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Abstract— Geothermal energy originate from the earth’s 

interior in the form or heat. Volcanoes, geysers, hot springs 

and boiling mud post are visible evidence of the great 

reservoirs of heat that lie beneath the earth. Although the 

amount of thermal energy within the earth is very large, 

useful geothermal energy is limited to certain sites as it is not 

feasible to access the extract heat from a very deep location. 

Where it is available near the surface and is relatively more 

concentrated, its extraction and use may be considered 

feasible and this sites are known as geothermal fields. 

According to US geological survey the entire heat content of 

earth crust up to a depth of 10 km above 15(degree Celsius) 

is defined as geothermal resource. This is a huge amount of 

energy, in up to supply our energy needs at current rates for 

350000 years. And this is renewable resources. 
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I. INTRODUCTION 

Geothermal energy is primarily heat energy from earths own 

interior. ‘Geo’ is a Greek word which means earth and 

‘thermal’ means heat. It is classified as renewable because the 

earth interior is and will continue in the process of cooling for 

the indefinite future. Hence, geothermal energy from the 

earth interior is almost inexhaustible as a solar or wind 

energy. 

Dry steam field is the most desirable form of 

geothermal energy. The stream is clean and easy to convert 

into electrical energy. Overall cost is less than fossil or 

nuclear power. The geysers in California (USA) are good 

examples of dry steam field. In this Steam is directed onto a 

closed water flow which on external contact becomes steam 

which is turned to move the blade o turbine. 

 
Fig. 1: Dry steam field 

Dry steam plants are already in operations in Italy, 

California, Japan and USA etc. In Japan geothermal power 

production was began at Matsukawa in1966 and at Otake in 

1967. The capacity was 20 MW and 13 MW respectively in 

1969, but later increase to about 60 MW. Japan has total 

geothermal power production of about 215 MW.   

II. ORIGIN AND DISTRIBUTION 

Geothermal energy is the heat that originates from the core of 

the earth, where temperature are about 40000c. The heat 

occurs from a combination of two sources (1) The original 

heat produce from the formation of the earth by gravitational 

collapse, and (2) The heat produce by the radioactive decay 

of various isotopes. As the thermal conductivity of the rock is 

very low. And average geothermal heat dissipation from the 

land and ocean surface is about 0.06 W/m2, which is 

negligible as compared to power decapitation for example 

solar energy. 

The core is surrounded by a region known as mantle 

which consist of a semi fluid material called the magma. The 

mantle finally covered by outer most layer know as crust and 

its average thickness is 3o km and temperature increases with 

the depth rate of 300c/km. The temperature at the base of the 

crust is about 10000c and increases slowly into the core of the 

earth. A cross section shown in the figure below. 

 
Fig. 2: Cross Section 

III. LOCATIONS 

Island is well known for its use of geothermal power 2/3 of 

its dwellings are heated internally. Some of the countries 

possessing a high capacity of the installed geothermal power 

plant are: 

 USA: capacity 1400 MW and depth of well is 1500m. 

 Philippines: capacity 665 MW and depth of well is 920m. 

 Japan: capacity 553 MW and depth of well is 1000m. 

 Chile: capacity 15 MW and depth of well is 650m. 

 EL-Salvador: capacity 95MW and depth of well is 

1000m. 

 Mexico: capacity 180 MW and depth of well is 800m. 

In India hot springs occur in NW Himalayan 

geothermal province, NE Himalayan province, Damodar 

Valley, Mahanadi Valley, Narmada Tapti araben province 

and Andaman and Nicobar geothermal province. 

Annual increase in total installed capacity of 

geothermal plant is approximately 7%. 

IV. TYPES OF RESOURCES 

Following categories of the resources have been identify: 

1) Hydro-Geothermal Energy Resources. 

2) Petro-Geothermal Energy resources. 

3) Geo pressure Resources. 

4) Magma Resources. 

5) Volcanoes  
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Hydro Thermal systems are sub classified. 

1) Dry Steam Field. 

2) Wet Steam Field. 

3) Hot Water Field. 

A. Hydro Geothermal Energy Resources 

These are the deposits of hot water steam at lesser depth. Hot 

water or steam can be extracted by means of production well. 

