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Abstract—At the present world power generation is the most 
important fact for the countries and during power generation in 
conventional way CO2 emissions in a large scale which is burden 
to the global environment. To reduce emission of CO2, 
renewable energies can be adapted such as solar, wind, biogas 
etc. but among these geothermal energy (GTE) has the highest 
efficiency about 12%. GTE can be used for electricity 
generation, as heat pump, aquaculture etc. Moreover GTE has 
negligible CO2 emission and it is clean energy. 

This paper emphasizes on the modification of GTE plants 
using CO2 as a working fluid which emits from different 
industries and enters through the wells of GTE. It also indicates 
economic aspects, a survey of countries using GTE, its direct 
uses, reducing global warming phenomena and future prospects 
worldwide particularly in Bangladesh. 

Keywords—Geothermal energy;  Efficiency; Modification;  
Exploitation;  Economy. 

I. INTRODUCTION 

Geothermal energy has two primary sources, primordial 
heat, and radioactive decay. Primordial heat is what resulted 
from the creation of Earth 4.5 billion years ago, when the 
energy and mass from colliding cosmic matter made Earth a 
large, hot piece of space debris. 

Geothermal literally means ‘Earth’s heat, which is 
estimated to be 5,500 degrees centigrade at the Earth’s core – 
about as hot as the surface of the sun. Resources of 
geothermal energy range from the shallow ground to hot 
water and hot rock found a few miles beneath the Earth's 
surface, and down even deeper to the extremely high 
temperatures of molten rock called magma. This energy is a 
clean, renewable energy which is cost effective, reliable, 
sustainable, and environmentally friendly resource that can be 
tapped by many countries around the world located in 
geologically favorable places. It is the energy derived from 
the natural heat of the earth. The earth’s temperature varies 
widely, and geothermal energy is usable for a wide range of 
temperatures from room temperature to over 3000 C. 
Geothermal energy can be used for both electricity generation 
and direct uses depending on the temperature and chemistry 
of the resources.  Geothermal power has the potential to help 
mitigate global warming if widely deployed in place of fossil 
fuels. 

Geothermal power plants use steam produced from reservoirs 
of hot water found a few miles or more below the earth's 
surface to produce electricity. The steam rotates a turbine that 
activates a generator, which produces electricity. 
Technologies in use include dry steam power stations, flash 
steam power stations and binary cycle power stations. 
Geothermal electricity generation is currently used in 24 
countries[1],while geothermal heating is in use in 70 
countries[2]. 

Estimates of the electricity generating potential of 
geothermal energy vary from 35 to 2,000 GW[2].Current 
worldwide installed capacity is 10,715 megawatts (MW), 
with the largest capacity in the United States (3,086 MW)[3]. 
El Salvador, Kenya, the Philippines, Iceland and Costa Rica 
generate more than 15 percent of their electricity from 
geothermal sources. 

Geothermal power is considered to be sustainable because 
the heat extraction is small compared with the Earth's heat 
content[4]. The life cycle greenhouse gas emissions of 
geothermal electric stations are on average 45 grams of CO2 
per kilowatt-hour of electricity, or less than 5 percent of that 
of conventional coal-fired plants[5]. whereas the CO 
emissions are 453 g/kWh for natural gas, 906g g/kWh for oil 
and 1042 g/kWh for coal. 

II. METHODOLOGY 

A. Natural processes to get up geothermal heat to Earth’s 
surface - 

 Conduction and Radiation: Heat from the Earth’s interior 
flows outward. It is transferred to the outer layer of rock 
or the crust. 

 Convection: In some regions, the mantle beneath the 
crust may be hot enough to partly melt and create 
magma. Magma rising upward out of mantle can bring 
intense shallow heat into the crust. 

 Rainwater seeping downward through pores and crevices 
in the crust to depths of a mile or more is heated. The 
heated water may be stored at depth in geothermal 
reservoirs, or the hot water may flow upward out the 
reservoirs to the surface as hot springs, or boil near the 
surface to create geysers, fumaroles and mud pots. 
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Fig. 1.Elevation of geothermal energy from earth. 

