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Abstract- Geothermal energy promises a bright 
future for the nonconventional energy resources as 
this technology is pollution free, unaffected by 
weather condition but economic costly, Therefore 
need arises to make the Geothermal energy models 
available efficient and cost effective, The paper 
describes the work done by different researchers in 
the field of Geothermal energy conversion using 
enhanced or engineered Geothermal sources (EGS) 
approach. 
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I. INTRODUCTION 
Geothermal energy is the natural heat of the earth. 
Earth’s interior heat originated from its fiery 
consolidation of dust and gas over 4 billion years 
ago. In latin geothermal means geo (earth) & thermal 
(heat energy).  It is continually regenerated by the 
decay of radioactive elements that occur in all rocks. 
Climate change has no major impacts on the 
effectiveness of geothermal energy utilization, but its 
widespread deployment could play a significant role 
in mitigating climate change by reducing greenhouse 
gas (GHG) emissions as an alternative for capacity 
addition and/or replacement of existing base load 
fossil fuel-fi red power and heating plants. 
Geothermal systems as they are currently exploited 
occur in a number of geological environments where 
the temperatures and depths of the reservoirs vary 
accordingly. Many high-temperature (>170P

0
PC) 

hydrothermal systems are associated with recent 
volcanic activity and are found near plate tectonic 
boundaries (subduction, rifiting, supeading or 
transform faulting), or at crustal and mantle hot spot 
anomalies. Intermedicate-(100 to 170P

0
PC) and low-

temperature(<100P

0
PC) systems are also found in 

continental settings, where above normal heat 
production through radioactive isotope decay 
increases terrestrial heat flow or where aquifers are 
charged by water heated through circulation along 
deeply penetrating fault zones. Under appropriate 
conditions, high, intermediate-and low temperature 
geothermal fields can be utilized for both power 
generation and the direct use of heat (Tester et al., 
2005). 

 
 

In the case of coal-fired electricity increased bus-bar 
costs are predicted as result of three effects occurring 
over time: (i) fuel cost increases, (ii) higher capital 
costs of new facilities to satisfy higher efficiency and 
environmental quality goals, including capture and 
sequestration of CO2, and (iii) retirement of a 
significant number of low-cost units in the existing 
fleet due to their age or failure to comply with stiffer 
environmental standards. In the case of nuclear 
facilities, we anticipate a shortfall in nuclear supplies 
through the forecast period, reflecting retirement of 
the existing power reactors and difficulties in siting 
and developing new facilities. Without corresponding 
base-load replacements to meet existing and 
increased demand, the energy security of the United 
States will be compromised. It would seem prudent to 
invest now in developing a portfolio of options that 
could meet this need.  
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To sum up, based on our technical and economic 
analysis, a reasonable investment in R&D and a 
proactive level of deployment in the next 10 years 
could make EGS a major player in supplying 10% of 
U.S. base-load electricity by 2050. Further, the 
analysis shows that the development of new EGS 
resources will not be limited by the size and location 
of the resource. 
 
II DISCRIPTION OF EGS 
 
In general terms, geothermal energy consists of the 
thermal energy stored in the Earth’s crust. Thermal 
energy in the earth is distributed between the 
constituent host rock and the natural fluid that is 
contained is its fractures and pores at temperatures 
above ambient levels. These fluids are mostly water 
with varying amounts of dissolved salts; typically, in 
their natural in situ state, they are present as a liquid 
phase but sometimes may consist of a saturated, 
liquid-vapor mixture or superheated steam vapor 
phase. The amounts of hot rock and contained fluids 
are substantially larger and more widely distributed 
in contained in sedimentary rock formations 
underlying the United States. Geothermal fluids of 
natuorigin have been used for cooking and bating 
since before the beginning of recorded history; but it 
was not until the early 20P

th
P century that geothermal 

energy was harnessed for industrial and commercial 
purposes. In 1904, electricity was first produced 
using geothermal steam at the vapor-dominated field 
in Larderllo, Italy. Since that time, other 
hydrothermal developments, such as the steam field 
at the Geysers, California; and the hot-systems at 
Wairakei, New Zealand; Cerro Prieto, Mexico, and 
Reykjavik, Iceland, and in Indonesia and the 
Philippines, have led to an installed world electrical 
generating capacity of nearly 10,000MWt and direct 
use, nonelectric capacity of more than 100,000MWt 
(thermal megawatts of power) at the beginning of the 
21P

st
P century. 

