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Abstract
In this research paper, review of world geothermal energy production and their capacity is
shown. Here, a research is conducted to know the potential and possibility of geothermal energy
in India. All the geothermal province with their geographical locations are shown and a brief
calculation is conducted in order to show the potential of the particular province. As India is having
the low temperature geothermal fields, binary geothermal plants are used for this analysis and
results are calculated by using R134a as a working fluid at different temperatures. The results are
sufficient to prove the potential of geothermal energy in India.
Importance of Ground Source Heat Pump (GSHP) and power savings by its contribution
over traditional heating and cooling methods is shown statistically. 9 different states of India are
divided by their climatic condition, severe winter and moderate winter to calculate the heat demand
in those states. Also, for the cold demands these states are considered to be same as per the climatic
situation in summer. Then, comparison is done between GSHP and the traditional heating and
cooling systems. The result shows the drastic power saving by using GSHP for space heating as
well as cooling, over electric heater and air conditioner respectively.

Sammanfattning
I det här forskningsdokumentet visas en översyn av världens produktion av geotermisk
energi och deras kapacitet. Här genomförs en forskning för att veta potentialen och möjligheten
för geotermisk energi i Indien. Alla geotermiska provinser med sina geografiska platser visas och
en kort beräkning görs för att visa potentialen i den specifika provinsen. Eftersom Indien har
geotermiska fält med låg temperatur, används binära geotermiska växter för denna analys och
resultaten beräknas med R134a som arbetsfluid vid olika temperaturer. Resultaten är tillräckliga
för att bevisa potentialen för geotermisk energi i Indien.
Betydelsen av markkällans värmepump (GSHP) och energibesparingar genom dess bidrag
jämfört med traditionella värme- och kylmetoder visas statistiskt. 9 olika stater i Indien är indelade
efter klimatförhållanden, svår vinter och måttlig vinter för att beräkna värmebehovet i dessa stater.
För de kalla kraven anses dessutom dessa stater vara desamma som i klimatläget på sommaren.
Därefter görs jämförelse mellan GSHP och de traditionella värme- och kylsystemen. Resultatet
visar den drastiska energibesparingen genom att använda GSHP för rymduppvärmning såväl som
kylning, över elvärmare respektive luftkonditionering.
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1

Introduction

The world is growing day by day, demand of electricity is increasing every hour and to fulfill
these demands alternative energy sources are being developed. Research and development are
being conducted to find reliable and renewable source of energy, to reduce the carbon footprints
and creating a greener world for the future generations. As a result of research and development
many renewable energies came into existence and geothermal energy is one of them.
The geothermal energy originates under the Earth’s crust from the formation of the planet and
from radioactive decay of the materials. The geothermal gradient, which is the difference in
temperature between the core of the planet and its surface, drives a continuous conduction of
thermal energy in the form of heat from the core of the Earth. Due to high temperature and pressure
in the interior, cause some rocks to melt and solid mantle, resulting in portion of the mantle move
upward since it is lighter than the rocks. Water present on the Earth crust starts heating forming
hot water spring. For Electricity production, the temperature of the hot water spring should be
more than 45 ℃. Other than the electric power production, geothermal energy can be used for
heating/cooling buildings, domestic water heating, ventilation, drying, agricultural applications,
industrial processes and heat recovery. Earth can be considered as a heat source in winter and a
heat sink in summer. Temperature on the ground changes according to the season throughout the
year but at the depth of 10 - 20 m, temperature remains constant around whole year.
To harness this energy, geothermal power plant has been set up in various places of the world.
The total geothermal capacity in the world is 12.8 gigawatts (GW), producing an estimated 74
terawatt-hours (TWh) in 2014. [1] The top 5 countries with their installed capacity of geothermal
power plants are, USA – 3450 MW, Philippines – 1870 MW, Indonesia – 1340 MW, Mexico –
1017 MW and New Zealand – 1005 MW. [1] India do not have any active geothermal power plant
but according to the report of MNRE India (Ministry of New and Renewable Energy), the potential
of 10600 MWth /1000 MWe is present over 340 hot springs in the 10 Geothermal provinces. [2]
Other than power production, power consumption is also a bigger concern. Due to the global
warming the Earth is getting hotter with each passing year and due to that the cooling demand is
increasing. Every country intends to reduce the energy consumption and focus on developing new
renewable energy sources which can fulfill this demand. Ground Source Heat Pump (GSHP) is a
perfect option to achieve this cooling demand in the world. GSHP is capable to provide space
heating, space cooling and hot water through out the year without any interruption. [3]