B. Electrical energy generation (EEG) from GTE: 

A vast majority of the world’s power production involves 
the use of hot water. Sources like nuclear, coal and natural 
gas harness different processes (i.e. radioactive decay, 
combustion) to heat water into steam, which is run through a 
turbine to generate electricity. By drilling deep into the 
Earth’s interior, we find temperatures suitably high to 
produce electricity. Geothermal power plants use steam 
produced from reservoirs of hot water found a few miles or 
more below the Earth's surface to produce electricity. The 
steam rotates a turbine that activates a generator, which 
produces electricity.[6]  

 

Fig. 2.Schematic diagram of EEG from GTE. 

There are three basic types of geothermal power plants: 

Dry steam power plants: 

Dry steam stations are the simplest and oldest design. 
They directly use geothermal steam of 150°C or greater to 
turn turbines[2]. 

Table 1: Common use and technology commonly used for various reservoir 

temperature[10]. 

Reservoir 
Temperature 

Reservoir 
Fluid 

Common Use Technology 
commonly chosen 

High Temperature 
>220oC 

(>430oC) 

Water or 
Steam 

Power Generation 
Direct Use 

» Flash Steam 
» Combined 
(Flash  
   And Binary)          
   Cycle   
» Direct Fluid Use 
» Heat Exchangers 
» Heat Pumps 

Intermediate 
Temperature      
100-220oC        

(212 – 390oF) 

Water Power Generation 
Direct Use 

» Binary Cycle     
» Direct Fluid Use                 
» Heat Exchangers    
» Heat Pumps   

Low Temperature 
50-150oC        

(120-300oF) 

Water Direct Use » Direct Fluid Use                   
» Heat Exchangers 

 

Flash steam power plants: 

Flash steam stations pull deep, high-pressure hot water 
into lower-pressure tanks and use the resulting flashed steam 
to drive turbines. They require fluid temperatures of at least 
180°C, usually more. This is the most common type of 
station in operation today[7] 

Binary cycle power plants: 

Binary cycle power stations are the most recent 
development, and can accept fluid temperatures as low as 
57°C[8].The moderately hot geothermal water is passed by a 
secondary fluid with a much lower boiling point than water. 
This causes the secondary fluid to flash vaporize, which then 
drives the turbines. This is the most common type of 
geothermal electricity station being constructed today[9].Both 
Organic Rankine and Kalina cycles are used. The thermal 
efficiency of this type station is typically about 10–13%. 

Geothermal energy can also be used in electricity 
production by the using an organic fluid. Thermodynamic 
cycle is considered for the electricity production by 
geothermal power station which transforms fluid thermal 
energy into mechanical energy, then into electric power 
thanks to a generator[10].CO2 can be used as a working fluid 
instead of water. 

Scientifically, carbon dioxide is a colorless and odorless 
gas consisting of a single carbon atom connected with 2 
double bonded oxygen atoms. Carbon dioxide is nearly 
harmless to humans, where only high concentrations can 
cause problems. 

Biologically, carbon dioxide plays a major role in 
formation and decomposition of sugars. Plants, using 
photosynthesis, break down CO2 to produce organic 
compound, while humans produce CO2 by breaking down 
sugar, fats and more [11]. 
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Environmentally, carbon dioxide is a trace gas, making up 
for less than 0.1% of the gas in the atmosphere. Furthermore, 
carbon dioxide is a greenhouse gas, currently responsible for 
about 60% of the greenhouse effect caused by human 
influences. 

Nowadays, CO2 emission has reached an exceptionally 
high level. The International Energy Agency (IEA) fears a 
dangerous rise in the world temperature level. Guardian 
journal brings back an IEA estimate that greenhouse gas 
emissions (GES) reached a level ever observed before. So by 
using CO2 as a working fluid in extraction of GTE will 
reduce emission of CO2 in the atmosphere at a greater extent. 

III. GLOBALLY EXPLOITATION OF GEOTHERMAL ENERGY 

(GTE) 

The largest group of geothermal power plants in the world 
is located at The Geysers, a geothermal field in California, 
United States. As of 2004, five countries (El Salvador, 
Kenya, the Philippines, Iceland, and Costa Rica) generate 
more than 15% of their electricity from geothermal sources. 
During 2005, contracts were placed for an additional 500 
MW of electrical capacity in the United States, while there 
were also stations under construction in 11 other 
countries[12]. Enhanced geothermal systems that are several 
kilometers in depth are operational in France and Germany 
and are being developed or evaluated in at least four other 

countries. 

