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A B S T R A C T

The world has capitalized on numerous renewable energy resources by developing its energy infrastructure
mainly around solar, biomass, and hydro energy. However, geothermal energy has not yet been developed at a
significant scale, despite reports from 62 wells showing evidence of geothermal gradients ranging from 20.8 �C/
km to 48.7 �C/km in various areas of the world. Recent studies suggest that Bangladesh also has a huge potential
for geothermal energy. This review extensively reports on exploiting the range of geothermal temperature in
various direct and indirect energy application sectors including but not limited to the agriculture and industrial
sector of Bangladesh. Additionally, the authors have analyzed and proposed adaptable measures to harness the
abundance of geothermal energy. Furthermore, a comparative and possible solution has been discussed exten-
sively for implementing a geothermal powerplant by analyzing techno-economic costs, policies, and systems of
other countries in the world. Further, this review also shows the prospect of geothermal energy for Bangladesh as
a case study.
1. Introduction

Among numerous factors, the steady increase in energy production
has played a prominent role in global development. Research into eco-
nomics has identified a correlation that a nation's gross domestic product
(GDP) is commensurate with its ability to use energy [1]. However,
global energy demand solely depends on fossil fuels. Over-reliance on
fossil resources increases economic, societal, and environmental risks
throughout the world. Besides, the present scenario of electricity pro-
duction is unable to meet increasing demand. Hence there persisted in a
generation shortfall as seen in Figure 1 (a case study in Bangladesh),
which must be met either by importing or utilizing the available re-
sources more wisely [2]. It is seen from Figure 1 that the demand forecast
is higher than the maximum peak generation though both the two are
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increasing with time. However, according to the statistics of previous
years, the extrapolated data in the year 2020–2021 shows that there will
remain a generation gap in the upcoming years. Even the gap may in-
crease due to the rapid growth of industrialization and populations.

In this circumstance, the effective utilization of renewable energy can
create a sustainable energy future globally. Figure 1 shows that the de-
mand forecast (14683 MW) and maximum peak generation (14513 MW)
in the year 2021–21 are close to each other. Therefore, if renewable
sources like geothermal energy can be added as a potential source of
energy then the generation gap of around 500 MW can be minimized.
However, establishing power production around solar, wind, hydro, and
biomass is weather-dependent and so it is inefficient. On the other hand,
geothermal energy is not completely weather dependent, while its gen-
eration capacity is very high. Hence, the addition of geothermal energy
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Figure 1. Demand and generation gap of electricity in the perspective of Bangladesh [2, 3].
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with the conventional grid system can reduce purchasing price of energy
per unit area which eventually improves the GDP of a country [1].
Conversely, a country's development lies in its uninterrupted energy
generation with high efficiency. Therefore, to aggregate continuous
power with national energy generation using renewable resources, a
promising solution is required. In this concern, geothermal energy uti-
lization may be an option as it totally weathers independent and has the
highest availability factor than of other renewables (Figure 2) [4]. Since
the heat inside the earth's surface will not be depleted and can ensure
energy consistently at high efficiency with minimal environmental
impact.

Despite the world having significant potential geothermal resources,
limited effort has been expended towards development. Moreover, any
significant steps have not been taken to establish a framework for
exploring geothermal energy. In the case of Bangladesh, governmental
organizations such as the Ministry of Water Resources and the Ministry of
Environment have conducted a geological survey to identify the
geothermal potential. Also, one private organization, AngloMGH Energy,
has invested in developing a geothermal power plant with a capacity of
200 MW [5]. The project will generate steam power from a hydrothermal
Figure 2. Reliability of renewable energy sources [4, 5].
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basin near Salander in the district of Thakurgaon. However, this facility is
still in the planning phase.

However, geothermal energy harvesting is still in its early stages
compared to other energy sources, rendering it difficult to adopt field
investigation for evaluating these resources and their suitability. Only a
few studies have reported the potentiality of geothermal energy but have
fallen short of detailing possible applications and processes suitable for
the world [6, 7, 8]. This way it would help to fulfill the high pressure of
future energy demand as the demand for global energy is increasing
significantly [9, 10]. Thus, an extensive evaluation of potential
geothermal resources and a pathway to efficient utilization is required.

Previous research didn't show the prospects of geothermal power-
plant based on effective cost analysis, feasibility study, environmental
concerns, comprehensive proposal, and so on [8]. Therefore, this review
discusses and analyzes the potential of geothermal energy as an alter-
native energy source based on the geothermal powerplant, feasibility
concerns, and environmental impacts globally. The authors have exten-
sively reviewed the research to date on geothermal energy in the world.
However, as there is limited peer-reviewed literature regarding the po-
tential and utilization of geothermal energy, the authors have included
information from media reports, reports provided by the governmental
organizations and recognized magazines. Based on the data and aggre-
gated information, this review demonstrates a comprehensive proposal
for incorporating the abundance of geothermal energy globally into a
future renewable energy matrix. Additionally, the review also reflects on
the established methods of converting geothermal energy around the
world, to recommend effective processes of utilizing the geothermal
energy from exploration to economic extraction. Furthermore, based on
geographical status and economic condition, a comprehensive under-
standing of developing the most favorable types of geothermal power
plants for Bangladesh are discussed. However, in this review, geothermal
energy potential is discussed in section 2, technologies to convert
geothermal energy in section 3, a comprehensive proposal in section 4,
management model in section 5, geothermal plants in section 6, cost
analysis in section 7, and application in section 8. This review concluds a
much more prominent opportunity for further implementation of
geothermal-related projects. Therefore, the authors have suggested
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effective ways to move forward with the creation of geothermal energy
infrastructure along with their bounds of applicability. Also, in the wake
of fossil fuel, world will face unimaginable backlash from its people in
need of energy. Renewable energy is the most sustainable and depend-
able way to face an impending energy crisis. Incorporating geothermal
energy within the existing renewable energy sector is predicted to be
greatly effective in the long run. To generate power production from
renewable resources, this review will provide valuable guidelines for
global policymaking.

2. Geothermal energy potential

Renewable energy sources including geothermal energy can be inte-
grated into the grid to implement hybrid energy systems that will help to
mitigate the high demand for energy with low cost of energy (COE) and
net present cost (NPC) [11]. Eventually, it will reduce the overall COE
and so even the poor people can get access to electricity. Consequently,
GDP will increase for developed and developing countries like
Bangladesh. Economically, if geothermal powerplant can be set up then
more unemployed people can get opportunities for work. In rural areas,
people will also be benefitted from this source of energy by resolving
their energy demand and unemployment problems. On the other hand,
environmentally, geothermal energy is viable for Bangladesh as it gen-
erates less environmental pollution, harmful wastes, radioactive mate-
rials, decay materials, and so on.

However, geothermal energy is one of the most powerful, natural, and
renewable sources of energy globally [12]. From the slow decay of
radioactive particles in rocks, high temperatures are generated inside the
earth which is a significant source of energy [13]. In the case of devel-
oping countries like Bangladesh, renewable and conventional fuels are
Figure 3. Graphical representation of potential locations i
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significant sources of future energy [14]. Figure 3 illustrates the graph-
ical representations of different potential locations for geothermal energy
in northwest and southeast regions in Bangladesh. These potential lo-
cations are divided into 6 divisions, where the highlighted locations
represent the highest potential of each division. However, the northwest
having different geological aspects such as the hydrogeological settings,
seismicity and earthquakes, cluster of basement faults and surface ther-
mal anomalies indicate the existence of potential geothermal reservoirs
at only a depth of a few kilometers below the earth's surface. The
geothermal gradient in this region ranges from 20.8� to 48.7 �C/km [23].
Studies have shown the potential geothermal energy in Thakurgaon, due
to the presence of some thermal manifestations and related evidence of
the existence of some shallow aquifers [15]. The geothermal energy
potential of these areas was also demonstrated by the work of Mizanur
Rahman [15]. Moreover, in the Bogra shelf region, Singra-Kuchma-Bogra
is a promising and potential area [9]. The Singra well, with over 150 �C
bottom hole temperature holds the most auspicious position among the
three areas [9]. Barapukuria coal basin and the Madhyapara hard rock
mine area are two other potential zones for geothermal energy, among
which the latter was found with a temperature variation in the range of
67�–153 �C, indicating the presence of a low-temperature geothermal
reservoir in the area [16]. Moreover, it is found that the temperature at
2500 m below the earth's surface in the northwestern tip of Bangladesh,
near Salbanhat-1 well, was 79 �C and at a depth of 4,000m it increased to
110 �C [17]. Also, the GDH-65/11 well recorded 47 �C at a depth of
587m [14].

Also, the geothermal gradients at different locations in the northwest
and southeast regions are shown in Figure 4 from which a comparison
can be obtained between these two regions. The southeast region has a
geothermal gradient from 19.8� to 27 �C/km. Based on the presence of
n the northwest and southwest regions in Bangladesh.