Source and transport mechanisms of geothermal heat 
are unique to this energy source. Heat flows through 
the crust of the Earth at an average rate of almost 59 
mW/m2 [1.9 x 10-2Btu/h/ft2]. The intrusion of large 
masses of molten rock can increase this normal heat 
flow locally; but for most of the continental crust, the 
heat flow is due to two primary processes: 
 
1. Upward convection and conduction of heat from 

the Earth’s mantle and core, and 
2. Heat generated by the decay of radioactive 

elements in the crust, particularly isotopes of 
uranium, thorium, and potassium. 

 

The first step would be exploration to identify and 
characterize the best candidate sites for exploitation. 
Holes then would be drilled deep enough to 
encounter useful rock temperature to further verify 
and quantify specific resource at relevant depths for 
exploitation. If low-permeability rock is encountered, 
it would be stimulated hydraulically to produce a 
large-volume reservoir for hat extraction and suitably 
connected to an injection production well system. If 
rock of sufficient natural permeability is encountered 
in a confined geometry, techniques similar to water 
flooding or steam-drive employed for oil recovery 
might be used effectively for heat mining (Tester and 
Smith, 1977; Bodvarsson and Hanson, 1977. 

 
Other approaches for heat extraction employing 
down hole heat exchangers or alternating injection 
and production (huff-puff) methods, have also been 
proposed. 
Geothermal system (EGS) as engineered reservoirs 
that have been created to extract economical amounts 
of heat from low permeability and/or porosity 
geothermal resources. For this assessment, we have 
adapted this definition to include all geothermal 
resources that are currently not in commercial 
production and require stimulation or enhancement. 
EGS would exclude high-grade hydrothermal but 
include conduction dominated, permeability 
resources in sedimentary and basement formations, as 
well as geopressured, magma, and low-unproductive 
hydrothermal resources. In addition, we have added 
coproduced hot water from oil and gas production as 
a unconventional EGS resource type that could be 
developed in the short term and possibly provide a 
first step to more classical EGS exploitation. EGS 
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concepts would recover thermal energy contained in 
subsurface rocks by creating or accessing a system of 
open, connected fractures through which water can 
be circulated down injection wells, heated by contact 
with the rocks, and returned to the surface in 
production wells to form a closed loop idea itself is a 
simple extrapolation that emulates naturally 
occurring hydrothermal circulation system – those 
now producing electricity and heat for direct 
application commercially in some 71 countries 
worldwide. 
 
 
III CHARACTERSTIC CONSIDERATIONS 
FOR SUCCESSFUL STIMULATION  
 
At our current level of understanding and with the 
technology available for stimulating potential 
geothermal reservoirs, pre-existing fractures with 
some connectivity in the far field are needed to 
develop a connected system that can be circulated. 
The fractures need to be oriented with respect to the 
stress field in such a way that they will fail in shear, 
this is the case over a wide range of geologic and 
tectonic conditions. We can stimulate connected 
fractures and improve permeability. 
 
1. Site selection 
Exploration methods that can effectively tell us the 
stress field at depth from the surface are not currently 
available. We can use GPS and satellite imaging to 
locate and map more regional stress regimes, but it is 
very difficult to predict the downhole stress patterns 
and how they will very with depth. Few wells have 
been drilled to deep depths in the areas of highest 
heat flow. Those wells that have been drilled to deep 
depths are generally oil and gas wells, and the stress 
data are proprietary for the most part. The heat flow 
data we have are limited and not very detailed. 
Unless an area has been extensively explored for 
geothermal energy, the detailed temperature-with 
depth information that we need for siting EGS 
exploratory wells is not available. While oil and gas 
wells are often logged for temperature as part of the 
normal assessment process, these data are afain 
proprietary and not available. 
 
2. Instrumentation 
Evaluation of the geothermal system requires drilling, 
stimulation, mapping of the stimulated area, and then 
drilling into the stimulated area. Borehole imaging 
prior to and post stimulation ais necessity for 
understanding and assessing the potential system, and 
for design of the stimulation. Once we have drilled a 
well, if the rock temperature is above 225P

0
PC, the use 

of borehole imaging tools for characterizing natural 
fractures and the stress regime will require precooling 
of the borehole instrumentation for borehole imaging 
is difficult to protect from borehole temperatures 
because data pass-through permit too much heat gain 
from the hot borehole environment. High-
temperature electronics that would extend the 
temperature range for all kinds of instrumentation for 
use in geothermal situations need to be developed 
and applied to downhole logging tools and drilling 
information systems as well as to seismic monitoring 
tools. There is a strong need for high temperature 
instrumentation in other technologies such as internal 
combustion engine monitoring, generators and power 
generation systems, nuclear power generation 
monitoring and high temperature oil and gas well 
drilling and logging. These industries can support 
some of the developments to extend the temperature 
range for these components. However, geothermal 
temperatures can far exceed the highest temperatures 
in oil and gas wells. So, while we can piggyback to 
some extent on the oil and gas industry, there is still a 
need for a focused geothermal instrumentation 
program. 
 