Geothermal electricity is generated in the 22 countries 
listed in the table below 

Table 1. Installed geothermal electric capacity 

 
Country 

Capacity 
(MW) 
2007 

Capacity 
(MW) 
2010 

Capacity 
(MW) 
2013 

Percentage 
of National 
Production 

USA 2687 3086 3389 0.3 

Philippines 1969.7 1904 1894 27.0 
Indonesia 992 1197 1333 3.7 
Mexico 953 958 980 3.0 

Italy 810.5 843 901 1.5 
Iceland 421.2 575 664 30.0 
Japan 535.2 536 537 0.1 
Kenya 128.8 167 215 11.2 

Costa Rica 162.5 166 208 14.0 
El Salvador 204.4 204 204 25.0 

Turkey 38 82 163 0.3 
Nicaragua 87.4 88 104 10.0 

Russia 79 82 97  
Guatemala 53 52 42  

China 27.8 24 27  
Portugal 23 29 28  
France 14.7 16 15  

Germany 8.4 6.6 13  
Ethiopia 7.3 7.3 8  
Austria 1.1 1.4 1  

Australia 0.2 1.1 1  
Thailand 0.3 0.3 0.3  

Total 9204.5 10025.7 10824.3  

 

IV. DIRECT UTILIZATION OF GEOTHERMAL HEAT 

The direct utilization of geothermal heat consists of 
various forms of heating and cooling to serve practical 
production and operation uses on an industrial scale such as 
greenhouse food and flower production, aquaculture, bathing 
and swimming, snow and ice removal, food dehydration and 
processing, mushroom culture, heating for livestock, pulp and 
paper production, brewing and distilling. 

V. MODIFICATION OF EXTRACTION OF GTE AND FUTURE 

RECOMMENDATION 

The regions used for extracting geothermal energy (GTE) 
can be introduced as a commercial zone where different 
industries which are profitable but are not environmentally 
friendly and emits huge amount of CO2 such as brick building 
industries, pyrolysis industries and power plants generating 
electricity using coal, gas, fuels etc. From these industries 
huge amount of CO2 emits which can be reserved in a 
reservoir and can be used as a working fluid in extracting 
GTE. Not only reducing environmental pollution and global 
warming but also it produces huge amount of electricity at 
minimum cost. Moreover since CO2 in inflammable, there is 
no risk of hazardous situation of the power plant .Finally by 
commencing this introduced method we can keep 
environment clean, saving cost for power production and 
proper utilization of the GTE exploitation area. 

Since GTE is a potential source of energy in near future it 
will be extract in a large scale and mitigate the power scarcity 
of countries which has the possible geothermal source. For 
example Bangladesh has the large possibility to extract GTE 
from Salandar village in the impoverished northern district of 
Thakurgaon. Officials said they have found ideal sites in 
Thakurgaon to generate 200 MW of electricity, which they 
say will greatly reduce acute power shortages in northern 
districts. It must be noted that 200 MW are not insignificant 
considering the situation in Bangladesh where, with a 
population of over 156 million inhabitants, the total installed 
power capacity is currently about 6,000 MW. 

VI. ECONOMICS 

Geothermal power is a low cost energy source that 
diversifies the fuel supply and benefits the transitioning 
power grid. It does not require purchase of fuel, and because 
it is a baseload resource, geothermal power is reliable, 
helping to stabilize prices.  It is also dispatchable, or able to 
be ramped up or down quickly to make up for intermittency 
caused by wind or solar power. The average cost of 
geothermal plant over its lifetime is dramatically lower than 
that of traditional sources of power.  Geothermal energy is 
locally produced, reducing foreign oil imports and boosting 
rural economies through royalties and tax payments.  A 
geothermal power project development will involve hundreds 
of individuals, employing local people full time as well as 
stimulating induced jobs. 
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Geothermal power requires no fuel; it is therefore immune 
to fuel cost fluctuations. However, capital costs tend to be 
high. Drilling accounts for over half the costs, and 
exploration of deep resources entails significant risks. A 
typical well doublet in Nevada can support 4.5 megawatts 
(MW) of electricity generation and costs about $10 million to 
drill, with a 20% failure rate[13]. 