Figure 4. Geothermal gradients at different locations in the northwest (yellow) and southeast (blue) regions of Bangladesh [9, 18, 19].
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some thermal springs, the Sitakund hilly area has become a place of in-
terest. From Figure 4, the highest gradient in the southeast is 27 �C/km in
the Semutang-1 well located in Khagrachari. In general, the geothermal
gradients in the northwest suggest more favorable conditions compared
to the southeast. The wells at Thakurgaon and Barapukuria show the
highest temperature gradients with values of 34.2 �C/km and 48.7 �C/
km, respectively.

However, the subsurface temperature distribution at different depths
leads to the feasibility analysis for energy extraction from geothermal
resources [16]. Figure 5 illustrates the subsurface temperature distribu-
tion of different areas in southeast regions [20, 21]. The depth versus
temperature is roughly linear, so the temperature according to depth can
be calculated and can be used to design a suitable energy extraction
process in these sites. For example, it is reported [21] that the temper-
ature required for the dry steam and flash steam types of power plants is
recommended to be >150 �C and for the binary cycle power plant the
required temperature can be <100 �C which is discussed further in this
Figure 5. Subsurface temperature distribution

4

study. Altogether this information supports the presence of several suit-
able geothermal sites across Bangladesh.

2.1. Favorable geothermal sites

In the case of Bangladesh, the delta system developed by two rivers,
the Ganges and the Brahmaputra is considered one of the largest deltas in
the world [22]. This delta supplies a large amount of sediment from the
Himalayas. However, Bangladesh is situated in the northeast Indian plate
closed to the edge of the Indian craton. The tectonic features of
Bangladesh are dominated by a huge geosynclinal basin and a stable
pre-Cambrian platform. It is further separated by a narrow
northeast-southeast trending hinge which is also known as Palaeo con-
tinental slope. According to Guho et al. [7], the geological map of
Bangladesh can be divided into five divisions. They are Sub-Himalayan
foredeep, Bogra slope, Folded belt, Deep Sedimentary Basin, and
Garo-Rajmahal Gap. These five divisions are further divided into
in the southeastern basin of Bangladesh.
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different subdivisions which are summarized with their special features
in Table 1 according to the temperature gradients and the ranges of
temperature at different depths. Among the different regions, the
Sub-Himalayan foredeep shows relatively low-temperature gradients
which exhibits less feasibility for geothermal energy extraction. On the
contrary, the Garo-Rajmahal gap and Rangpur Saddle show compara-
tively higher potential for energy extraction. This is because of having
included the northern slope of Rangpur Saddle with Himalayan Foredeep
[23]. Moreover, at a depth of 80 m in Thankurgaon region exhibits the
warm water up to 36 �C, which shows the potentiality for installations of
geothermal energy harnessing systems [15]. However, the high surface
temperature distributions can also lead to a drilling dept at a reasonable
cost, which shows the feasibility of implementing a geothermal power
plant. It can be seen from the regions of Bogra slope and Folded belt basin
that the subsurface temperature at a depth of 1–4 km varies within
50–150 �C which is also can be a part of geothermal resources. Though
the temperature gradients in the Folded belt are relatively lower than
Rangpur Saddle and Bogra slope this region is more favorable than the
Deep sedimentary basin regions which include Sylhet, Mymensingh,
Pabna, Barisal, Madhupur, Faridpur, and Chandpur. These regions have
less feasibility for geothermal energy extraction.

3. Demonstrated technologies to convert geothermal energy

Nature offers geothermal energy in different forms, namely, Geo-
pressured brines, magma, hot, dry rocks, hydrothermal fluid and
ambient ground heat [24]. However, the whole process in the utilization
of geothermal energy can be divided into Exploration and Extraction as
described in the following sections.

3.1. Exploration

A concept of the total life cycle of geothermal energy is illustrated in
Figure 6 [21,25].

In geothermal systems, physical parameters like temperature, pres-
sure, porosity, chemical content of fluid, and permeability are the most
Table 1. Location and temperatures recorded at the various geothermal site.

Division Subdivisions Temperature gradient

Sub-Himalayan foredeep Northern slope of
Rangpur saddle

21.1 �C–79 �C

Panchagarh districtt

Salbanhat

Rangpur saddle and the garo-
rajmahal gap

Rangpur district 35 �C–47 �C

Thakurgaon

Dinajpur district

Malda

Barapukuria

Western part of the
Rangpur saddle

Bogra slope Singra 27 �C–31.6 �C

Bogra

Kuchma

Deepsedimentary basin Madhupur 16.8–20.1 �C (Lower
temperature gradient)Pabna

Mymensingh

Chandpur high

Barisal

Faridpur trough

Sylhet

Folded Belt Sitakund-5
Bakhrabad

23.0 �C

5

important [26]. With current conventional geophysical methods, it is
challenging to measure all these parameters although measuring tem-
peratures, electrical resistivity, thermal conductivity, seismic velocity,
density, and magnetization is more easily achieved [27]. The methods
used for geothermal exploration include geochemical sampling and
analysis, geological mapping, geophysical methods, and exploration
drilling [26]. An integrated approach is used before proceeding to the
most costly and critical process which is drilling [26]. An approach
consisting of all of the above processes establishes a conceptual model of
a subsurface geothermal system. After establishing a potential location,
the following processes (Geology, Geochemistry, and Geophysics) are
generally followed.

In the geology phase, a detailed geographical map is generated
considering geothermal fluids and their surroundings, surface alteration
minerals, and tectonic features. Also, ground-water levels along with a
detailed mapping of groundwater, lakes, and springs should be con-
ducted. Samples of thermal water, gases, and steam are generally
analyzed for chemical elements (major and trace elements) and stable
isotopes (oxygen, hydrogen, carbon, and sulfur) in the geochemistry
phase.

In the geophysics phase, a range of different methods and applications
are enlisted [26, 27]. The thermal method is the direct measurement of
temperature, heat, and properties of a geothermal system. It includes
measurement of soil temperature, detailed geothermal surface mapping,
temperature measurement in 20–100 m gradients, airborne infrared, and
local heat flow surveys. The electrical method is also known as the
electrical resistivity method. Among the two-resistivity surveys, a
shallow survey is performed with central-loop transmission electron
microscopy (TEM) soundings or audio-magneto telluric (AMT) soundings
where direct-current (DC) methods can also be used, whereas the deep
survey is performed by magnetotelluric (MT) soundings. Gravity mea-
surements are used to detect a difference in density among geological
formations. Different gravitational forces result from different densities
and are measured in mGal (milligal) or 10-3 cm/s2. This method can be
used for discovering heat sources in volcanic rock. Magnetic measure-
ments locate hidden intrusions, estimate their lengths, trace buried dykes
The temperature at variable
depth (km) (1–4 km)

Comments References

2.5 �C–111 �C Relatively low thermal gradients
Barely feasible

[8, 9, 21]

45.7 �C–115 �C High surface temperatures
Reasonable drilling depth

[9, 14, 21]

52 �C–147.8 �C Potentially favorable [14, 19,
21]

39.5 �C–104 �C Loaded with cool sediment
Geothermal gradients are very low
Barely feasible

[14, 19,
21]

49 �C–118 �C Geothermal gradients relatively
low
Feasible

[19, 21]



Figure 6. Geothermal energy lifecycle [21, 22, 23, 24, 25].
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and faults, and find areas of degraded magnetization caused by thermal
activity. For measuring the distribution of sound velocity, anomalies
existing in the earth, and attenuation of the sound wave, seismic methods
are used. With this method two types of waves are generated, a P wave
that travels in a similar direction of the wave and a slower S wave that
travels perpendicular to the wave direction. A compilation of all these
features establishes a conceptual model of the geothermal system
enabling the most promising areas for production to be determined.