3. Downhole pumps 
Experience has shown that downhole pumping of the 
production well is essential for long-term production 
management of the EGS reservoir system. However, 
only line shaft pumps are currently capable of long-
term operation in temperatures above 75P

0
PC. Line-

shaft pumps are of limited usefulness for EGS 
development, because they cannot be set at depths 
greater than about 600m. In principle, there is no 
limitation on the setting depth of electric submersible 
pumps, but these are not widely used in the 
geothermal industry. 
 
4. High-temperature packers or other well-

interval isolation systems 
We know from experience that when we pump from 
the surface, we preferentially stimulate those 
fractures that accepted fluid before the stimulation. If 
we want to stimulate pre-existing fractures that do 
not accept fluid or create fractures where none exist, 
we would need to isolate sections of the borehole for 
separate stimulation. At present, we do not have 
packers that will accomplish this reliably. Most 
packers use elastomer elements that are limited in 
temperature to about 25P

0
PC. Allmetal packers have 

been developed, but because there is not much 
demand for packers that function at high 
temperatures, these have not been tested widely or 
made routinely available. There is the potential for 
setting cemented strings of expanded casing with 
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sealable sections in the open-hole section of the well, 
but this has not been tested either. Inflatable cement 
packers have been used in certain oil-field 
applications. They were tried at Fenton Hill 
unsuccessfully but later implemented successfully at 
Soultz using cement inflatable aluminum packers. In 
general, they have not yet been used in hydrothermal 
wells. 
 
5. Short-circuit prevention and repair 
Short circuiting, the development of preferred 
pathways in stimulated reservoirs, is one of the major 
problems for EGS economics. Short circuits may 
develop as part of the initial fracturing process, or 
during long-term circulation. Either way, we need a 
suite of methods to repair the situation, or be forced 
to abandon large sections of the stimulated volume. 
 
6. Fracture design models 
Credible hydraulic-fracturing simulation models 
capable of addressing the propagation of clusters of 
shear fractures in crystalline rock are not available. 
Developments must include incorporating dynamic 
(pressure, time, and temperature) poroelastic and 
thermoelastic effects in the formations penetrated by 
the fractures and in the regions of the fracture 
perimeter well as consideration of using explosive 
and intermediate strain rate stimulation methods. 
 
7. Rock property quantification 
Although some data are available (Batchelor, 1984), 
and some logging/coring analysis methods and 
numerical models have been developed, we still need 
better methods for quantifying formation properties 
pertinent to hydraulic fracturing and post-frac 
circulation. Methods are needed that include not just 
the near wellbore region, but extend out as far as 
possible from the wells. The methods developed need 
to be cost-effective as well as reliable. We also need 
to use data, gathered both in the laboratory and in the 
field, to validate numerical models for fluid/rock 
geochemical interaction. The results from current 
models can vary immensely.  
 
8. Fracturing fluid loss  
The behavior of the reservoir during fracturing fluid 
injection and uring circulation-and its relationship to 
fluid loss is not well understood. The nature of 
dynamic fluid loss, and the effects of both poroelastic 
and thermoelastic behavior remain as issues. 
Specifically, it is largely unknown how thermal 
contraction caused by local cooling of the rock at and 
near fracture channels affects fluid losses and 
dynamic fracture propagation.  
 

9. Fracture mapping methods 
While microseismic event monitoring gives us 3-D, 
time resolved pictures of event location and 
magnitude from which we infer the fractured rock 
volume, we do not have a quantitative understanding 
of how the event map relates to the flow paths that 
define the extent of the underground heat exchanger. 
More credible methods for mapping tensile fracture 
and shear fracture cluster geometry resulting from 
hydraulic stimulation are needed. Also, it may be 
possible to use the focal mechanisms for the events to 
determine which events are correlated with fluid 
flow. 
10. Reservoir connectivity 
While the fractured volume may be mapped using 
micro earthquake data, there are still issues with 
ensuring that production wells connect adequately 
with injectors through the fractured volume. Some 
portions of the volume may be isolated from the 
injector. Boundaries due to pre-existing faults, 
fractures, and lithology changes may prevent 
connection or make too strong a connection with 
parts of the reservoir. It may be possible to improve 
reservoir connectivity through pressuremanagement 
methods such as producing one well while injecting 
into another or injecting into two simultaneously. 
 
