiency 

Summer Tc=313,15 

K(%) 

Carnot Efficiency Winter 

Th=263,15 K(%) 

1046 315.6 0.8 16.6 

48 319.2 1.9 17.5 

3-Т 338.5 7.5 22.2 

5539 376.2 16.7 30.0 

1-RT 371.2 15.6 29.1 

2-TP 360.4 13.1 27.0 

As expected, the Carnot efficiency of each well changes substantially from summer to winter. In 

the case of wells 48 and 3-T summer efficiency is 1.9 and 7.5 % and winter efficiency rises to 17.5 and 
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22.2%. The heat exchange will be much more efficient in the winter than in the summer because of 

the higher differences in temperature. Moreover, the real thermal efficiency of heat engines is lower 

than the Carnot efficiency due to practical limitations and differences between real engines and the 

idealized Carnot engine. These factors include irreversibility like friction, wear, turbulence, fluid 

resistance, heat loss, and non-ideal processes such as non-isothermal heat transfer, finite-time 

processes, and material limitations. The exergy destruction due to entropy production and design 

and operational constraints like economic and safety considerations and environmental regulations 

can also affect engine efficiency. Therefore, the wells that are most promising for the installation of 

an ORC cycle are 5539, 1-RT, and 2-TP. These wells may operate the whole year despite lower 

efficiency in the summer. 

2.2.1. Thermodynamic Model 

One selected the simplest model. It is comprised of an evaporator, turbine, condenser, and 

pump. The purpose of this is to assess the possibility of more than one geothermal ORC system in 

the Zharkent basin. There, the geothermal hot water will be directed into the evaporator, acting as 

the primary heat source. 

The power available in the wells 

To access the power in the well, one must present two hypotheses: the well pressure and the soil 

type. Since the well pressure is unknown, one assumes a conservative value of 125 kPa. It is unlikely 

to have lower static pressures for self-draining geothermal wells. The second hypothesis is the 

existing soil type once it conditions the heat transfer efficiency from the well to the evaporator. Thus, 

the ORC's efficiency is directly influenced by the geological structure of the land of the Zharkent 

source. Given that the land in the Zharkent source is sandy in these wells, it could boost the well-

evaporator heat transfer efficiency by up to 40% [11]. 

The well capacity is determined as follows: 

𝑄́𝑡ℎ = 𝑚́(ℎ𝐵 − ℎ𝐴)        (2) 

Where: ℎ𝐵-depends on atmospheric pressure 

𝑚́ = 𝑟ℎ𝑜 ∙ 𝑣́         (3) 

Figure 6 (a) shows the most straightforward ORC layout. Here, one will focus on evaluating each 

well's available power for the previously discussed two hypotheses. The available power is given by 

the expression in Equation (2). The heat power capacity is provided by the enthalpy gradient of the 

well inlet and outlet times the geothermal water mass flow. These enthalpies are related to A and B's 

temperature and pressure conditions, presented in Table 5. The mass flow was calculated from the 

volumetric flow times the density at specific temperatures and pressure conditions, Equation (3). 

Table 5. Technical characteristics of the organic fluid R134a. 

   

 

    

     Entrance point – Point A   
 

 T(0C) T(K) rho kg/m3) h (kJ/kg) s kJ/kgK) Mass Flow = Flow x 

Density (kg/s) 

Point A - p=125 kPa 

  

 
 

5539 103.0 376.2 956.145 437.047 1.342 48.24 

1-RT 98.0 371.2 959.754 
410.966 1.285 

23.23 

2-TP 87.2 360.4 967.151 365.521 1.161 28.14 

Point B -  p=100 kPa  40.0 313.2 992.21 167.6151 0.57236  

Point B -  p=100 kPa  0.0 273.2 999.7 0.42117602 0.15107  

Results of a thermodynamic model for an ORC with an organic liquid. R134a Under conditions 

Point A - p=125 kPa and Point B - p=100 kPa. 
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Geothermal hot water is the primary heat source and is directed into the evaporator. Inside the 

evaporator, the geothermal hot water flows through a series of pipes or coils, part of a closed loop 

containing an organic working fluid. The heat from the well will be transferred to the working fluid. 