These systems are further sub divided into dry steam system 

and wet steam system. High temperature water and steam is 

use for the generation the electricity, otherwise it is use for 

space heating. Vapour dominated system produces steam 

with very small amount of water or with no water. The liquid 

dominated system produces a mixture f steam and hot water. 

 
Fig. 3: Hydro Geothermal Energy Resources 

The water from the rain, lacks etc. Percolates into 

the earth through the crust and fissures in the permeable rock 

to the depth of 2-15 km. The water gets heated and rises 

through fissures in the rock, though forming hot springs. The 

hot water rises because of its lower density. 

As the hot water risers in the well, its flashes into a 

mixture of about one part steam and four part of hot water. 

The Steam is separated from the water and used to run turbine 

to generate electricity. The hot water can be use direct heating 

for a desalination plant. 

1) Vapour Dominated Power Plant 

 
Fig. 4: Vapour Dominated Power Plant 

This is also known as dry steam field and most desirable form 

of geothermal energy. The geothermal fluid for these plants 

is dry steam at temperature between 1800c to 2400c. 

Steam from the production well is collected, filtered 

to remove abrasive particles and pass through the steam 

turbine to electric generator. The exhaust steam of turbine 

condensed in a direct contact condenser in which the steam is 

condensed by direct contact with cooling water. The resulting 

warm water is circulated and cooled in cooling tower and 

return to the condenser. The condensation of steam 

continuously increases the volume of cooling water. Excess 

water is injected into the reinjection well. 

In some unit surface condenser also use for remove 

of H2S. The thermal efficiency is about 15%. 

2) Liquid Dominated System 

Also called wet steam field. Wet steam field are available 20 

times more than the dry steam field in the water. They give 

wet steam-a mixture of hot water and steam under high 

pressure. The steam is separated and expand in turbine to 

generate electricity. Such a plant of capacity of 75 MW as in 

setup in Mexico. The hot water is treated for the removal of 

its minerals and then use for agricultural and municipal 

purpose. Hot water can also be used for desalination plants, 

air conditioning and refrigeration such as 100 room hotel at 

Rotorua (NZ), heating of buildings etc. The hot water itself 

reuse to generate electric power by transferring its heat to a 

secondary medium having boiling point lower than that of 

water. 

There are two type of power plant called: 

 Flashed steam system 

 Binary steam system 

In single flashed system steam is preferred for high 

temperature mixture of geothermal water and steam with low 

dissolved impurities. This is liquid dominated system. The 

mixture of water and steam are at more than 1800c. This 

flashed system is not suitable for temperature below 1800c 

and high dissolve impurities. The mixture of geothermal 

water and steam is delivered flash steam separator. The steam 

and water are separated and delivered to turbine. The turbine 

is coupled to 3 phase generator which produces the electric 

power. The discharge from the steam turbine is delivered to 

the direct contact condenser and discharge fluid is injected 

into the ground through reinjection well. 

 
Fig. 4: Single flashed system steam 

In binary steam system there are two steam separator 

used. Multistage turbine are also used. The geothermal fluid 

is pass through to steam separator. The working of double 

flashed system is same as the single flashed system. The 

second separator is the low pressure separator, the geothermal 

fluid flashed to a low pressure steam and admitted to the low 

pressure stage turbine. Hachobaru plant of capacity 50 MW 

build on the island of Kyushu in Japan of double flashed 

system. Water in low temperature is ranges is unsuitable for 

generation of power and it can be used directly for domestic 
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and industrial process heating. Hot water can also be used in 

heating an organic fluid with low boiling point and can be 

used to run a Rankine cycle. Hot brine from underground 

reservoirs circulates through a heat exchangers and is pumped 

back to the ground. In heat exchanger the brine transfer its 

heat to the organic fluid thus converting it to a superheated 

vapour that is used in standard closed Rankine cycle. 

 
Fig. 5: 

B. Petro-Geothermal Energy Resources 

This is also called as hot dry rock (HDR) geothermal 

resources. In petro geothermal resources the heat is extracted 

from the hot dry rock which is heated by magma. The 

temperature of hot dry rock at about 3 km is 1500c to 2900c 

water does not exist and only heat is available is hot dry rock. 