1.1 Aim of the study
The main aim of this thesis is to show the potential of geothermal energy and possibility to
generate power by geothermal energy in India. Also, to prove the use of Ground Source Heat Pump
(GSHP) is more beneficial than the traditional method of heating and cooling.
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1.2 Indian Scenario
India is the second most populated country after China, the demand of electricity is also
increasing day by day as the population increases. Current total power generation capacity is
350162 MW, which includes the 65.6% by fossil fuel, and 34.2% renewable Energy.
Table 1 shows the exact figures of all the areas of power generation upto 31/01/2019 given
by Ministry of Power, India. [2]
Table 1 Generation Capacity of India

Fuel

Generated power GW
222.927
191.093
6.260
24.937
0.638
6.780
119.481
350.162

Total fossil fuels
Coal
Lignite
Gas
Oil
Nuclear
Renewable Energy Sources
Total

Percentage
power

of

generated
65.8%
54.6%
1.9%
7.2%
0.2%
1.9%
34.2%
100%

Huge amount of power is produced by thermal power plants by burning fossil fuels-coal,
natural gas and oil. However, these fossil fuels have limited stock and are going to last up to a
certain time. These fuels are neither environment friendly nor pocket friendly as, coal and oil are
imported from different countries, which makes Indian economy dependent on other countries
policies. The increase in use is concern for environmental pollution, because fossil fuel are not
environmentally friendly. Due to this situation, the use of renewable and relatively non-polluting
energy sources such as solar, wind, tidal, geothermal are encouraged by the government.
Geothermal energy is a renewable form of energy and is widely utilized alternative to fossil fuel
today. The source of geothermal energy is very vast and infinite as the heat is stored below the
surface of the Earth. From the hot water springs, geothermal energy has been used for bathing
since Paleolithic times and for space heating since ancient roman times, but it is better known for
electricity generation. [4] [5]
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2

Indian geothermal

There are more than 340 known thermal spring localities in India, province having those
thermal springs are shown in Figure 1. The temperature of these springs varies from just over 5 ℃
in excess of the mean ambient temperature (15 ℃ - 30 ℃) of the area to the boiling point of water
at the altitudes of their occurrence. In the different areas of country, a systematic groundwater
studies were carried out in which hot groundwater with 15 ℃ - 20 ℃ excess temperatures over the
mean ambient values have been recorded. High bottom hole temperatures (140 ℃ - 200 ℃) have
also been recorded in the drill holes in some of the sedimentary basins explored for hydrocarbon
prospects [6]. On the basis of available data, ten well defined geothermal provinces could be
recognized in India, considering their geographical location; geotectonic setting and geothermal
characteristics. All the bellow data is taken from the official website of Ministry of Power, India
[7].
1. Himalayan Geothermal Province.
Due to collision between Indian and Asian crustal plates, the Himalayan Mountains were
formed. Large number of thermal springs occur in this province, many of which show boiling point
temperatures at the elevation of their respective occurrences. Puga and Chumathang areas are
examples of this type of incident with temperature gradients in excess of 100 ℃/km and heat flow
in excess of 200 mW/m2. Most of the hot springs are located between the Main Central Thrust
(MCT) and the Central Himalayan Axis. Parbati valley, Satluj valley and Alaknanda valley are the
basic examples of hot springs having temperature gradient 60±20 °C/km and 130±30 mW/m2
heat flow values. The foothill Himalayan belt have low temperature gradients of 17° ± 5 °C/km
and low heat flow values of 41±10 mW/m2 . [8]
2. Naga Lushai Geothermal Province.
Naga-Lushai hill ranges bordering Burma, in northeastern India, hot springs recorded here are
similar to those recorded in foothills of northwestern Himalayas. Not much detailed work has been
carried out in these areas.
3. Andaman-Nicobar Islands Geothermal Province.
The recent volcanism was recorded in Barren and Narcondam Islands of Andaman-Nicobar
arc, which constitutes geothermal province. This province is considered to be northern
continuation of the Indonasian geothermal system and can be potential sites for the geothermal
energy extraction.
4. West Coast Geothermal Province.
The thermal springs along west coast of Maharashtra is a part of geothermal belt formed by
series of thermal springs in this area. This is one of the continuous belts (300 km × 20 km) in
India, which has been systematically explored. The area exhibits high gravity, recent seismicity,
Tertiary down faulting, temperature gradients of the order of 55° ± 5 °C/km and heat flow values
in the range of 130 ± 10 mW/m2 .
7