The quantity of heat transferred can be estimated as indicated in Equation (4), assuming the 40% 

efficiency as in the second hypothesis of the model [11]. 

𝑄𝑒𝑣𝑎𝑝 = 𝜂 ∙ 𝑄𝑤𝑒𝑙𝑙        (4) 

Where: 𝜂=40% 

Thus, the available thermal power corresponds to that indicated in Table 6. From the table, we 

conclude that well 5539 has the highest available thermal power in both summer and winter, and it 

is the most attractive for generating electric energy. 

Table 6. The available thermal capacity of the wells under study. 

Wells 
Available heat power – 

Summer (MW) 

Available heat power – 

Winter (MW) 

5539 5.102 8.328 

1-TR 2.261 3.814 

2-TP 2.268 4.110 

The power of the cycle  

The evaluation of the maximum energy to be explored in the wells is indicated in Table 6. 

However, the electric power extracted from the geothermal well will be a faction of that. The 

thermodynamic model will be presented, and the results will shed a light in the quantity of electric 

power yearly produced should a similar system be installed. 

As the geothermal hot water circulates in the evaporator, it transfers its heat to the organic 

working fluid, causing it to evaporate and generate high-pressure vapour—process 4-1 in Figure 6. 

This fluid is selected based on its thermodynamic properties, [12–14] such as low boiling point and 

high vapour pressure, making it ideal for converting thermal energy into mechanical work. The R-

134a fluid is used once its critical temperature is 10 K above the maximum well temperature. The R-

134a phase change is efficient due to the evaporator's design, which maximizes heat exchange 

through a large surface and minimizes thermal losses [15,16]. 

 
(a) 

 
(b) 

Figure 6. Typical layout (a) and T-s diagram (b) for an Organic Rankine Cycle. The system consists 

of: Evaporator, Turbine/Expander, Condenser, Pump. 

The high-pressure R-134a vapour leaves the evaporator and goes into a turbine. The turbine 

expands and spins the blades, converting thermal into mechanical energy – Process 1-2 in Figure 6. 

The fluid’s pressure and temperature drop after the turbine, but it maintains a saturated state, where 

vapour and liquid coexist. For summer conditions the fluid’s quality will be 97.8%, i.e. of the R134a 

will be vapour. For winter conditions, pressure and temperature drop will be higher thus condensing 

more fluid. After the turbine one will have 95.8% of the circulating R134a as vapour. A 4.2% 

condensate is within the acceptable operation limits of a vapour turbine. 
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After passing through the turbine, the R134a vapour is condensed back into a liquid by a cooling 

system – process 2-3. In our case, an air-cooled condenser. It is then recirculated by a pump back into 

the evaporator to repeat the cycle – process 3-4. The turbine is connected by a shaft to an alternator 

that converts the mechanical into electrical energy.  

For all processes, a steady state condition has been assumed for two seasons for a system 

operating with R-134a. System components' pressure drops and heat losses have been neglected [17–

19]. Figure 6 (b) shows the T-s diagram of this process and the fluid’s properties are depicted in Table 

7.  

Table 7. Thermodynamic properties of R134a for the summer and winter conditions. 

Point P (kPa) T (K) v (m3/kg) h (kJ/kg) s (kJ/kgK) x (%) 

1 3000 363.15 0.00575 436.1300 1.6995 - 

2 summer 1200 319.46 0.01645 419.076 1.6995 97.83 

2 winter 200 262.92 0.20826 
366.010 

1.6995 
95.84 

3 summer 1200 313.15 0.00087 
256.540 

1.1909 
- 

3 winter 200 263.15 0.00076 186.720 0.9507 - 

4 summer 3000 313.15 0.00087 256.540 1.1909 - 

4winter 3000 263.65 0.00076 186.7200 0.9507 - 

A control volume at the evaporator allows the calculation of the R134a mass flow rate as depicted 

in Equation (5). The heat is the one provided in Table 7 and the enthalpy are in Table 5. 

