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Abstract 
 
 
Geothermal Energy is one of the common talks at present. It has the potential to run long term and 
can provide base-load energy, at the same time it helps to reduce the greenhouse gas emissions. It is 
found almost everywhere on earth. The resources of geothermal energy range from shallow ground 
to hot water or hot rock, which can be found few kilometers below the surface and even deeper to 
magma where the temperature is extremely high. Since its discovery from the ancient times, many 
technologies have been developed to understand or use geothermal energy properly.   
 
This report is based on literature survey of geothermal energy compared to other energy sources in 
terms of construction, supply energy and the advantage-disadvantage of the system. From this study 
it has been found that geothermal power plant does not need external fuel to operate, that’s why the 
price of geothermal energy does not go up like oil and gas, in USA the cost of geothermal electricity 
ranges from $0.06 to $0.10 per kilowatt-hour and besides it is one of the most clean, reliable and 
renewable energy source, which is environment friendly and cheaper than other energy sources. 
 
 
Keywords: Geothermal energy, Green energy, Fossil fuel, Greenhouse Gas 
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1 Introduction 

 
 

The word Geothermal came from two Greek words – Geo and Therme[1] which means the Earth and 

the Heat respectively. Thus, geothermal energy means the heat within the earth. This energy 

classified as a renewable energy, because it obtained from sources that are inexhaustible fossil fuels. 

 

About 4,000 miles [1] under the earth's surface lays the earth-core (see, figure1.1), which is double-

layered of very hot molten iron surrounding a solid iron center. The temperature of this core is 

estimated 2800 °C to 6000 °C [3]. This continuous heat production generate by the slow decay of 

radioactive particles. 

 

 

Figure 1.1: Earth’s Temperatures [2]. 

 

The earth’s core is surrounded by 1,800 miles [3] thick mantle (see, figure1.2). It is partly rock and 

partly magma. The outermost layer of the earth is like an egg shell, which is an insulated crust and 

has some broken pieces. These broken pieces are known as plates. These hot molten rock can come 

close to the thinned or fractured (i.e. caused by plate tectonics [3]) part of the crust due to continental 

drift (i.e. when the slabs of continents push against each other and ocean floor drift apart) and heat 

can easily come out to the surface through any of these fractured plates. The heat as well transfer to 
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the underground water and a usable form of trapped-energy is created. Later, this hot water can be 

pumped up to the surface, collect the heat and then return the water into the underground again [3]. 

Thus re-usable heat energy can be harvested from earth. 

 

Figure 1.2: Earth’s inside [1] 

 

This heat energy, which is known as geothermal energy, can be found anywhere on earth and can be 

used in many ways. People use geothermal energy to produce electricity, generate heat in buildings 

and greenhouses, and many other purposes. This energy can be produced 24 hours a day in a large 

scale without emitting any greenhouse gas, which makes it affordable and sustainable solution for 

reduce the dependence of fossil fuels and the global warming. 

 

1.1 History of Geothermal Energy    

From the ancient times, the Romans, Chinese, and Native Americans used hot spring water for 

cocking, bathing and heating. At present, these hot spring water is used in spas, heating buildings, in 

agricultural and in industries.  

 

In 1904, world’s first electric generator was created in Italy, which was powered by the natural steam 

erupting from the earth [3]. 

 

In 1922, USA did the first attempt to develop a geothermal power plant at the Geysers steam field in 

northern California. But it failed due to decay of pipes and turbines by the abrasion and corrosion of 
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the particles and impurities in the steam [3]. 

 

Later, in 1960, a small successful hydrothermal plant was built in Geysers, which is developed for 

electric generation. And today 28 plants are operating here [3]. 

 

1.2 Efficiency of geothermal energy  

It has been found that using geothermal energy for residential heating and cooling is the most 

efficient. This efficiency is 50% to 70% higher than the standard heating systems and 20% to 40% 

higher than present cooling systems. This high efficiency also has very low utility bills [5]. 

 

1.3 Geothermal Powers 

According to the Geothermal Energy Association (2008), more than 8,900 megawatts of geothermal 

energy was produced in 24 countries around the world, and by producing 3000 megawatts in eight 

states, the USA is the largest geothermal energy producing country [4].  

 

Besides USA, these following nations [6] also generate the most geothermal power, based on their 

percentage of total power produced (including fossil fuels and other renewable sources). 

 

1. Iceland (30%) 

2. Philippines (27%) 

3. El Salvador (25%) 

4. Costa Rica (14%) 

5. Kenya (11%) 

 

1.4 Geothermal Energy Location    

Geothermal energy can be seen on volcanoes, hot springs, geysers, and fumaroles. But the energy 

actually located deep underground. 