Figure 1 Geothermal Map of India; 1. Himalayan geothermal province, 2. Naga Lushai Geothermal Province, 3. Andaman-Nicobar
Islands Geothermal Province, 4. West Coast Geothermal Province, 5. Cambay graben geothermal province, 6. Aravalli geothermal
province, 7. Son-Narmada-Tapi geothermal province, 8. Godavari & Mahanadi geothermal province, 9. South Indian cratonic
geothermal province.
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5. Cambay Graben Geothermal Province
Cambay garben geothermal province contains oil and gas deposits and is 200 km long and 50
km wide. The high bottom hole temperature 100-145 °C have been recorded in the oil wells from
depth range of 1.7 m to 1.9 km, moderate temperature gradient 40° ± 15 °C/km and heat flow of
75 ± 5 mW/m2 . In the oil wells from depths ranging between 1500 m to 3400 m, steam blowouts
have been recorded.
6. Aravalli Geothermal Province
Thermal wells are known to occur in the parts of Rajasthan and Haryana along the northeastsouthwest ridges. Most of these ridges are fault bound with the evidences of geotectonic activity.
The temperature gradient of 41± 10 °C/km and heat flow of 100± 25 mW/m2 have been
observed.
7. Son-Narmada-Tapi Geothermal Province
Son-Narmada-tapi lineament zone is a fault bound mega lineament belt in central India, with
a large number of hot spring manifestations. Temperature gradients in the range of
40 to 120 °C/km have been recorded at a number of places with heat flow values ranging between
70 to 300 mW/m2
8. Godavari & Mahanadi Geothermal Province
Both these valleys are fault bound and with high seismicity is recorded in Godavari valley.
Moderate temperature gradient 39± 10 °C/km and heat flow 80± 21 mW/m2 have been recorded
in the Godavari valley.

9. South Indian Cratonic Geothermal Province.
Isolated warm springs are known in south Indian craton, but they are yet to be systematically
studied and explored.
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3

Geothermal Technology

3.1 Geothermal Power generation
To generate power, high temperature resources are required and that can be easily available
under the Earth’s crust. With the help of borehole, heat from the aquifers can be brought to the
surface of the Earth. The heat can also carried out to the surface by magma conduits, hot water
springs, hydrothermal circulation and drilled water or by combination of any of these. A hot water
spring is the natural circulation, where the Earth’s crust is thin magma conduits, which bring the
heat to the surface in the form of hot springs. A well is drilled into a hot aquifer in case hot spring
is not available, away from the tectonic plate boundaries. In most of the countries the geothermal
gradient is 25 ℃ - 30 °C per kilometer, so for the electricity generation wells should be several
kilometers deep. Two boreholes are done into the production site and high-pressure water or
explosives fracture the rock. Then by pumping water or liquefied carbon dioxide down one
borehole, and it comes up the other borehole as a gas. [9] This approach is known as hot dry rock
geothermal energy in Europe and enhanced geothermal systems in North America. With this
approach, much greater potential can be available as compared to the conventional tapping of
natural aquifers.
Currently, the geothermal wells are rarely more than 3 km deep. The deepest research well
in the whole world, the Kola superdeep borehole (KSDB-3), is 12.261 km deep. [10] Drilling
borehole is the costliest part in the geothermal power system so, various analysis are carried out
before taking decision of drilling.
The geothermal power plants are of three types:
 Dry-Steam Power Plants
 Flash Steam Power Plants
 Binary Cycle Power Plants