3.2. Extraction

Generally, energy is extracted by supplying generated hot steam to a
turbine and thus producing electricity [26, 27]. Geothermal power plants
mainly consist of three developed configurations, Binary Cycle power
plant, Dry Steam, and Flash Steam. Amongst dry steam power is the
simplest and oldest system where steam having 150 �C or more is used to
turn the turbines. For this system, two wells are needed for rising the
steam and injecting the water. Water is injected, which contacts the
high-temperature rocks and produces steam that is pumped through the
production well. The water is recycled in a closed-loop system. In flash
steam power systems, hot and highly pressurized water is pulled into a
lower pressure tank by using flash steam stations to run the turbine. This
requires temperatures of �180 �C and produces electricity in a more
efficient way than the dry steam process. In a binary cycle configuration,
the vapor is produced by transferring heat into a low boiling point
organic fluid. The advantage of this type of power plant is that it can work
at reduced temperatures [28]. The typical efficiency lies within 10–13%
[28]. It is considered as the most developed and efficient geothermal
power plant, and here the efficiency is directly proportional to the tem-
perature (up to about 180 �C). For water as fluid and reservoir temper-
ature >220 �C flash systems or combined binary and flash systems are
used. The binary cycle is favored for use when the temperature is within
100 �C–220 �C. At temperatures of 50 �C–150 �C, heating rather than
power generation is an option. However, the binary cycle can also be
used [21].
6

4. Comprehensive proposal

Global renewable energy resources are yet to achieve commercial
acceptance, hence are currently a limited substitute to conventional en-
ergy resources. Nevertheless, they can provide a reasonable supplement
to the long-term energy needs globally; ultimately improving the stan-
dard of living across the world. To date, hydro, solar, wind, biogas, and
biomass have been used for the renewable energy sectors, although
geothermal resources have had very little recognition, systemic explo-
ration, and subsequent investment [6, 7, 8, 9, 14]. The importance of
exploring safe, clean, and sustainable sources of energy is crucial, and the
government is taking various steps to promote this initiative, namely
facilitating investments across both private and public sectors in
renewable energy projects. The current policy targets a 10% contribution
from renewable resources to the total power generation by 2020 [29].
Among the objectives of these policies, the following are noteworthy:

1. Accelerating the uses of renewable energy for electricity production
and heat generation.

2. Ensuring the optimum utilization of available renewable resources
across rural, peri-urban, and urban areas.

3. Replacing conventional energy supplies through developed sustain-
able energies.

These objectives directly promote and encourage the importance of
evaluating geothermal resources and further broaden the scope of utili-
zation. At present, it is estimated that ~572.63 MW of energy (or 0.13%
of total generation) is generated from renewable resources and is
balanced between solar (59.138%), hydro (40.1661%), wind (0.5%),
biomass (0.1%) and biogas (0.06%) (Figure 1). An increasing trend in
solar projects is bolstering the contribution to total generation, but the
lack of appropriate land and limitations in delivering consistent base-
load energy constraining development in this sector. Additionally,
Bangladesh has been ranked as the lowest hydro-power producing
country in Asia, producing only about 230MW of electricity from



Figure 7. Primary energy consumption in Bangladesh by source and sector in 2019 [29, 30, 31].
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Figure 8. Sector-wise liquid fuel consumption in Bangladesh in 2018–19 [32].
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hydroelectric power plants [30]. From Figure 7 the flow of energy pro-
duction and utilization highlights a supply and demand scenario. Only a
fraction of energy (572.63 MW) is produced utilizing renewable re-
sources, which is around 0.13% of the total 17,764 MW production ca-
pacity [31]. Furthermore, it is evident from Figure 7 that Bangladesh
largely depends on liquid fuel in its total energy generation, most of
which is imported. Every year it imports about 1.36 million and 6.7
million metric tons of crude oil and refined petroleum products respec-
tively. Although the major portion of its use is in transportation a
considerable percentage is used across agriculture (24%) and industrial
purposes (17%) as is illustrated in Figure 8 [32]. Transport is funda-
mental because it allows people to communicate, trade, and engage in
other forms of exchange, which helps to develop civilizations. Further-
more, transportation is essential to economic development and global-
ization. Bangladesh, as a developing nation, seized this transportation
7
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opportunity quickly. As a result, transportation consumes a significant
portion of the fuel. Bangladesh's primary energy sources are oil, gas, and
coal. It is critical to secure primary energy sources to ensure power
generation. Bangladesh's overall electricity demand in 2021 will be
around 20,000 MW. To attain such a goal, relevant sectors must be
assessed and stimulated by implementing short-, medium-and long-term
plans. Fuel consumption is rising as a result of increased energy gener-
ation. The huge expenses associated with energy imports, particularly for
agricultural and industrial purposes could be mitigated by adopting
geothermal energy resources. Hence there is a dire need to incorporate
the renewable energy matrix through an emerging source such as
geothermal.

Figure 9 summarizes the potential uses of extracted energy from
geothermal resources in agriculture and agro-industry sectors. In be-
tween low to an intermediate temperature (20 �C–150 �C), geothermal
energy can be utilized in a direct application that includes space heating,
heat pumps for heating and cooling, aquaculture, and various industrial
processing systems. For direct electricity and steam generation temper-
ature resources (70 �C–300 �C) are preferred. According to Bakos et al.
[33], geothermal resources play a vital role in agro-industry and agri-
cultural applications. These applications can be categorized into four
sectors including greenhouse heating, agro-industrial process, aquacul-
ture (fish and algae production) and soil heating. However, in agricul-
tural and agro-industrial processing, geothermal resources only require
low to intermediate temperature ranges, hence exploiting the waste heat
and cascading water from a geothermal power plant are feasible [34]. For
instance, drying technology is a critical process spanning many agricul-
tural sectors to ensure the availability of food with high nutrition and in
Figure 9. Geothermal advanced utilization according to the r
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avoiding wastage. In this case, using geothermal resources having low to
medium enthalpy with temperature less than 150 �C, and/or latent heat
from geothermal power plants and hot well water would be a more
cost-effective application [35, 36, 37].

As shown in Figure 10, it is evident that neighboring countries like
India, China, and Nepal are already utilizing their geothermal resources
in agriculture sectors like fish farming, drying along with industrial ap-
plications including space heating, heat pump, and in the domestic sector
for bathing and swimming.

From the analysis of global geothermal utilization under similar
temperature gradients, some plausible geothermal energy utilization
processes that can be applied to Bangladesh are presented. The uses of
geothermal energy can be categorized into direct use and indirect use. In
indirect use, geothermal energy is used to produce electricity via dry
steam, flash steam, or binary cycle power plants. For direct use, the most
promising utilization is in agricultural drying, industrial application,
aquaculture, and irrigation.

4.1. Agricultural drying

The drying of agricultural products is very important and would play
a significant role in developing countries. It avoids wastage and ensures
nutritious food year-round and during natural disasters and droughts.
The recovered waste heat from the geothermal power plant, steam or hot
water from the geothermal well can be utilized as the heating sources
[37]. Around the world, different types of agricultural products are dried
using this process. An agricultural drying plant in Nea Kessani Xanthi in
Greece uses 59 �C geothermal water to commercially dry tomatoes [10].
equired temperature [34, 38, 39, 40, 41, 42, 43, 44, 45].



Figure 10. Comparison of the utilization of geothermal energy in Asian Countries [42, 46, 47, 48, 49, 50, 51].
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Other examples of utilizing waste heat recovered from geothermal power
include chilli and garlic drying at 50 �C and 70 �C respectively. In
Thailand and the drying of pyrethrum [52], tobacco and maize in Kenya
[53].

Rice is a staple food globally so the application of this technology in
rice drying would be beneficial to any country's major agricultural sec-
tors. The application in rice drying has been developed in Kotchany,
Macedonia, and can serve as a model system for deployment. In this
plant, the drying of rice is conducted directly from hot (78 �C)
geothermal water and has a drying capacity of 10 tonnes/hour and a heat
capacity of 1360 kW [54]. Fruit drying has been developed in Mexico
with a capacity of 1 tonne of fruits per drying cycle and produces fruits
with 20%moisture content within 24 h at 60 �C [55]. Indonesia possesses
Figure 11. Direct means of geo
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the highest potential for geothermal resources in the whole world [56,
57, 58]. Geothermal energy is considered a wise option to dry several of
the crops produced in this region, such as coffee, beans, tea, rough rice,
and fishery products [59]. In the Kamojang geothermal field of West
Java, a special dryer operating at 160 �C has been established to dry
beans and grains [60].

4.2. Industrial applications

Industrial application of geothermal energy is broad reaching across
many processes like milk pasteurization, preheating and heating process,
evaporation, distillation, pealing, blanching foods, and general sterili-
zation. These industrial processes are widely used in many countries and
thermal energy utilization.
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represent an optimistic way toward further utilization of geothermal
energy [25]. Food processing industries have wide applications of pre-
heating and heating and can utilize geothermal steam and geothermal
hot water in the range of 90–150 �C [25]. In many industries like sugar
mills, mint distillation, and liquor processing, evaporation and distilla-
tion are commonly used to concentrate the products and commonly
operate at processing temperatures between 80 �C to 120 �C. Food pro-
cessing industries have a very important pre-processing step (peeling and
blanching) that requires temperatures from 77 �C to 104 �C [39]. Higher
temperature (>120 �C) applications of geothermal hot water or steam
can be used in the sterilization of food processing equipment, canning,
and bottling industries [25, 39]. Figure 11 depicts the possible direct
applications of geothermal energy.
4.3. Aquaculture

Aquaculture is a very important industry, especially for countries
where rivers and fish are their major food commodity. Geothermal hot
water is used to obtain suitable temperatures for aquaculture farming by
mixing with cooler freshwater or using heat exchangers. This application
of geothermal energy broadens aquaculture activities into cold climates
and at places where alternative heating sources are not available or are
costly [61]. It also prevents the stock from adverse weather changes,
enhances the rate of production, is generally a cheaper heating alterna-
tive, and can ultimately lead to a greater economic return [62]. The main
aquaculture species raised are illustrated in Figure 11. Geothermal
heating in aquaculture is a relatively mature technology but is rapidly
expanding in many countries like the USA, France, Iceland, Greece, and
New Zealand. Also, fish and seaweed drying are another example of a
large-scale industrial application in Iceland. In Iceland, there are almost
20 companies that are engaged in drying fish by using the hot water and
steam generated in geothermal systems [25]. Another promising industry
using geothermal energy is the drying of pet food which has a production
rate of about 500 tonnes annually [63].
Table 2. Effectiveness of indirect uses of geothermal energy, Extracted from [75].