Geologists use many methods for finding geothermal resources. Such as – study the aerial 

photographs, geological maps; analyze the chemistry of local water and the metal concentration in 

the soil, measure variations in gravity and magnetic fields. But the best way is to drill wells deep in 
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earth and measure the underground temperature. 

The active geothermal resources are seen along the major plate boundaries where earthquakes and 

volcanoes are concentrated. Most geothermal activity has been seen by the Ring of Fire (see, figure 

1.3, i.e. the area surrounded by Japan, the Philippines, the Aleutian Islands, North America, Central 

America, and South America) [1]. 

 

 

Figure 1.3: Ring of Fire [1] 

 

 

 

1.5 Geothermal Hotspot 

 

On earth surface some places leak of molten lava can be found (see, figure 1.4). These areas are 

known as hotspots. But these hotspots are very rare and these places are easily to be drilled. For 

example Iceland and Hawaii, where lots of volcanic activity caused molten rock column from the 

center till the earth’s crust [7]. These hotspots are the easy access to the geothermal energy. 
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Figure 1.4: Hotspots on earth [7] 

 

1.6 Today's Geothermal Energy 

Today’s four types of geothermal resources are found – hydrothermal, geo-pressured (i.e. refer to 

hot brine saturated with methane, has temperature range from 90 - 200oC and found in 3 – 6 km 

below the surface), hot-dry rock (i.e. 200-300oC hot-dry rocks can be found within 5 km below the 

surface), and magma (i.e. molten rock found at depths of 3 - 10 km, has temperature range from 700-

1200oC). Only the hydrothermal is widely in use but the other 3 are in the research stage.  

 

For hydrothermal, water and heat are the main ingredients. When the magma comes close to the 

ground water, then the heat get trapped in the water and produce hot steam. Depending on the high or 

low temperature these hydrothermal resources are using in different energy purposes. For example – 

low temperature [1] (i.e. 10 °C) hydrothermal resources are used for heating (e.g. spas, heating 

buildings, grow crops, warm fish ponds etc.) and the high temperature (i.e. 105 to 537 °C) 

hydrothermal resources are used for producing electricity [1]. 

Dry steam (i.e. vapor-dominated, highly efficient) and hot water (i.e. liquid-dominated, where 

pressure is low and water flashes into steam) reservoirs are two main types of hydrothermal 

resources are used to generate electricity. 
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1.7 Economics of Geothermal Energy 

Geothermal systems are the most energy efficient and environment-friendly heating, cooling and 

water heating systems.  There are three key elements [8] that must be satisfied before geothermal 

prospect can move to commerciality.  

These are:  

• Quantum of energy: temperature and flow rate 

• Cost of production: exploration and development drilling 

• Proximity to markets: transmission grid for geothermal energy, heat drying needs 

of domestic and industrial customers etc. 

 

At present geothermal power plants are producing very cheap energy, e.g. in USA to produce 1 kWh 

electricity, it cost around 4 – 7 cents from hydrothermal systems [3]. The initial construction of a 

power plant is very high due making the deep geothermal wells and the power plant all at the same 

time. 

 

These geothermal power plants are able to produce base-load power all the day even in the peak-use 

times. 

 

The Geysers in USA, which is the biggest geothermal energy production plant has reached its peak 

geothermal energy production in 1987 and after then it declined [3]. In 1994, USA produced 18 

billion kWh of electricity which was 0.3% of the electricity used in this country [3].  

 

According to United States Department of Energy the geothermal systems use 25-50% less energy 

[9] on average than conventional systems, which brings 44-77% energy savings to the providers [9]. 

 

 

 

 

 

 

 

 

 



11 
 

2 Geothermal System 

 
 

Geothermal systems can be installed – under lawns, landscaping, driveways or even an existing 

house can be added with a geothermal system by using the ductwork.  

 

There are three components that are essential for geothermal systems [8]: 

• a subsurface heat source 

• fluid to transport the heat 

• faults, fractures or permeability within sub-surface rocks that allow the heated fluid to flow 

from the heat source to the surface  

 

The 1st key factor is to determine the temperature gradient of a location, which is generated by the 

earth’s heat flow. The 2nd factor is to find out the thermal conductivity of the crustal rocks, which 

controls how well the heat is being trapped. It is natural that high heat flow creates high temperature 

gradient, and the sedimentary rocks over the heat source works as an insulating blanket that trap that 

heat. It was found that the finely grained sedimentary rocks works better as an insulator than 

sandstone. So, the highest thermal gradient is located where both high heat flow and low thermal 

conductivity present. 