3.1.1 Dry Steam Power Plant
Dry steam power plant is the oldest type of geothermal power plant. This type of plant,
first time constructed at Lardarello, Italy in 1904. [11] Dry steam power plant uses only direct
geothermal steam, which is not mixed with water to drive the turbine. As shown in Figure 2,
production holes are drilled where dry steam is observed, holes are drilled up to the aquifer. The
temperature of the pressurized steam is 180 ℃ - 350 °C which reaches the surface of the Earth due
to high pressure and drives the turbine.
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Figure 2 Dry steam turbine. [12]

3.1.2 Flash Steam Power Plant
Flash steam power plant are the most common power plant. Hot water from the reservoir
with the temperature of around 360 °F(182 °C) is released at very high pressure and gradually the
pressure is dropped and steam is formed of the hot liquid, which is shown in Figure 3. Then the
generated steam drives the turbines, generating power. To produce even more energy, if any liquid
remains in the tank then it can be flashed again in the second tank, this process is called dual flash
system. Dual Flash System is 20% to 30% more efficient as compared to Single Flash System.

Figure 3 (a) Single flash steam turbine, (b) dual flash steam turbine [12]
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3.1.3 Binary Steam Power Plant
Geothermal plants converts thermal energy to mechanical energy and finally to electrical
energy. Figure 4 shows the binary power plant, which also uses the thermal energy of the Earth but
with the use of the binary working fluid. The second working fluid, which would be used in the
process, have much lower boiling point as compared to the water. This system can be even operated
at the lower temperatures of 57 °C. [12] The working fluid and the geothermal fluid would pass
through the heat exchanger, where the working fluid having low boiling point converts to steam
and rotates turbine, producing power. The cooled geothermal fluid is released into the another bore
hole so that new cycle can began.

Figure 4 Binary Cycle Turbine [12]

3.2 Geothermal for heating and cooling
The heat available beneath earth can be use directly for heating and cooling of buildings. A
geothermal province with temperature up to 100 ℃ can be used for district heating and cooling.
The process for utilizing this heat is similar to that of power generation, digging a borehole and
then using it directly for district heating using distribution pumps and other accessories. But if
there is no geothermal reservoir then it is not possible to provide heating or cooling, so to overcome
this disadvantage, Ground Source Heat Pumps (GSHP) can be used. The GSHP do not need any
hot water spring or an active volcano near the residential building, to work efficiently. The Earth
can be considered as heat source in winter, to provide heat to the building and as a heat sink in
summer, when cooling is required in the building. Throughout the year, temperature at 10 m under
the Earth is constant that is 12 ℃ - 15 ℃. To harness this energy heat pumps are used, and it is
known as Ground Source Heat Pumps. GSHPs are considered 380% more efficient than the
conventional methods of heating and cooling, 75% renewable and they can be 100% reliable. [13]
According to the report published in the Renewable Global Status 2015 report [1], the installed
capacity of GSHP in the world is 52.7 GW up to the year 2013. The leading countries using this
technology are USA, Sweden, Germany, Switzerland, Canada, Japan and China. [14]
Generally, there are three basic types of GSHP, Closed loop, Open loop and free cooling.
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3.2.1 Closed Loop
The closed loop system consists of a loop of High-Density Polyethylene (HDPE) pipes, which
is buried at the depth of 1-2 m under the surface of the Earth, horizontally. A liquid of low boiling
point is circulated in the pipe, which acts as heat exchanger in the process. Usually, refrigerants
are used in place of water for better efficiency. Vertical borehole of around 30 m deep can be dig
for this purpose if, the location does not have enough space for horizontal loop of pipe.

3.2.2 Open Loop
Open loop system uses water as the working fluid in this process. A production well of an
average 150 m is drilled and water as a working fluid is used. Water reaches to the heat pump from
production well, where the exchange of temperature takes place and the cooled down water is
injected to the other bore hole, which is away from the production well.