Application Economic value Operation
time

Implementation
Cost and Logistics

Agricultural
drying

Potentially dryable 1.288
Mega Tons (Mt) of
vegetables, 3.830 Mt of
fruits and 2.594Mt of spices

12 months Low - Medium

Aquaculture
and processing

4.14 Mt 6 months
(winter
season)

Low- Medium

Industry 81,645 tons of tea, 74,699
thousand soft drinks and
cigarette, 891.424 Mt
knitwear

12 months High

Irrigation 18,820 thousand acres of
land cultivable land

8–12 months Medium - High
4.4. Irrigation

Several developed and developing countries in the world are
agriculture-based. Utilizing geothermal energy for irrigation may have
significant productivity and economic benefits. Both soil heating and soil
irrigation are two potential applications. The growing season can be
extended by soil heating, and it aids in the process of keeping the soil
temperature constant. Carrots and cabbages have been cultivated using
this technique by introducing 60 �C water through a grid of corrugated
polypropylene pipe maintaining the soil at about 20–30 �C [64, 65].
Factors affecting the soil temperature in this system are air temperature,
surface heat transfer coefficient of the soil, inlet, and outlet water tem-
peratures, depth of the pipes installed, the distance between the pipes,
and the effective thermal conductivity of the soil. Geothermal water can
also be supplied through a surface irrigation piping system that is buried
under the soil. However, when using this system, water salinity and
chemical composition must be carefully monitored to avoid damage to
the plants and soil.

5. Effective geothermal energy management model

The global world largely depends on agriculture as about 45% of the
world's population relies on it for their livelihood. In the case of
Bangladesh, the agricultural sector is a major employer (almost 63% of
the total population) and contributes about 19.6% to the national GDP
[66]. In general land under cultivation is ever increasing as is the demand
for food [67, 68]. This illustrates a trend of using the same land for
multiple crops. Across the sector, the production of potato, pumpkin,
brinjal, cucumber, cabbage, beans, tomato, radish, cauliflower, andmany
more are continuing to increase. Throughout 2018, Bangladesh produces
10
~9,744,412 tonnes of potato, with a world sixth, out of approximately
~477,419 ha of potato [69].

Again, Bangladesh is one of the world's leading inland fisheries pro-
ducers. During 2003–2004 it had produced 1,646,819 tonnes of prod-
ucts, 455,601 tonnes from the marine catch, and a total of 914,752
tonnes from aquaculture. At the end of the year, total production reached
above 2.1 million tonnes [70, 71]. FAO declared Bangladesh as the
sixth-largest aquaculture-producing country by the year 2005. In the year
2003, it had produced 856956 tonnes [70]. During the year 2003–2004,
about 43.5% of the total fish was accounted for aquaculture whereas the
inland open water fisheries contributed about 34.8% [72].

The effectiveness of the discussed the direct application of various
geothermal energy. Bangladesh is summarized in Table 2. Here, an
effective geothermal energy management model is also developed
considering the suitable conditions of Bangladesh. The direct uses of
geothermal energy which are most suitable for Bangladesh are ranked in
descending order of effectiveness in Figure 12 and suggest agricultural
drying and aquaculture are the most likely ‘best bet’ applications in the
short term. The effectiveness is ranked according to the operational time,
implementation cost, and economic values of each sector. Bangladesh is
predominantly considered as an agricultural country in which agriculture
plays an accelerating role in economic development. Peoples living in
this country, directly and indirectly, depend on it all year round. Also,
being a tropical country and having fertile soil, it offers naturally
favorable conditions for harvesting crops, vegetables, fruits, and spices.
The economic value of this sector is comparatively higher than all other
sectors and the implementation cost for geothermal energy extraction
will not be so high as nature offers favorable weather conditions already.
Again, in Bangladesh, the fisheries and the aquaculture industry lead an
important role in mitigating malnutrition and protein deficiency. Almost
60% of the total animal protein consumption comes from fish industries
[73]. This sector has also a great contribution to employment generation
and foreign exchange earnings. However, during winter the water tem-
perature in Bangladesh tends to drop below 15 �Cwhich is not supportive
for favorable production whereas for the highest production the recom-
mended optimal temperature ranges between 22 to 30 �C [73]. For this,
geothermal energy can easily be extracted for heating as the geothermal
potentials of Bangladesh support favorable conditions in this regard
which leads to a reasonable cost for implementation. Using geothermal
energy for fish drying and aquaculture will also develop the industry and
promote a renewable energy-based economy. Though the economic
value of aquaculture sectors is minor than the industrial perspective, it
costs comparatively lower than industry in terms of implementation. This
is because industrial uses need comparatively higher heating facilities
than aquaculture heating which results in drilling more depth for
acquiring suitable temperature and leads to a higher cost. In Bangladesh,
several irrigation techniques are also used such as – power pumps, tube
wells, canals, etc. Geothermal resources can be used for soil heating thus



Figure 12. Effective geothermal management model.
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maintaining constant ground temperature to increase yields. The soil
temperature is maintained at about 20–30 �C. Geothermal water can also
be used in irrigation keeping in mind the chemical composition and
salinity of the water [74]. However, the effectiveness of using geothermal
energy in other sectors is relatively the lowest in Bangladesh in terms of
cost.

6. Geothermal plants

It is well established that geothermal energy can be directly extracted
as heat in order to produce electricity incorporating the principle of a
steam power plant. Figure 13 demonstrates one such geothermal-based
electricity production pipeline. In its simplest form, heat energy is
captured using water which then, in turn, produces steam to drive a
turbine-based electricity generation system. A range of different pro-
cesses for extracting geothermal energy have been configured and are
typically tailored to the geothermal temperature gradients of the region.

As previously discussed, Bangladesh has several geothermal energy-
rich locations with the potential to develop geothermal energy. Further
analysis of the 62 exploratory wells dug in various regions of Bangladesh
has been used to classify the range of geothermal temperature gradients.
Based on this data it could be said that there are 6 divisions of Bangladesh
in which geothermal-based energy conversion plants can be effectively
Figure 13. A flow diagram of geothermal en
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and economically established. Figure 14 uses a tree map of geothermal-
rich areas in Bangladesh classified into 6 divisions. The tree map denotes
the geothermal gradient potential by area, where a larger area represents
higher geothermal potential. From Figure 14 it is evident that the
northernmost division Rangpur and Sylhet, the southernmost division
Chittagong have the most effective geothermal potential, where Tha-
kurgaon and Barapukuria of Rangpur division have the highest
geothermal gradient. From these regions, fluid with high enthalpy can be
supplied for the reservoir of a geothermal power plant. On the other
hand, Barisal and Dhaka divisions along with low-temperature gradients
compared to Rangpur and Chittagong regions. From Table 1 it is also
found that Faridpur trough, Pabna, Madhupur, Chandpur also have
relatively low-temperature gradients. These areas are not considered
suitable for developing geothermal power plants since the cost of drilling
is very high.

From the previous discussion, it is seen that there are mainly three
types of geothermal power plant which are used worldwide for energy
generation (Dry cycle, Flash steam, and Binary cycle). Flash steam can be
further divided into two process configurations, Single flash, and Double
flash. Technically the Single flash and Dry steam are similar processes
and employed when the field is dry [76]. Among all the different pro-
cesses, the Binary cycle power plant is the most developed power plant
which can operate at a lower temperature with 10–13% efficiency [76].
However, as the temperature increases, process efficiencies are improved
[21] as indicated in Figure 15. The efficiencies presented in Figure 15
were measured based on the enthalpy (h) of the reservoir's fluid of
different power plants and calculated using Eqs. (1)–(3) [76].