𝑚́ =
𝑄̇

(ℎ1−ℎ4)
         (5) 

The required mass flow rate of R134a for different seasons is 0.028 kg/s in summer for well 5539 

and 0.033 kg/c in winter. Also, for wells 1-RT and 2-TP in summer, 0.013 and 0.012 kg/s, and in winter, 

0.015 and 0.016 kg/s Table 8. 

Table 8. The R134a required mass flow. 

 Summer (kg/s) Winter (kg/s) 

5539 0.028 0.033 

1-TR 0.013 0.015 

2-TP 0.012 0.016 

The vapour turbine’s maximum power is also determined by applying a control volume to the 

turbine. The fluid’s enthalpy is from Table 5. For simplicity, one assumed the turbine's efficiency to 

be 95%. Note that this value was used to calculate the mechanical power, not the properties of point 

2 of the assumed isentropic expansion. 

𝑊𝑡𝑢𝑟𝑏 = 𝑚́(ℎ1 − ℎ2) ∙ 𝜂𝑡𝑢𝑟𝑏       (6) 

Where: 𝜂𝑡𝑢𝑟𝑏=95% 

The net power of the system is given by the difference between the work obtained in the turbine 

expansion and pumps, calculated as indicated in Equation (7): 

𝑊𝑝𝑢𝑚𝑝=𝑚 ∙ 𝜗̀ ∙ ∆𝑃              (7) 

As expected, the work from the pumps can be ignored once calculations show it to be 0.01% 

from the total expansion work from the turbines. 

The overall power that can be extracted from each well is thus presented in Table 9. Based on 

the table, well 5539 has the highest available thermal capacity, for which the electric capacity in 

summer is 0.460 MW and 2.224 MW in winter. As expected, the values are significantly higher in 

winter than in summer because heat exchange will be much more efficient in winter due to larger 

temperature differences. For wells 1-TR and 2-TP, the available electric power in summer is 0.204 and 

0.201MW, and in winter, 1.019 and 1.098 MW. 
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Table 9. Possible extracted geothermal power. 

 Summer (MW) Winter (MW) 

5539 0.460 2.224 

1-TR 0.204 1.019 

2-TP 0.201 1.098 

3. Results and Discussion 

This article explores the geothermal sources of the Almaty and Mangystau regions for the 

possible application and generation of electric energy by ORC renewable systems. The analysis 

focused on the geothermal source (Zharkunak field, Zharkent), where various geothermal wells exist. 

A study of the energy characteristics of Organic Rankine Cycles (OCRs) for operating low-

temperature heat sources was also conducted. For this purpose, R134a (freon) was chosen as the 

working fluid [20]. 

3.1. Geothermal Electricity Generation in Almaty Region 

A simple thermodynamic model enables the quantification of the mechanical power [21] 

extracted from three geothermal wells in the Almaty region of Kazakhstan. The possible electricity 

production, E, is calculated from the energy generated by the turbines for summer and winter 

conditions by each machine's full power operating time, t, by the electrical efficiency, Equation (8). 

𝐸 = 𝑃 ∙ 𝑡 ∙ 𝜂𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐              (8) 

In our case, one admitted the electrical efficiency to be 98%. One also hypothesized that the 

turbines operate 90% of the time at nominal capacity, with 10% dedicated to downtime operations or 

maintenance. The overall electricity production for each well is in Table 10.  

Table 10. The annual possible electricity production. 

Wells 
Electrical production (MWh) for 90% of the time 

- Summer and Winter 
Total (MWh) 

5539 1778  8593 10371 

1-TR 788 3935 4723 

2-TP 776 4241 5017 

SUM   20111 

Well 5539 (Table 8) stands out with an annual productivity of 10371 MWh of electricity, 

significantly surpassing the other wells. This is attributed to its notably higher temperature, as 

indicated in Table 4. When we consider the total annual electric energy of wells 1-TR and 2-TP, the 

figure reaches 4723 and 5017 MWh, respectively. The total electric energy potential of all the wells 

under study is 20111 MWh, which underscores the significant potential for producing eco-friendly 

electricity in the Almaty region, particularly in Zharkent. 