3.2.3 Free Cooling
Earth surface water reservoir like lakes, can also be used for space heating and cooling. As
the temperature of water in any lake below 50 m is usually around 5 ℃ - 7 ℃. The density of water
at 3.98 ℃ is more so the temperature in lake can be found 5 ℃. Lakes have constant temperature
as compared to river because; lakes are less affected by the weather. Water can reject maximum
heat as compared to any other liquid used for heat transfer applications. If there is a deep lake near
to the load, then with the help of open loop system water from the lake can be used for space
cooling directly. This system is very economical as the high cost of digging is eliminated. The
only disadvantage of this is, there should be a Earth surface water reservoir near the load, which
is not possible in India at all the locations.
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4
4.1

Analysis
For Power Generation

For efficient power generation, temperature of the geothermal water should be at least 80 ℃.
It is possible to generate power at 45 ℃ but it will not be efficient so, minimum 80 ℃ is considered
in this case. In most of the geothermal province of India the geothermal water temperature is below
80 ℃ and only few provinces have 80-120 ℃, which can be used for power generation. The flash
steam turbine system and the dry steam system cannot be used because minimum temperature of
the geothermal water should not be less than 200 ℃ so, binary cycle power plant is the best option
for the countries like India, where temperature is below 200 ℃. In binary cycle power plant mostly,
Organic Rankine Cycle (ORC) is used to get more power output. The schematic diagram and T-S
diagram of binary cycle with ORC is shown in Figure 5. The ORC consists of basic components
like turbine, condenser, refrigerant pump and an evaporator. The cycle starts with the generated
high-pressure vapor in evaporator (state 1) flows down to the turbine and the work done is the
power produced. As the vapor expands in the turbine pressure reduces and flows down to the
condenser (state 2) where, the low-pressure vapor is converted to liquid with cooling water. The
low-pressure, low temperature working fluid available at condenser outlet (state 4) is then pumped
to the evaporator (state 5) where it is heated and converted into vapor with the geothermal water.

Figure 5 (a) T-S Diagram and (b) Schematic Diagram of Binary Cycle power plant [15]

The energy and exergy analysis of the ORC is calculated with the working fluid R-134a.
The efficiency of the geothermal plant depends on the selection of cycle and the working fluid
used in the cycle. The internal irreversibility and the pressure drops are ignored while calculating
thermodynamic properties in evaporator, condenser and pipes. For exergy analysis, the reference
temperature is considered as 25 ℃ and at different temperatures of geothermal water, calculations
are done. The assumptions are shown in the table below. [15]
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Table 2 Assumptions for the calculations

Temperature of geothermal water, ℃
Temperature of cooling water, ℃
Mass flow rate of geothermal water, kg/s
Isentropic efficiencies of turbine
Isentropic efficiencies of pump
Generator efficiency

80, 85, 90, 95, 100
20
1
0.8
0.75
0.96

Evaporator
̇Qh = ṁr (h1 − h5 )
h −h
İh = T0 ṁr [(s1 − s5 ) − 1 5 ]

(1)
(2)

TH

Turbine
Ẇt = ṁr (h1 − h2s )ηgt ηst

(3)

Condenser
Q̇c = ṁ r (h2 − h4 )
h −h
Iċ = T0 ṁr [(s4 − s2 ) − 4 2 ]

(4)
(5)

TL

Refrigerant pump:
̇ = ṁ r (h5 − h4 ) Or Wrp
̇ = (Vf1 + Vf2 )/2(P1 − P2 )10000/1000
Wrp

(6)

Energy Efficiency:
̇ )⁄Qḣ
ηI = (Ẇ t − Wrp

(7)

Exergy Efficiency:
ηII = ηI ⁄(1 − T0 ⁄TH )

(8)

Max theoretical power
Ẇmax = ṁw,h Cp,w (t h,wi − t 0 )(1 − T0 ⁄Th,wi )

(9)

4.2 For Space heating and Cooling
India is a vast country in land area so, the climatic condition varies from region to region. In
this system, closed loop GSHP is considered for calculation. In northern part of India, winter days
are more as compared to the other parts, starting from November to February, on an average 60
15

days. While, summer days on an average, are of 90 days in almost all the parts of the country. The
states, which are close to the Himalayas, have severe winter with around 60 days like, Jammu &
Kashmir, Himachal Pradesh, Uttarakhand, Punjab and Uttar Pradesh, which is shown in blue color
in Figure 6. The states in central India have moderate winter days on an average 45 days, which are
shown in orange color in Figure 6. These states are Rajasthan, Gujarat, Madhya Pradesh and
Maharashtra. The calculation is carried is not exact but an overview of the Indian society.
Population is taken according to the census 2011 and from that, no. of family members is
considered 4. The total percentage of family, using Electric Heater or Air Conditioner is assumed
to be, 5%, 12% and 50%. The electric heater is of 1 kW, which is 100% efficient and are used for
5 hours a day. The air conditioner of 1 Ton is having power rating of 1.34 kW, which is also
assumed to be operated for 5 hours. COP (Coefficient of Performance) of the GSHP depends on
the type of technology used for the pump but for this analysis, 3 different values will be taken in
consideration, 3, 4 and 5. [16]
Heat demand in severe winter
population