For Single Flash Plant,

ηact ¼8:7007 lnðhÞ � 52:335 (1)

For Double Flash Plant,

ηact ¼10:166 lnðhÞ � 61:68 (2)

For Binary Cycle Plant,

ηact ¼6:6869 lnðhÞ � 37:929 (3)

A study by Moon et al. (2014) [76] provides a result of Binary plant
which can generate electricity from water temperatures of 73 �C (306
kJ/kg). However, the combined binary-flash system can be adopted at a
ergy extraction by a power plant [Ref].



Figure 14. Tree map describing geothermal gradients in various divisions of Bangladesh.

Figure 15. Geothermal Power plant efficiency comparison concerning the
enthalpy of the reservoir fluid.
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higher temperature (above 180 �C) and using water or steam as the
reservoir fluid. On the contrary, when water reservoir fluids have tem-
peratures between 100 �C and 220 �C, a binary cycle power plant is a
better option [77]. A summary of different geothermal power plants
around the world showing process configuration and enthalpy of reser-
voir fluids is given in Table 3.

It is revealed from Table 3 that the binary cycle power plant can
operate at considerable efficiency with reservoir fluids of lower
enthalpy compared to Flash configurations. It is also worth noting that
the installed capacity (Megawatts, MWe) of current Binary cycle plants
is significantly lower than Flash-based systems (Refer to Table 3).
Based on the temperatures of Bangladesh's highest potential areas, it
suggests that the Binary cycle systems would be the most favorable
operational system for deployment. Furthermore, since the single and
double flash power plant work on relatively higher temperatures,
implementing these systems across Bangladesh's geothermal regions
would be a more costly approach due to the necessity of deeper wells.
The cost-benefit of delivering systems with a greater installed capacity
based on accessing reservoirs of higher potential enthalpy warrants
further investigation.
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7. Effective cost analysis for a establishing a geothermal plant

The cost for establishing a geothermal plant can be predicted by
analyzing the capital cost, operation and maintenance cost, and equip-
ment cost during installation, commissioning and power generation.
Each cost depends on the project requirements such as turbine, air-cooled
condenser, PEM electrolyser, water heater, and many more. Further-
more, the cost range depends on the type, well productivity, and
geothermal power plant's geothermal economic parameters.

Initially, to evaluate economic viability, the estimated capital costs
for geothermal plants are required. Because the capital cost is fixed, the
one-off costs are incurred in purchasing the land, buildings, and equip-
ment used to produce goods or render services. A geothermal power
plant's capital cost can be ranged between 1,092$ and 347,100$
(Table 4), where turbine and PEM (Polymer Electrolyte Membrane)
electrolyser cost is higher than other equipment. Hydrogen production
quantities are negligible at low current density, resulting in a very sig-
nificant capital cost per unit of hydrogen produced. For this reason, the
capital cost of the PEM electrolyser is intensive. It would be the next
concern for further research in the future. According to Table 4, the
maintenance and operational cost are ranged between 58.50 and
713,700$, in which the highest price is carried out by an air-cooled
condenser. The air-cooled condenser cost depends on ITD (Initial Tem-
perature Difference). Cost of an air-cooled condenser increase with
decreasing ITD [120]. Nevertheless, the purchase cost and specific
exergetic cost are maximum for the PEM electrolyzer. Consequently,
from Table 4, it can be concluded that PEM can be the primary concern
regarding price for further research.

However, the general and macro-economic parameters must use to
measure the geothermal plant's cost, which can be obtained from the
equation mentioned in Table 4. In economic parameters, the surface and
subsurface cost is so much higher than other parameters. Chamorro et al.
[121] mentioned that the total initial cost is partially proportional to
surface cost and subsurface costs. In terms of surface costs, the cost of unit
capital is reasonably assumed to decrease exponentially due to econo-
mies of scale with an increasing plant capacity. The unit capital also
depends on the technology used, increasing the complexity of the used



Table 3. Different types of installed geothermal plants around the world.

Type Country Plant Name Installed
Capacity
(MWe)

Reservoir
Fluid
Enthalpy
(kJ/kg)

References

Single
Flash
Type

Russia Pauzhetka 11 780 [78, 79]

Turkey Kizildere 20.4 875 [76, 79,
80, 81]

Japan Oita
(Takigami)

25 925 [80, 82]

Japan Akita (onuma) 9.5 966 [80, 82,
83]

Japan Iwate
(kakkonda)

80 992 [82, 84,
85]

Japan Miyagi
(Onikobe)

12.5 1020 [82, 83,
86, 87]

USA Utah-Roosevelt
Hot Springs
(Blundell1)

26 1062 [76, 88]

Costa
Rica

Miravalles 144 1107 [83, 89,
90]

France Bouillante 2 11 1110 [91, 92]

El
Salvador

Ahuahapan
(U1,2)

60 1115 [93, 94]

Double
Flash
Type

USA California-East
Mesa (GEM2,3)

37 697 [95, 96,
97]

Mexico Cerro Prieto
(CP-1, Unit 5)

35 742 [98, 99,
100]

USA Nevada 26 750 [101, 102]

USA California-
Heber

52 771 [95, 96]

USA Nevada 16.7 900 [103, 104,
105]

El
Salvador

Ahuahapan
(U3)

35 1091 [93, 94]

France Bouillante 1 4 1092 [42, 114]

Japan Oita
(hatchobaru)

110 1125 [80, 95,
105, 106]

New
Zealand

Reporoa
(Ohaaki)

46.7 1150 [76, 80]

Japan Mori 50 1199 [82, 107,
108]

Binary
Cycle
Power
Plant

USA Alaska (Chena
Hot Springs)

0.5 306 [76, 109]

USA Wyoming-
Casper (Rmotc-
Ghcg)

0.25 381 [110, 111]

Germany Neustadt-Glew 0.23 398 [112, 113]

USA Nevada 2.2 436 [76, 103]

Australia Altheim 1 444 [114, 115]

Australia Blumau 0.2 461 [114, 116,
117]

USA California-
Honey Lake

0.7 461 [103, 118]

China Nagqu 1 470 [80, 119]

Thailand Fang 0.3 487 [80, 114]

Germany Unter-Haching 3.36 504 [112]
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technique. The author [121] used the following equation to measure a 5
MW geothermal plant's surface cost, and claimed that geothermal energy
plant investment costs are susceptible to specific local characteristics:

�
Csurface ¼C1:expð � 0:0045 ð _W � C2ÞÞ

�
(4)

where, W ¼ Installed power capacity, MW, Csurface ¼ Surface equipment
unit cost, $/kW.
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From the estimation of the author [121], it can be seen that the cost
estimation calculated based on 5 MW power plant. According to the
Bangladesh Power Development Board [122], the average cost range of
all power plants (2–970 MW) in Bangladesh is 22 � 106 dollar to
320�106 dollar. But from the above description, it can be seen that the
cost range of a 5 MW plant is less than other plants in Bangladesh. In
2010, the Rahimafrooz group signed up a 5 MW power plant in
Bangladesh, with an estimated installation cost of 25 million [123]. The
installation cost is less than all other plants in Bangladesh. From this, it
can be said that the geothermal plant can be a promising solution for
the future. And it is essential not only for cleaner production but also
for low-cost power production. Besides from the above description, it is
suggested that further research can be focused on the techno-economic
analysis of the geothermal plant. Furthermore, exergetic cost optimi-
zation can be considered for better outcomes. Exergetic optimization of
the system is a method of reducing exergy destruction. This analysis can
provide optimal parameters to minimize exergy losses and exercise
costs.

8. Bounds of applicability

It is important that the utilisation of new/renewable resources does
not create further environmental or societal problems. For Bangladesh,
geothermal resources can be an auspicious source of energy and a new
opportunity to further increase the contribution of renewables to the
total energy conversion. However, there are some impediments in the
path of complete utilization of geothermal energy which is stated below:
8.1. Environmental concerns

8.1.1. Surface disturbance and physical effect of fluid withdrawal
Surface disturbances occur during drilling. Generally, an area covered

by a drill site range from 200-2500m2 and the well are kept to a mini-
mum by directional from a single site. Additionally, evidence of bad
landslides have been found which were connected directly to the in-
stallations of geothermal plants [127].

Again, fluid withdrawal has far-reaching effects such as affecting
surface manifestations, the disappearance of hot springs or geysers, or
transformation into fumaroles [128]. A serious disaster like lowering
groundwater labels, subsidence of land, and induced seismicity can
happen. Also, for lowering of the groundwater results in mixing the fluids
of aquifers which causes an inflow of corrosive water. Some other effects
like accelerating the growth or formation of the steam pillow, consequent
boiling, and degassing of the field will lead to major explosions killing
several people in the past [129].

8.1.2. Noise and thermal effects
Construction (e.g., drilling) and pumping/process noise can be sig-

nificant. However, established techniques exist to control this to
acceptable levels [130, 131, 132, 133, 134]. Moreover, because of the
lowering efficiency of power production, thermal effects cause energy
wastage. An excessive amount of heat coming out as steam results in
cloud formation hence causing a drastic change in the weather and
wastewater directed to the stream, rivers, or lakes may cause a biological
and ecological impact on this area.