In our study, we focused on two regions that have almost identical energy characteristics. We 

prioritised the city of Zharkent, located in the Almaty region because it depends more on energy than 

the Mangystau region. The ratio between electricity production and consumption is 15.2 million kWh 

(output of 32.0 million kWh, consumption of 47.2 million kWh). There is an annual increase in 

consumption by an average of 1.2 million kWh. Moreover, the geothermal water temperature in the 

Zharkent reservoir is the highest recorded temperature in Kazakhstan. Therefore, we analysed a 

geothermal source (Zharkunak field, Zharkent, Almaty region) with several geothermal wells. 

Well 5539 (Table 8) has an annual productivity of 10371 MWh of electricity, significantly higher 

than the other wells. This is due to its notably higher temperature (Table 4). When considering the 

total annual electric energy of wells 1-TR and 2-TP, the figure reaches 4723 and 5017 MWh, 

respectively. The total potential electricity of all three wells is 20111 MWh, which presents a 

significant potential for producing eco-friendly electricity, especially in Zharkent. 

This article focused on two nearly identical regions regarding their energy characteristics. Our 

priority was Zharkent, located in the Almaty region, for two key reasons: the area is experiencing a 

growing electricity deficit, and the geothermal water temperature in the Zharkent reservoir is the 
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highest recorded in Kazakhstan, highlighting its significant potential for geothermal energy 

production. 

Almaty’s overall electricity deficit is 152 GWh, which is necessary for the grid to supply the 

region from other regions of the country. This deficit is compensated by highly pollutant coal thermal 

power plants [22]. The local exploitation of known geothermal fields in the Zharkent reservoir may 

yield 20,1 GWh, i.e. 13, 2% of the current deficit. 

4. Conclusions 

This study has illustrated the potential for geothermal electricity generation in Kazakhstan's 

Almaty and Mangystau regions using Organic Rankine Cycle (ORC) systems. Particularly 

noteworthy is the Zharkunak field in the Almaty region, where the geothermal resources, highlighted 

by the high-temperature wells, offer a promising alternative to conventional energy sources. Among 

these, well 5539 stands out with its remarkably high temperature, contributing significantly to local 

energy supplies with an annual output of 10.3 GWh. 

The combined electric power output from the geothermal wells studied in Zharkent reaches 20,1 

GWh annually. This capacity is not only substantial but could also play a critical role in reducing the 

region's dependence on more polluting coal-fired power plants and addressing the annual increase 

in energy consumption. 

By leveraging local geothermal resources, Kazakhstan can enhance its energy independence and 

security. This strategic move would reduce the need for energy imports, especially in energy-

deficient areas like Almaty, and offer a sustainable and environmentally friendly alternative. 

Geothermal energy, by deploying ORC systems, presents a clean, sustainable, and continuous 

electricity source, aligning with Kazakhstan's environmental goals and its commitments to reducing 

greenhouse gas emissions. This green energy solution underscores the country's potential shift 

towards more sustainable energy practices. 

Further research is encouraged to explore the scalability of ORC systems and assess their 

applicability across other potential geothermal sites within Kazakhstan. Investment in the necessary 

infrastructure and technology to effectively harness this untapped energy source would provide not 

only economic benefits but also significantly contribute to environmental conservation. 

In conclusion, the untapped geothermal resources in Kazakhstan, especially evident in the 

Almaty and Mangystau regions, represent an underutilized asset with a significant capacity to 

transform the country's energy matrix. Properly utilized, these resources could address the pressing 

challenges of energy dependency, environmental degradation, and the pursuit of economic 

sustainability. 
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Nomenclature 

h specific enthalpy 

𝜂  efficiency 

P output power 

𝑄́   thermal power 

T temperature 

𝑚̇ mass consumption of geothermal water 

ℎ𝑔 enthalpy of geothermal water at the inlet and outlet 

Wtur power of the turbine 
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