= household size × % family × 1 × 5 × 60

(10)

GSHP power consumption in severe winter states
= (Heat Demand)/(COP of GSHP)

(11)

Heat demand in moderate cold states
=

population
household size

× % family × 1 × 5 × 45

(12)

GSHP power consumption in moderate cold states will be calculated similar to the eq. 11
Cooling demand in summer
population

= household size × % family × 1.34 × 5 × 90

(13)

GSHP power consumption in summer
= (Cooling Demand)/(COP of GSHP)

(14)
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Figure 6 States of India considered for space heating and cooling
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5

Result and discussion

5.1 For Power Generation
As shown in Table 3 for different temperature the power output is also different by using the
working fluid R134a. This result shows, as the temperature of geothermal water increases the
power output also increases. The Himalayan geothermal province has the temperature gradient of
100 ℃/km, with this result there is possibility of producing power around 9.71 kW/kg/s by
considering the working fluid temperature would be 95 ℃. For Cambay garben geothermal
province temperature of geothermal water ranges from 100 ℃ - 145 ℃, by considering working
fluid temperature at 100 ℃ the power output will be 11.79 kW/kg/s. The Son-Narmada-Tapi
geothermal province has huge amount of hot springs with the range of temperature 40 ℃ - 120 ℃,
we can consider the working fluid temperature can be 85 ℃, which will produce power of 5.05
kW/kg/s. All the other geothermal province has low temperature gradient, which cannot be used
for generating power. Only these 3 provinces have the enough temperature to produce power, rest
of the other can be used for geothermal district heating and cooling.
Table 3 Power produced by geothermal powerplant

Temperature
of working
fluid (℃)
80
85
90
95
100

Actual power produced
(kW/kg/s)

Energy efficiency

Exergy efficiency

2.36
5.05
7.36
9.71
11.79

1%
2%
3%
4%
5%

5%
12%
23%
31%
38%

The West coast geothermal province has the temperature gradient 55 ℃ ± 5 ℃/km, which
means if the geothermal bore hole is dig up to 2 km then the temperature can be around 100 ℃
that makes it suitable for power production. Similarly, the Aravalli geothermal province has
temperature gradient 41 ℃ ± 10 ℃/km so by digging it to couple of km, the temperature can be
around 80 ℃. As compared to Iceland, India do not have high temperature geothermal fields so,
to get higher temperature in India, bore holes should be dig more deep. The possibility of digging
borehole depends on the geographical location, in all the cases it is not possible to dig more than
1 km. The most expensive part in this system is digging hole so, the overall cost of the system
increases severely if the borehole is dig deep. A proper analysis is done before digging hole, proper
areas are identified that from where the geothermal field is nearer. This process is similar to the
process of digging oil well, two – three location are dig and checked if it is successful or not. The
future work of this study is overall cost estimation of this process of power generation and to
suggest the possible ways to reduce the cost of this system.

5.2 For Space Heating and Cooling
The comparison of traditional electric heater with GSHP is shown in Table 4. Power
consumed in winter to fulfill heat demand by electric heater used by 5% of total families in the 9
states is from 25.7 – 749.2 GW for a year. Power consumed by GSHP having COP = 3, was just
1/3 of the power used by electric heater, saving power 17.15 – 499.5 GW making it more
18

Table 4 Heat demand and power used by GSHP in winter.