The cold water is injected to the cavity of hot dry 

rock through the injection well. The cavity is produce by high 

pressure injected water or by underground chemical 

explosion. Before injecting the water the production well and 

injection well are drilled the hot water and steam can be 

umped out from the production well. 

 
Fig. 6: Petro-Geothermal Energy Resources 

C. Geo-pressure Resources 

The resources are located at greater depth 3 km to 10 km with 

abnormally high pressure of water up to 1400 atm. Because 

of abnormal high pressure in deepest region, it is known as 

geo pressure resources. The water is at relatively low 

temperature and at very high pressure due to overlying 

formation of rock layer and restricted space available in the 

rock. 

Geo pressure system in Texas, the pressure are from 

680 to 980 atm. And temperature from 160 to 2000c at depth 

from 4 to 5 km. geo pressure water also having the content of 

methane gas. When the water is brought to the surface its 

pressure reduce, the methane gas is released from the 

solution. 

V. APPLICATIONS 

The main applications of geothermal energy are as follows: 

 Generation of electric power. 

 Industrial process heat. 

 Production of salt from sea. 

 Extraction manufacturing. 

 Textile industries. 

 Crop drying. 

 Gasification of coal. 

 Food processing. 

 Paper manufacturing. 

 Sewage heat treatment. 

VI. ENVIRONMENTAL EFFECTS 

Geothermal energy is not completely pollution free energy. 

At geothermal sites, the air pollution is the major problem 

because of emission of poisonous gases such as hydrogen 

sulphide, ammonia, methane, carbon dioxide etc. 

The main adverse environmental effects are noise 

pollution, thermal pollution, surface disturbance, physical 

effect (land subsidence) caused by fluid withdrawal. 

The extraction of energy from hot dry rock are 

molten magma, it is necessary to force water down borehole 

as a working fluid and returned to the surface to use in 

turbine. The environmental problem is that a large quantity of 

water is required. If the underground reservoir is highly 

permeable there is no way to how much water will need to be 

injected before a useful amount of space, or hot water is 

returned to the surface. 

Large volume of flashed steam is escaping into the 

atmosphere could cause dense fog to occur. All the 

geothermal sites, some harmful substances may escape into 

the air. These may contain ratio active material also. 

Systematic monitoring is advice able. 

Geothermal water contain dissolved solid. The 

amount of dissolved solid are in the range of 300-1500 ppm. 

Of which silica amount to some 25 to 50%. In some areas 

saline geothermal water occur. Highly saline bore water may 

be harmful. The possible solution is reinjection, disposal into 

sea through ducts and channels and also the use of evaporator 

pounds. 

VII. EXPLORATION AND DEVELOPMENT 

The development of a hydrothermal resource begins with 

exploration, to locate and confirm the existence of a reservoir 

with economically exploitable temperature, volume and 

accessibility. Most known reservoir were discovered from 

surface manifestation such as hot springs. Efforts are on to 

develop procedures for forecasting geothermal reservoir 

performance. The procedure under study include (I) the rate 

of upward heat flow in ground, (II) chemical composition of 

surface and ground water, (III) electrical resistivity of ground 

a varying depth, (IV) seismic measurement. 

Exploratory drilling and production testing is then 

use to establish reservoir properties. Deep-drilled survey well 
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commonly reach depth of 6 km, and the technology is 

available to drill to 15 km. drilling technology use for 

geothermal development is historically derive from the 

petroleum industry. The causes excessive were of drill bit. 

The drilling mud used to lubricate and cool the drill bit 

deteriorates rapidly at temperature above about 1750c. 

Geothermal field generally lend themselves to 

staged development. To begin with, a modestly sized plant 

can be installed at an early stage of field assessment based of 

available information. The operation of this plant would 

provide more information about the reservoir. The operation 

of this plant would provide more information about the 

reservoir which can lead the installation of future stages. 

Other type of geothermal resources have special 

requirement in the exploration phase. Drilling technology 

requirements and cost increase as the geothermal 

environment become hotter, deeper and more abrasive to 

drill. Recovery of geo pressured energy requires drilling of 

deep well in very hard rock and creation of small artificial 

reservoir. 