8.1.3. Chemical pollution
Chemical pollution takes place due to the discharge of water or steam

into the environment which may contain chemicals. Heavy metals are of
particular concern, as well as hydrogen sulphide (H2S). Bangladesh has a
history of severe arsenic poisoning due to contamination of drinking
water which has not yet been fully resolved [135]. Testing wells and
altering well depths have partially solved this issue in some regions. Care
must be taken to ensure that the utilization of geothermal energy does



Table 4. Summary of cost analysis for different categories with related equations.

Categories Area of investment Cost ($) Cost range ($) Required equations

Capital cost [121, 124, 125] Turbine 56,589 1,092–347,100 � A ¼ CRF
Pn

m¼1Pm ¼ ieff ð1þ ieff Þn
ð1þ ieff Þn � 1

Xn

m¼1
Pm

Here,

Pm ¼ Cm
1

ð1þ ieff Þm

� ZT
k ¼ �CCL þ OMCL

τ

�
PECKP
KPECK

Air cooled condenser 13,650

Pump 8,970

PEM electrolyzer 347,100

Heat exchanger 18,018

Water preheater 5,460

Other equipment 1,092

Operation and maintenance cost (OM) [125] Turbine 2964 58.50–713,700

Air cooled condenser 713,700

Pump 468

PEM electrolyzer 18,135

Heat exchanger 956

Water preheater 293

Other equipment 58.50

Purchased equipment cost [121] Turbine 1066.700 20,500–6,531,300 � Based on Aspen Plus economic analysis library [121]

Air cooled condenser 257,300

Pump 168,700

PEM electrolyzer 6,531,300

Heat exchanger 339,600

Water preheater 102,700

Other equipment 20,500

Energetic and exergetic cost [125] Pump 13.58 2.246–19.68 � Specific cost of the exergy of product, cP ¼
_CP

_ExFHeat exchanger 2.246

Turbine 6.496

Air cooled condenser 4.234

PEM electrolysis 19.68

Electrolysis water preheater 5.475

Economic parameters [126] Surface cost 45.75 � 106 – � Csurface ¼ C1:expð� 0:0045 ð _W � C2ÞÞ
� COM ¼ C1:expð� 0:0025 ð _W � C2ÞÞOM cost 3755.33

Subsurface cost 45.76 � 106

Initial cost 91.52

Macro-economic [126] Fuel cost escalation rate (%) 4.5 – –

Debt interest ratio (%) 8

Electricity export rate 91.3
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not contaminate drinking water supplies with high arsenic water
extracted from different depths or regions to the well. Disposal of water
containing brines may be very risky as As and Hg may accumulate in
organisms and sediments also a high concentration of boron is also
harmful to plants thus causing direct damage to the environment. The
treatment being an option becomes considered rarely for economic
viability. Air pollution is also a problem caused due to the geothermal
gases in steam. Carbon dioxide, hydrogen sulphide, methane, mercury,
radon, ammonia, and boron are the common geothermal gases.
Hydrogen sulphide may be the greatest concern as it has an unpleasant
smell and is toxic at moderate concentrations. Geothermal gases also
have diverse effects on the biological aspects of an area.

8.1.4. Protection of natural features
The protection of natural features is a must for any region. Phenom-

ena such as geysers, silica sinter terraces and mud pools, hot springs, or
pools, to deteriorate or disappear, along with special thermophilic
vegetation such as algal mats, bacteria and thermophilic plants cause
disturbances in the natural state [128, 136, 137].

8.1.5. Policy and regulatory concerns
Few policies of the GoB declared the promotion of the use of

renewable energy resources, however, to ensure more involvement of the
renewable energy utilization, budgetary allotment should be increased as
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it tends to be low in developing countries [138]. Lack of financial re-
sources is also an impediment, and the legislative framework is not
enough to attract public, private, and foreign investment in geothermal
projects. The Government can finance the early phases such as exploi-
tation and appraisal through the right policy environment thus encour-
aging more geothermal initiatives to be in action. Developing countries
lack the right institutional framework coordination among the corre-
sponding stakeholders. These prevent the development of the imple-
mentation of these projects.

8.1.6. Technical concerns and financial concerns
Expertise in the technical field, an expert mass of policy analysts,

engineers, economic managers, and other professionals are necessary for
developing geothermal systems. Shortage of qualified personnel in the
first and basic need for a developing country. Transport systems and
communication networks, as well as infrastructure to support geothermal
systems, are insufficient. Moreover, high upfront cost often blocks the
chances of new investors getting involved in geothermal projects. The
shortage of funding discourages the investors from taking the first step,
such as the assessment of the feasibility of geothermal energy. Financing
is very important in the case of geothermal programs and challenges such
as developing models to ensure sustainability and affordability often
come in front. Financial institutions imposing infeasible conditions often
become a disincentive to potential investors.
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9. Conclusion

Geothermal energy has proven its capacity to be a reliable, clean, and
proven source of providing uninterrupted sustainable renewable energy
to societies across different economic and political backgrounds. More
than 78 countries are currently using geothermal directly or indirectly,
either for electricity production, industrial, agricultural, or domestic
applications. Although Bangladesh currently does not have any active
geothermal plants, it is considered a favorable location in Southeast Asia,
a fact that has been established throughout this study. The main con-
clusions of this study can be summarized as follows:

a) In the global world there have been analysed from every possible
aspect and have the potential to adopt sustainable and economically
feasible geothermal energy technologies.

b) The major application of geothermal energy in Asia opts towards
indirect use such as domestic water heating, heat pump, industrial
drying, food drying, aquaculture, agriculture, and space heating.
Bangladesh in its current development trend has the potential to
adopt any such technology in its urban development framework.

c) Like developed countries in the world, it is also possible to establish
any geothermal plant in developing countries as the reservoir fluid
enthalpies of the potential areas are in the good range for imple-
menting binary systems for power generation.

d) To reduce the energy crisis geothermal plants can be a promising
solution for the world in the future and essential not only for cleaner
production but also for low-cost power production. However, further
research can be focused on the techno-economic analysis of the
geothermal plant for better outcomes.

e) Despite the promise of geothermal energy as an effective alternative
to fossil fuel, political dimension, and cheap non-renewable energy, a
framework must be carefully analyzed and properly modified to
improve geothermal energy projects globally.

f) In terms of utilizing geothermal energy, drying in the agricultural
sector possesses the highest potential, and following it comes aqua-
culture and process, industrial use, and irrigation.

Currently, there is no exhaustive geothermal energy plan or legisla-
tion in Bangladesh. However, the “Energy Efficiency and Conservation
Master Plan up to 2030” has provided strong incentive research and
development of geothermal energy projects. In the absence of a strict
renewable energy policy enforcing the law, the government of
Bangladesh does not yet have any plan for the immediate adoption of
geothermal renewable energy at a national scale. Amidst the policy of the
heavily subsidized fossil fuel industry, the governmental and private
investment in the renewable energy sector has fallen far behind its de-
mand. In 2019 only 2.95% of national grid output was produced from
renewable energy. There persists a severe shortage of up-to-date infor-
mation and survey results on the geothermal potential in Bangladesh.
Most of the research was performed using secondary data collected over a
decade ago. This impacts negatively on potential foreign investment.
However, it has come to a dire need to concentrate on strong research
activities for updating the data and finding ways of harnessing this en-
ergy. Technical expertise and qualified personnel play a vital role in
developing this system. A critical mass of engineers and other profes-
sional individuals like a geologist, geographers are required for this.
However, continuing lack of professional individuals remains in our
country because of proper technical training and the absence of studies
regarding geothermal in almost all the technical institutions. Again, the
majority are dependent on grid-connected electricity. Although there are
many engineers, laboratories, technical staff, researchers but the devel-
opment of geothermal is disreputable because of lacking government
patronage, state funding, and proper knowledge. Thus, it is suggested to
take these into consideration and task each technical institute to generate
their electricity through favorable renewable energy. Moreover, essential
training and courses should be provided to promote geothermal energy
15
uses. These courses can contain the advancement of medium-low tem-
perature geothermal power generation, solar-geothermal hybrid (SGH)
power generation, geothermal integrated with combined cooling, heat-
ing, and power (CCHP) generation. Authorities should encourage to
make prototypes and help in developing pilot projects. In addition,
studies related to cost-efficient and scale improvement of geothermal
power generation can be added.
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[79] Ş. Şimşek, N. Yıldırım, A. Gülg€or, Developmental and environmental effects of the

Kızıldere geothermal power project, Turkey, Geothermics 34 (2) (2005) 234–251.
[80] G. Holdmann, The Chena Hot Springs 400kW Geothermal Power Plant, GRC