(Severe
Sr.
Populatio
winter)
No
n (million)
State
Families
1 JK
12.54
2 HP
6.86
3 UT
10.08
4 PU
27.74
5 UP
199.81
Moderate Winter
6 RJ
68.54
7 GJ
60.43
8 MP
72.62
9 MH
112.37

Heat Demand (GW)

Power used by GSHP
(GW) (COP = 3)

5%
12%
50%
47 112.8 470.2
25.7
61.7 257.2
37.8
90.7
378
104 249.6 1040.2
749.2 1798.2 7492.8

5%
12%
50%
15.6
37.6 156.7
8.5
20.5
85.7
12.6
30.2
126
34.6
83.2 346.7
249.7 599.4 2497.6

192.7
169.9
204.2
316

64.2
56.6
68
105.3

462.6
407.9
490.1
758.4

1927.6
1699.5
2042.4
3160.4

Power used by GSHP
(GW) (COP = 4)

Power used by GSHP
(GW) (COP = 5)

5%
12%
50%
5% 12%
50%
11.7 28.2 117.5
9.4 22.5
94
6.4 15.4
64.3
5.1 12.3
51.4
9.4 22.6
94.5
7.5 18.1
75.6
26 62.4
260 20.8 49.9
208
187.3 449.5 1873.2 149.8 359.6 1498.5

154.2 642.5
135.9 566.5
163.3 680.8
252.8 1053.4

48.1
42.4
51
79

115.6
101.9
122.5
189.6

481.9
424.8
510.6
790.1

38.5 92.5
33.9 81.5
40.8
98
63.2 151.6

385.5
339.9
408.4
632

efficient and more environment friendly. For 12% of family power consumed by the electric heater
is 61.7 – 1798.2 GW and power saved by GSHP is 41.1 - 1198.8 GW. Similarly, for the 50% of
total families the power consumption by electric heater is 257.2 – 7492.8 GW and the GSHP save
power 171.5 – 4995.2 GW. As the COP of GSHP increased, the power saving is also increased but
the cost of the system is also increased. With COP = 4, power saved by GSHP for 5% families is
19.2 - 561.9 GW, which is more than the COP = 3 savings. For 12% families power saved by
GSHP is 46.3 – 1348.7 GW. For the 50% family using electric heater can save 192.9 – 5619.6 GW
of energy by using GSHP. If the GSHP is used with COP = 5, then the power savings with GSHP
for 5% families is 20.5 – 599.4 GW, for 12% families 49.3 – 1438.5 GW and for 50% families
205.8 – 5994.3 GW. To understand the power savings more precisely, Figure 7 can be observed as
it shows the clear comparison of power consumption by EH and different GSHPs. The main
disadvantage of the GSHP is the cost of this system, it is expensive than a EH and Air Source Heat
Pump (ASHP). For heat loads Air Source Heat Pumps (ASHP) are also used but difference
between ASHP and GSHP is the constant source of heat. GSHP has the uninterrupted source of
heat while, ASHP do not have efficient source of heat so, GSHP is preferable over ASHP.

Heat demand for 5 % families
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0
1

2

3

4

5

6

7

Power used by EH (GW)

Power used by GSHP (COP = 3) (GW)

Power used by GSHP (COP = 4) (GW)

Power used by GSHP (COP = 5) (GW)

Figure 7 Comparison of EH and GSHP of COP = 3, COP = 4, COP = 5
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Table 5 Cooling demand and power used by GSHP in summer

Populati
Sr.
State on (in
No.
million)
1 JK
2 HP
3 UT
4 PU
5 UP
6 RJ
7 GJ
8 MP
9 MH