11. Rock-fluid interactions 
Geochemistry at low temperatures can be a benign 
factor, but as the salinity and temperature increase, it 
may pose difficult engineering challenges. 
Considerable effort is now going into the numerical 
modeling of coupled geochemical processes, but 
generally there is still a lack of data to support the 
verification of the models. Dissolution and 
precipitation problems in very high temperature EGS 
fields are not well understood. Conventional means 
of overcoming these problems b controlling pH, 
pressure, temperature, and the use of additives are 
widely known from experience at hydrothermal 
fields. Some laboratory studies may shed light on the 
pro involved, however, solutions to specific 
geochemical problems will have to be devised when 
the first commercial fields come into operation. 
 
IV POWER PLANTS 
The basic types of geothermal power plants in use 
today are steam condensing turbines and binary cycle 
units. Steam condensing turbines can be used in flash 
or dry-steam plants operating at sites with 
intermediate and high temperature resources (  
=150P

0
PC). The power plant generally consists of 

pipelines, water steam separators, vaporizers, de-
misters, heat exchangers, turbine generators, cooling 
systems, and a step-up transformer for transmission 
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into the electrical grid (see Fig). The power unit size 
usually ranges from 20 to 110 MWe, and may utilize 
a multiple flash system, flashing the fluid in a series 
of vessels at successively lower pressures, to 
maximize the extraction of energy from the 
geothermal fluid. The only difference between a flash 
plant and a dry-steam plant is that the latter does not 
require brine separation, esulting in a simpler and 
cheaper design. Binary-cycle plants, typically organic 
rankine cycle (ORC) units, are commonly installed to 
extract heat from low and intermediate-temperature 
geothermal fluids (generally from 70 to 170P

0
PC), from 

hydrothermal-and EGS-type reservoirs. 
 
Binary plants are more complex than condensing 
ones since the geothermal fluid (water, steam or both) 
passes through a heat exchanger heating another 
working fluid. This working fluid, such as isopentane 
or isobutene with a low boiling point, vaporizes, 
drives a turbine, and then is air cooled or condensed 
with water. Binary plants are often constructed as 
linked modular units of a few MW in capacity. There 
are also combined or hybrid plants, which comprise 
two or more of the above basic types, such as using a 
binary plant as a bottoming cycle with a flash steam 
plant, to improve versatility inc overall thermal 
efficiency, improve load following capability, and 
efficiency cover a wide resource temperature range.  
 
V SCOPE OF EGC IN INDIA 
In India, exploration and study of geothermal fields 
started in 1970. The GSI (Geological Survey of 
India) has identified 350 geothermal energy locations 
in the country. The most promising of these is in 
Puga valley of Ladakh. The estimated potential for 
geothermal energy in India is about 10000MW. 
 

 
 

There are seven geothermal provinces in India the 
Himalayas, Sohana, West coast, Cambay, Son-
Narmada-Tapi (SONATA) Godavari and Mahanadi. 
The important sites being explored in India are 
shown in the map of India. 
 
VI ADVANTAGES OF EGS 
1. No greenhouse gas emissions during operations 
Geothermal power plants built on EGS reservoirs and 
using “closed-loop” cycles will emit no carbon 
dioxide (CO2), one of the principal greenhouse gases 
(GHGs) implicated in global warming. 
2. Proper use of land 
In comparison with fossil-fueled, nuclear, or solar-
electric power plants, EGS plants require much less 
land area per MW installed or per MWh delivered. 
The practice of directionally drilling multiple wells 
from a few well pads will keep the land use to a 
minimum. Furthermore, because EGS plants are not 
necessarily tied to hydrothermal areas, it may be 
possible to site them within populated and industrial 
districts, a clear advantage over fossil or nuclear 
plants. 
3. Possible sequestration of carbon dioxide 
Although not analyzed in this assessment, a proposal 
has been put forth to use CO2 as the EGS reservoir 
heat-transfer fluid. Brown (2000) has developed a 
conceptual model for such a system based on the 
Fenton Hill Hot Dry Rock reservoir. The argument is 
made that CO2 holds certain thermodynamic 
advantages over water in EGS applications. Based on 
the case study in his paper, a single EGS reservoir 
having a pore space of 0.5 kmP

3
P could hold in 

circulation some 260 x 10P

9
Pkg of CO2, the equivalent 

of 70 years of CO2 emissions from a 500MW coal 
power plant having a capacity factor of 85% EGS 
plants then could conceivably play a valuable 
symbiotic role in controlling CO2emissions. 
4. Low overall environment impact 
The effects caused by induced seismicity, geothermal 
plantsare the most environmentally benign means of 
generating base-load electricity. Continuous 
monitoring of microseismic noise will serve not only 
as a vital tool for estimating the extent reservoir, but 
also as a warning system to alert scientists and 
engineers of the possible onset of a significant 
seismic event. On balance, considering all the 
technologies available for generating large amounts 
of electric power. 
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