Transactions, 2007, p. 31.
[81] G. Ar, Denizli-Kizildere geothermal power-plant, Turkey, Geothermics 14 (2-3)

(1985) 429–433.

http://refhub.elsevier.com/S2405-8440(22)03124-3/sref15
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref15
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref15
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref16
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref16
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref16
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref17
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref17
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref17
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref17
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref18
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref18
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref18
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref18
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref18
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref18
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref19
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref19
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref19
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref20
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref20
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref20
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref20
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref20
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref21
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref21
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref21
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref21
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref22
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref22
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref22
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref23
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref23
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref23
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref23
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref23
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref24
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref24
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref24
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref25
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref25
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref25
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref25
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref25
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref25
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref26
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref26
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref26
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref27
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref27
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref27
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref28
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref28
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref28
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref29
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref29
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref30
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref30
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref31
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref31
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref31
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref31
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref32
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref32
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref32
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref33
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref33
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref33
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref34
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref34
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref34
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref34
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref34
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref35
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref35
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref35
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref36
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref36
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref36
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref36
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref37
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref37
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref37
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref37
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref38
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref38
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref38
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref39
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref39
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref40
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref40
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref40
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref41
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref41
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref41
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref42
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref42
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref42
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref43
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref43
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref43
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref44
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref44
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref44
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref45
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref45
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref45
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref46
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref46
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref47
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref47
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref48
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref48
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref48
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref48
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref49
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref49
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref49
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref49
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref50
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref50
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref50
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref51
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref51
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref52
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref52
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref53
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref53
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref53
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref53
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref54
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref54
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref54
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref55
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref55
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref56
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref56
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref56
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref56
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref57
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref57
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref57
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref58
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref58
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref58
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref58
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref59
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref59
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref60
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref60
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref60
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref61
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref61
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref62
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref62
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref62
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref62
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref64
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref64
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref64
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref64
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref65
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref65
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref65
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref65
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref65
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref65
https://www.nationsencyclopedia.com/economies/Asia-and-the-Pacific/Bangladesh-AGRICULTURE.html
https://www.nationsencyclopedia.com/economies/Asia-and-the-Pacific/Bangladesh-AGRICULTURE.html
https://www.nationsencyclopedia.com/economies/Asia-and-the-Pacific/Bangladesh-AGRICULTURE.html
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref67
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref67
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref67
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref68
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref68
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref69
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref69
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref70
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref70
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref70
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref72
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref72
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref72
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref72
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref73
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref73
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref73
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref74
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref74
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref74
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref74
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref75
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref76
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref76
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref76
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref77
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref77
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref77
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref78
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref78
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref78
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref79
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref79
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref79
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref79
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref79
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref79
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref80
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref80
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref81
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref81
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref81


M.T. Islam et al. Heliyon 8 (2022) e11836
[82] H. Sugino, T. Akeno, 2010 Country update for Japan, in: Proceedings World
Geothermal Congress, 2010.

[83] R. DiPippo, Geothermal Power Plants of Iceland: a Technical Survey of Existing
and Planned Installations, Southeastern Massachusetts Univ., North Dartmouth
(USA); Brown Univ, 1978.

[84] N. Arihara, A simulation study on hydrothermal system of the Kakkonda
geothermal field, in: SAVE Proc. WGC95 2, 1995, pp. 1715–1720.

[85] M. Hanano, M. Takanohashi, Review of Recent Development of the Kakkonda
Deep Reservoir, Japan, JMC Geothermal Research and Development Co., Ltd.,
Iwate, JP, 1993.

[86] B. Faybishenko, P.A. Witherspoon, J.E. Gale, Dynamics of Fluids and Transport in
Fractured Rock 162, American Geophysical Union, Washington, DC, 2005.

[87] C.N. Akasaka, S. Todaka, N. Tezuka, Twenty-six Years of Sustained Operations at
the Onikobe Geothermal Power Plant, Japan, Trans.-Geotherm. Resour. Council
(2001) 719–724.

[88] J.W.G. Lund, Karl Boyd, Tonya L Jennejohn Dan, The United States of America
country update 2010, in: Proceedings World Geothermal Congress, 2010.

[89] A. Mainieri, E. Robles, Costa Rica country update report, in: Proceedings World
Geothermal Congress, 2005.

[90] P.N. Moya, Federico Castro, Sergio Taylor Waldo, Behavior of the geothermal
reservoir at the miravalles geothermal field during 1994–2010, in: Proceedings,
Citeseer, 2011.

[91] F. Boissier, A. Desplan, P. Laplaige, France country update, in: Proceedings World
Geothermal Congress, 2010.

[92] B.J. Sanjuan, Pajot Philippe, Gwendoline Debeglia, Nicole De Michele,
Marcello Brach, Michel Dupont, François Braibant, Gilles Lasne, Eric
Dur�e Fr�ed�eric, Monitoring of the Bouillante geothermal exploitation (Guadeloupe,
French West Indies) and the impact on its immediate environment, in: Proc. World
Geothermal Congress, 2010.

[93] R. Herrera, F. Montalvo, A. Herrera, El Salvador country update, Proc. World
Geotherm. Congr. (2010) 25–30.

[94] J.A. Rodríguez, M. Monterrosa, L.S. De CV, Phased development at Ahuachap�an and
berlín geothermal fields, in: Lectures on Geothermal in Central America, 2007.

[95] A. Dagdas, Performance Analysis and Optimization of Double-Flash Geothermal
Power Plants, 2007.

[96] J.W.B. Lund, R Gordon Boyd, Tonya L Renner Joel, The United States of America
Country Update, 2005.

[97] D. Campbell, D.N. Schochet, Z. Krieger, Upgrading Ormesa, Bull. Geoth. Resour.
Counc. 33 (2004) 67–72.

[98] L.C. Guti�errez-Negrín, R. Maya-Gonz�alez, J.L. Quijano-Le�on, Current status of
geothermics in Mexico, in: Proceedings World Geothermal Congress, Bali,
Indonesia, 2010.

[99] H.G. Puente, L. Hern�andez, H2S Monitoring and emission control at the cerro
prieto geothermal field, Mexico, in: Proceedings World Geothermal Congress,
Antalya, Turkey, 2005.

[100] I. Canchola Felix, S.S. Hernandez Soria, Rehabilitation and Modernization Project
for the Unit 5 of CFE's Cerro Prieto Geothermoelectric Power Plant, 2018.

[101] J.M. Faulds, Inga Drakos, Peter Zemach Ezra, Structural assessment and 3D
geological modeling of the Brady’s geothermal area, Churchill county (Nevada,
USA): a preliminary report, in: Proceedings, Thirty-Fifth Workshop on Geothermal
Reservoir Engineering, Stanford University, Stanford, 2010.

[102] T. Ettinger, J. Brugman, Brady hot springs geothermal power plant, in: 14th New
Zealand Geothermal Workshop, 1992.

[103] K. Gawlik, C. Kutscher, Investigation of the opportunity for small-scale geothermal
power plants in the western United States, Trans. Geotherm. Resour. Council
(2000) 109–112.

[104] S.J.S. Butler, Subir K. Robertson-Tait, Ann Lovekin, James W Benoit, Dick. A case
history of numerical modeling of a fault-controlled geothermal system at
Beowawe, Nevada, in: 26th Workshop on Geothermal Reservoir Engineering,
Stanford University, Stanford, CA, 2001.

[105] R. DiPippo, Small geothermal power plants: design, performance and economics,
GHC Bull. (1999).

[106] H. Tokita, E. Lima, K. Hashimoto, A middle-term power output prediction at the
Hatchobaru field by coupling multifeed Wellbore simulator and fluid-gathering
pipeline simulator to reservoir simulator, Proc. World Geoth. Cong. (2005).

[107] M.K. Hanano, Tatsuya hishi, Yasuyuki Arai, Fumiaki Asanuma, Mikihiro and K.T.
Sato, Morihiko. Overview of production at the Mori geothermal field, Japan, in:
Proceedings World Geothermal congress, 2005.