VIII. ENVIRONMENTAL CONSIDERATION 

Hydrothermal resources contain some non-condensable 

gases, mainly CO2 and small amount of H2S, ammonia, 

methane etc., which appear in turbine exhaust. The emission 

of CO2 is significantly less than that from any fossil-fuel plant 

with the same output. H2S is a noxious gas and has the smell 

of rotten eggs. In the past, non-condensable gases have been 

released to the atmosphere where H2S is gradually destroyed 

by oxidation. However, the product are oxides of sulphur 

which can themselves be harmful, if they accumulate at 

appreciable concentration. Plans are therefore underway 

remove most of the hydrogen sulphide from the gases before 

they are discharge. In fact, lake country dry steam plant is 

reported to be incompliance with all of California’s air quality 

regulation. Thus, geothermal energy tends to be quite clean. 

Geothermal steam may also contain boron, arsenic, 

mercury and other potentially poisonous elements, which are 

found in condensate. This can contaminate the ground water 

and poison fish and other aquatic life, if not dispose of safely. 

The reinjection of excess condensate deep into the ground 

solves the problem of its safe disposal. In wet steam field, the 

mineral and salt content of hot water (brine) can be as high as 

20-30% dissolved solids. This poses liquid-waste disposal 

problems. Also, withdrawal of large amount of steam (or 

water) from hydrothermal resources may result in surface 

subsidence. This problem can also be deal with by reinjection 

of used water deep into the ground. This also increases the 

useful life of reservoir. A binary power plant, where 

geothermal energy flows through a closed loop and the whole 

quantity is again injected into the ground in most benign with 

almost zero pollutant. Semi electric plant of any type 

discharge must of the heat in the turbine exhaust to the 

atmosphere. Because of the low thermal efficiency in case of 

hydrothermal plants, a much larger proportion of heat 

supplied is discharged to the atmosphere as compared to 

fossil fuels on nuclear plant. 

IX. GEOTHERMAL PROVINCES IN INDIA 

Since majority of resources available in ruler India, these 

springs can support small-scale industries in such areas. And 

that will leads the development of those areas. Alternatively 

these provinces helpful in promoting the industrial as well as 

tourism sector of India. Industrial sector is promoted by 

producing non-conventional energies that maintain the 

ecological balance of the environment and helpful in 

conserving the natural resources like petroleum, coal, wood 

etc. and tourism sector is also promoted by geological 

topographies of India. For example hot springs are the major 

examples of people attraction in winter. Some of the famous 

geothermal provinces of India are shown below. 

 
Fig. 7: Geothermal Provinces in India 

X. CONCLUSION 

The opportunities for geothermal power to play a much larger 

role in overall energy production in the future require 

technical innovation , reduced startup cost ,public education 

,and a level economic and regulatory playing field with other 

energy technologies . North American output could rise to 

11,700 MW with existing technology and 25,390 MW with 

enhanced technology under development by joint 

government- industry programs. 

Most of the easily located geothermal system, those 

with hot springs, fumaroles, and geysers at the surface, are 

already known and many have been developed.  

Geothermal energy are the renewable energies’ that 

maintain the demand and need of the people and help in 

maintaining the environmental side effect which is over 

burning of coal and creating pollution that leads to the 

disturbance of environmental balance. 

Steam and hot water reservoir are just a small part 

of the geothermal resources. The earth magma and hot dry 

rock will provide cheap, clean, and almost unlimited energy 

once technology can tap into them. However, the technology 

to drill deep enough borehole does not yet exist at low enough 

cost, and is subjected of current research and development by 

companies. 

The economics of geothermal power can be further 

improved through co-production of goods and services from 

high- temperature geothermal brine. A large quantity of 

distilled water, which is currently costly to produce, is also a 

convenient bi product of the generation of geo thermal power. 
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Significant growth in geothermal generating 

capacity during the next decade will rely on the discovery and 

production of several new water dominated geo-thermal 

fields as well as drilling techniques for reaching them. 

Researcher believe that the economic risk of exploratory 

drilling will be reduce through the development of new core 

hole evaluation technologies. Core drilling provide a set of 

rock sample and fine temperature-gradient information. It 

will be necessary to develop the methodology and equipment 

to conduct reservoir testing and evaluation during core 

drilling in order to take full advantage of the lower cost of 

core drilling. 
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