12.54
6.86
10.08
27.74
199.81
68.54
60.43
72.62
112.37

Cooling Demand
5%
94.5
51.7
75.9
209
1506
516.6
455.4
547.3
846.9

12%
226.8
124
182.3
501.8
3614.5
1239.8
1093.1
1313.6
2032.7

50%
945.2
517
759.7
2090.9
15060.8
5166.2
4554.9
5473.7
8469.8

Power used by GSHP Power used by GSHP Power used by GSHP
(GW) (COP = 3)
(GW) (COP = 4)
(GW) (COP = 5)
5%
12%
50% 5% 12%
50% 5% 12%
50%
31.5
75.6
315 23.6 56.7 236.3 18.9 45.3
189
17.2
41.3 172.3 129
31 129.2 10.3 24.8 103.4
25.3
60.7 253.2 18.9 45.5 189.9 15.1 36.4 151.9
69.6 167.2 696.9 52.2 125.4 522.7 41.8 100.3 418.15
502 1204.8 5020.2 377 903.6 3765.1 301 722.9 3012.1
172.2 413.2
1722 129 309.9 1291.5 103 247.9 1033.2
151.8 364.3 1518.3 114 273.2 1138.7 91.1 218.6 910.9
182.4 437.8 1824.5 137 328.4 1368.4 109 262.7 1098.7
282.3 677.5 2823.2 212 508.1 2117.4 169 406.5 1693.9
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Figure 8 Comparison of AC and GSHP of COP = 3, COP = 4, COP = 5

Summer days in India are longer as compared to the winter days, where winter days are around
60 days and summer days are about 90 days. The detailed result of power consumption by air
conditioners in summer, GSHP replacing them and power savings can be seen in the Table 5. The
minimum total power saved in all the 9 states by using this system is 2869 GW for 5% families
and COP = 3. The COP of system will vary because all the families will not be using the same so,
with COP = 4 the minimum power saved for 5% of families is 3228 GW. Also, for COP = 5 and
5% families the minimum saving is 3443 GW per year which can be seen in Figure 8. With the
gradual increase in COP value the savings also increases, making this system more efficient and
reliable. There are even more chances of saving energy by hybrid use of different technology like
with the use of solar energy and geothermal energy. Also, an innovative research of dual source
heat pump can fulfill the demand of heating, cooling and hot water.
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Conclusion

In this research paper a study on geothermal energy, technology used, and calculation of
power is carried out. Also, a detailed study on type of GSHP and calculation for energy
consumption due to heating and cooling demand in the country is done. After the successful study,
it is clear that there is possibility of power generation in Indian geothermal provinces. Due to low
temperature fields the power produced is not very high, but it is enough to reduce at least the
greenhouse gases effect by traditional fossil fuel power plants. This also says that energy and
exergy efficiency depend on the temperature of the geothermal water so, if the holes are dig deeper
then the efficiency as well as power production will increase.
In the case of space heating and space cooling, Indian households should have this technology
in order to reduce the energy consumption. This study clearly shows that the minimum energy
savings are around 3 times as compared to the traditional methods. The choice of type of GSHP
depend on the location, where it is suitable to install. With this technology a huge amount of power
demand will be reduced and will make the country greener.
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Nomenclature:
cp

H
İ
K
ṁ r
mw,h
̇
mw,c
̇
P
Q̇
S
T
T
t c.wi
t c,wo
t h,wi
t h,wo
t max
t pinch
Ẇ
̇
Wmax
Vf

Specific heat at constant pressure (J/(kg
K)
Specific enthalpy (kJ/kg)
Irreversibility (kW)
Thermal conductivity (W/(m K))
Mass flowrate of working fluid (kg/s)
Mass flowrate of geothermal water (kg/s)
Mass flowrate of cooling water (kg/s)
Pressure (MPa)
Heat rate injected or rejected (kW)
Specific entropy (kJ/(kg K))
Temperature (K)
Temperature (℃)
Inlet Temperature of heat sink (℃)
Outlet temperature of heat sink (℃)
Inlet temperature of heat source (℃)
Outlet temperature of heat source (℃)
Turbine inlet temperature (℃)
Temperature difference in the pinch of
heat exchanger (℃)
Power produced (kW)
Maximum theoretical power (kW)

Greek Symbols
ηI
ηII
ηgt
ηrp
ηst
ηwp
Δ

Thermal efficiency
Exergy Efficiency
Generator Efficiency
Working fluid pump efficiency
Isentropic efficiency
Heat transfer fluid pump efficiency
Difference

c
cri
h
H
in
Isen
out
l

Subscripts
condenser
Critical
Evaporator
Heat source
Inlet of the turbine
Isentropic fluid
Outlet of the turbine
liquid

L
p
pl
r
Sub
t
tot
Tran
v
w
0
1,2,4,5

Volume of working fluid (m3 /kg)
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Heat sink
pump
plant
Refrigerant fluid
subcritical
turbine
total
transcritical
vapor
Heat transfer fluid
ambient
Inlet of turbine, condenser, pump,
evaporator respectively
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