[108] K.S. Kasai, Keiji Kimura, So-ichiro Shakunaga, Nobuhiko Obara Kosei,
Characterization of smectite scale and scale inhibition test by pH control at the
Mori geothermal power plant, Japan, Proc. World Geothermal Congress (2000).
17
[109] E. Barbier, Geothermal energy technology and current status: an overview, Renew.
Sustain. Energy Rev. 6 (1-2) (2002) 3–65.

[110] L.A. Johnson, Oil production waste stream, a source of electrical power, in: Proc.
35th Workshop on Geothermal Reservoir Engineering, Stanford University, 2010.

[111] M. Milliken, Geothermal resources at Naval petroleum reserve-3 (NPR-3),
Wyoming, in: PROCEEDINGS of Thirty-Second Workshop on Geothermal
Reservoir Engineering, Stanford University, Stanford, California, 2007.

[112] R.S. Schellschmidt, Burkhard Pester, Sandra Schulz Rüdiger, Geothermal energy
use in Germany, in: Proceedings World Geothermal congress, 2010.

[113] E. Knapek, G. Kittl, Unterhaching power plant and overall system, in: Proceedings
of the European Geothermal Congress, 2007.

[114] J.W. Lund, A. Chiasson, Examples of combined heat and power plants using
geothermal energy, in: Proceedings of the European Geothermal congress, 2007.

[115] G. Pernecker, S. Uhlig, Low enthalpy power generation with ORC-turbogenerator
the altheim project, Upper Austria, GHC Bull. (2002).

[116] H. Legmann, The Bad Blumau geothermal project: a low temperature, sustainable
and environmentally benign power plant, Geothermics 32 (4-6) (2003) 497–503.

[117] J. Goldbrunner, G.M.B.H. Ges, Austria-country update, in: Proc. World Geotherm.
Congr., Melbourne, Australia, 2015, pp. 19–25.

[118] M.D. Forsha, K.E. Nichols, Power plants for rural electrification, Renew. Energy 10
(1997) 409–416.

[119] Liu Z., Sun B.LX. Chemical Dosing System at Nagqu Geothermal, power Plant
(Tibet). 21st New Zeal Geotherm Work n.d.

[120] T.S. Kunke, Experimental Investigation of Air-Cooled Condensers, Georgia
Institute of Technology, 2017.

[121] Aspen PlusV8.4, Engineering Economic Analysis Library (Based on 01 January),
2014.

[122] Board, B.P.D., Annual Report 2018, The Directorate of Public Relations, BPDB.
[123] Rahimafrooz plans 5MW solar power plant, in: The Daily Star, Star Business Desk,

2010.
[124] A.T. Bejan, Michael J. George Moran, Thermal Design and Optimization, John

Wiley & Sons, 1995.
[125] C. Yilmaz, M. Kanoglu, A. Abusoglu, Thermoeconomic cost evaluation of hydrogen

production driven by binary geothermal power plant, Geothermics 57 (2015)
18–25.

[126] C.R.M. Chamorro, María E. Ramos, Roberto Segovia, Jos�e J. Martín, María
C. Villama~n�an, A. Miguel, World geothermal power production status: energy,
environmental and economic study of high enthalpy technologies, Energy 42 (1)
(2012) 10–18.

[127] C. Kutscher, The Status and Future of Geothermal Electric Power, National
Renewable Energy Lab., Golden, CO (US), 2000.

[128] R.B. Glover, T.M. Hunt, C.M. Severne, Impacts of development on a natural
thermal feature and their mitigation—Ohaaki Pool, New Zealand, Geothermics 29
(4–5) (2000) 509–523.

[129] T.M. Hunt, Five Lectures on Environmental Effects of Geothermal Utilization,
2001.

[130] B.S.I. Jeon, Toshimichi Yuk, Wook Sung Lee, Jun Ho, Noise Silencer for
Construction Equipment, Google Patents, 2010.

[131] E. Thalheimer, Construction noise control program and mitigation strategy at the
Central Artery/Tunnel Project, Noise Control Eng. J. 48 (5) (2000) 157–165.

[132] N.P. Kwon, Moonseo Lee, Hyun-Soo Ahn, Joseph Shin Mingyu, Construction noise
management using active noise control techniques, J. Construct. Eng. Manag. 142
(7) (2016), 04016014.

[133] R.L. Leadbetter, Sound and Vibration Damping Construction, Google Patents,
1937.

[134] T. Kobayashi, H. Ozawa, Vibration/noise Control System, Google Patents, 1996.
[135] A.H. Smith, E.O. Lingas, M. Rahman, Contamination of drinking-water by arsenic

in Bangladesh: a public health emergency, Bull. World Health Org. 78 (2000)
1093–1103.

[136] S.H. Skirnisdottir, Gudmundur O. Hj€orleifsdottir, Sigridur Marteinsson, Viggo
T. Petursdottir, Solveig K. Holst, Olle Kristjansson, Jakob K, Influence of sulfide
and temperature on species composition and community structure of hot spring
microbial mats, Appl. Environ. Microbiol. 66 (7) (2000) 2835–2841.

[137] V.T.H. Marteinsson, Sigurbj€org hobel, c�edric FV Kristmannsd�ottir, hrefna
hreggvidsson, Gudmundur Oli Kristj�ansson, Jakob K, phylogenetic diversity
analysis of subterranean hot springs in Iceland, Appl. Environ. Microbiol. 67 (9)
(2001) 4242–4248.

[138] V.N.A. Minh, Sigurj�on Gissurarson, Margeir P�alsson, P�all Gunnar, Uses of
Geothermal Energy in Food and Agriculture: Opportunities for Developing
Countries, Food and Agriculture Organization of the United Nations (FAO),
2015.

http://refhub.elsevier.com/S2405-8440(22)03124-3/sref82
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref82
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref83
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref83
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref83
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref84
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref84
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref84
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref85
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref85
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref85
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref86
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref86
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref87
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref87
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref87
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref87
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref88
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref88
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref89
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref89
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref90
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref90
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref90
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref90
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref91
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref91
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref92
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref92
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref92
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref92
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref92
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref92
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref92
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref92
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref93
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref93
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref93
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref94
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref94
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref94
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref95
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref95
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref96
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref96
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref97
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref97
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref97
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref98
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref98
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref98
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref98
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref98
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref98
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref99
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref99
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref99
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref99
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref100
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref100
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref101
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref101
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref101
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref101
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref102
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref102
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref103
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref103
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref103
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref103
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref104
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref104
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref104
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref104
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref105
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref105
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref106
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref106
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref106
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref107
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref107
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref107
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref108
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref108
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref108
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref109
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref109
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref109
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref110
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref110
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref111
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref111
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref111
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref112
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref112
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref113
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref113
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref114
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref114
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref115
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref115
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref116
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref116
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref116
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref117
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref117
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref117
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref118
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref118
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref118
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref120
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref120
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref121
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref121
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref123
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref123
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref124
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref124
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref124
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref125
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref125
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref125
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref125
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref126
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref126
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref126
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref126
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref126
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref126
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref126
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref127
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref127
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref128
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref128
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref128
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref128
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref128
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref128
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref129
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref129
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref130
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref130
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref131
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref131
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref131
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref132
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref132
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref132
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref133
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref133
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref134
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref135
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref135
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref135
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref135
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref136
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref136
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref136
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref136
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref136
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref136
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref137
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref137
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref137
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref137
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref137
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref137
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref137
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref137
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref137
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref138
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref138
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref138
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref138
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref138
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref138
http://refhub.elsevier.com/S2405-8440(22)03124-3/sref138

	Trends and prospects of geothermal energy as an alternative source of power: A comprehensive review
	1. Introduction
	2. Geothermal energy potential
	2.1. Favorable geothermal sites

	3. Demonstrated technologies to convert geothermal energy
	3.1. Exploration
	3.2. Extraction

	4. Comprehensive proposal
	4.1. Agricultural drying
	4.2. Industrial applications
	4.3. Aquaculture
	4.4. Irrigation

	5. Effective geothermal energy management model
	6. Geothermal plants
	7. Effective cost analysis for a establishing a geothermal plant
	8. Bounds of applicability
	8.1. Environmental concerns
	8.1.1. Surface disturbance and physical effect of fluid withdrawal
	8.1.2. Noise and thermal effects
	8.1.3. Chemical pollution
	8.1.4. Protection of natural features
	8.1.5. Policy and regulatory concerns
	8.1.6. Technical concerns and financial concerns


	9. Conclusion
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interest's statement
	Additional information

	Acknowledgements
	References