VII. CONCLUSION 

GTE is the potential source of energy and it is a clean 
energy. Moreover it is not an intermittent energy. It has the 
efficiency about 12% whereas solar, gas etc. has the 
efficiency lower than that GTE provides hydrothermal 
electricity as well as can be used as space heating, crop and 
lumber dying, food preparation, fish farming, industrial 
processes etc. By proper utilization and introduced 
modification GTE will be one of the major power source for 
the blessed countries and will provide national economy and 
keep the environment living friendly for the mankind by 
using exhaust from the industries through the wells of GTE 
plants. 

                                                 REFERENCE 

[1] Geothermal Energy Association. Geothermal Energy: International 

Market Update May 2010, p. 4-6. 

[2] Fridleifsson,, Ingvar B.; Bertani, Ruggero; Huenges, Ernst; Lund, John 

W.; Ragnarsson, Arni; Rybach, Ladislaus (2008-02-11), O. Hohmeyer and T. 

Trittin, ed., The possible role and contribution of geothermal energy to the 

mitigation of climate change (PDF), IPCC Scoping Meeting on Renewable 

Energy Sources, Luebeck, Germany, pp. 59–80, retrieved 2009-04-06. 

[3] Geothermal Energy Association. Geothermal Energy: International 

Market Update May 2010, p. 7. 

[4] Rybach, Ladislaus (September 2007), Geothermal Sustainability, Geo-

Heat Centre Quarterly Bulletin (Klamath Falls, Oregon: Oregon Institute of 

Technology) 28 (3): 2–7, ISSN 0276-1084, retrieved 2009-05-09. 

[5] Moomaw, W., P. Burgherr, G. Heath, M. Lenzen, J. Nyboer, A. 

Verbruggen, 2011: Annex II: Methodology. In IPCC: Special Report on 

Renewable Energy Sources and Climate Change Mitigation (ref. page 10). 

[6]http:// www. Canadian Geothermal Energy Association.com.html 

[7] US DOE EERE Hydrothermal Power Systems. .eere.energy.gov (2012-

02-22).Retrieved on 2013-12-13. 

[8] Erkan, K.; Holdmann, G.; Benoit, W.; Blackwell, D. (2008), 

Understanding the Chena Hot Springs, Alaska, geothermal system using 

temperature and pressure data, Geothermics 37 (6): 565–585, 

doi:10.1016/j.geothermics.2008.09.001, ISSN 0375-6505, retrieved 2009-04-

11. 

[9] "Geothermal Basics Overview". Office of Energy Efficiency and 

Renewable Energy.Retrieved 2008-10-01. 

[10] NasreddineChennoufa,*, BelkhirNegroua, BoubekeurDokkara, 

Valuation and estimation of geothermal electricity production using carbon 

dioxide as working fluid in the south of Algeria, NoureddineSettoua a 

Laboratoire de Valorisation et de Promotion des RessourcesSahariennes 

(LVPRS) University of KasdiMerbah, Ouargla, Algeria. E-mail address: 

chennouf.nasreddine@gmail.com. 

[11]  D.H.M. Janse, Combining geothermal energy with CO2 storage 

Feasibility study of low temperature geothermal electricity production using 

carbon dioxide as working and storage fluid. Sustainable development-Track 

energy and resources, University Utrecht (2010). 

[12] Tester, Jefferson W. (Massachusetts Institute of Technology) et al., The 

Future of Geothermal Energy (14MB PDF), Impact, of Enhanced 

Geothermal Systems (Egs) on the United States in the 21st Century: An 

Assessment, Idaho Falls: Idaho National Laboratory, ISBN 0-615-13438-6, 

retrieved 2007-02-07. 

[13] Geothermal Economics 101, Economics of a 35 MW Binary Cycle 

Geothermal Plant, New York: Glacier Partners, October 2009, retrieved 

2009-10-17. 

 

International Conference on Materials, Electronics & Information Engineering, ICMEIE-2015 
05-06 June, 2015, Faculty of Engineering, University of Rajshahi, Bangladesh 
www.ru.ac.bd/icmeie2015/proceedings/ 

ISBN 978-984-33-8940--4