 

2.1 Types of Geothermal System 

 

Hydrothermal and Hot Rock are two basic geothermal systems. 

 

For hydrothermal system, (see, figure 2.1) hydrothermal reservoirs need to be located at first, which 

are found in fractured volcanic rocks where temperatures are relatively high near the surface or in 

non-volcanic areas where the crustal heat flow able to produce very high temperatures and the rocks 

are permeable to allow the production of large volumes of fluid. Hydrothermal systems can be 

focused on Hot Sedimentary Aquifer (HSA) systems or on Volcanic Systems [8]. 
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Figure 2.1: Schematic of Geothermal Systems [8] 

  

 In hot rock geothermal system, (see, figure 2.1) heat is extracted from hot rocks by pumping water 

into the rocks at depth. This process can be done by using an injection well and withdrawing it from 

a production well at very high temperature and pressure through fractures in the hot rocks. These 

rocks are hot due to the trapped-heat by the insulating effect of overlying rocks and sedimentary 

cover usually over 3000 meters in thickness [8]. 

 

2.2 Geothermal Reservoir  

Heat, permeability, and water are the main requirements for a geothermal system. Inside the earth 

there is magma, which sometimes reach to the surface as lava, but most of the time it remains below 

the earth's crust and heat up nearby rocks and water, this temperature can be as high as 370 °C [2]. 

This heat in the water or steam usually gets trapped in permeable and porous rocks. These rocks lay 

under a layer of impermeable rock and thus a geothermal reservoir form. Sometimes this hot water 
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comes out to the earth’s surface through springs or geysers, but most of it stays deep underground, 

trapped in cracks and porous rock. So, a geothermal reservoir (see, figure 2.2) is a natural build 

energy source. 

 

 

Figure 2.2: The Formation of a Geothermal Reservoir [2] 

2.3 Types of Geothermal Power Plants 

At present, four types of geothermal power plants are seen, these are [2] 

(a)  Flash power plants 

(b)  Dry steam power plants 

(c) Binary power plants 

(d) Flash-Binary combined power plants 

 

(a) Flash Power Plant: In flash power plant, (see, figure 2.3) steam gets separated by steam 

separator from the underground hot water. Then the steam is delivered to the turbine, and the turbine 

power up the generator. And the separated water gets injected back into the reservoir [2]. 
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Figure 2.3: Schematic of Flash Power Plant. Designed by Ormat Funding Corp. 

 

(b) Dry Steam Power Plant: In the dry steam power plant, (see, figure 2.4) without using any steam 

separator steams are collected from the wells to run the turbines that power the generator [2]. 

 

 

Figure 2.4: Schematic of Dry Steam Plant [2] 

  

(c) Binary Power Plant: In the binary power plant, (see, figure 2.5) by using an Organic Rankine 
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Cycle system it is possible to produce electricity from geothermal resources lower than 150 °C. In 

this process the hot geothermal water heats up other organic fluids such as isobutene or 

pentafluoropropane, which boils at a lower temperature than water. These two liquids are separated 

by using a heat exchanger to transfer heat from hot water to the working fluid, which expands into 

gaseous vapor. The expanded vapor turns the turbines to power the generators, after then the 

geothermal water is injected back into the reservoir [2]. 

 

 

Figure 2.5: Schematic of Binary Power Plant. Designed by Ormat Funding Corp. 

  

(d) Flash-Binary Combined Cycle: In this type of plant, (see figure 2.6) the portion of the 

geothermal water flashes to steam in low-pressure to produce electricity with a backpressure steam-

turbine and the low-pressure steam excite the backpressure turbine in a binary system [2]. 
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Figure 2.6: Schematic of Flash/Binary Power Plant. Designed by Ormat Funding Corp. 
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3 Advantages and Disadvantages  

 

3.1 Advantages of Geothermal Energy 

At present, geothermal energy has relatively low environmental impact compared to other energy 

sources; such as - pollution free power plants, which need less amount of space on the ground than 

other energy plants.  Figure 3.1 shows the geothermal and coal power plant, where coal power plant 

releasing harmful gases in the environment and on the other hand the geothermal power plant is 

releasing water vapor; besides the coal power plant occupied more area than the geothermal power 

plant.  

 

Our dependency on fossil fuel and the environmental impact are increasing and at the same. 

Geothermal energy has seen as the new alternate energy source of power generation by digging out 

the stored heat from the earth. As fossil fuel will diminish in the near future then geothermal energy 

will be the cheapest source of power generation. 

 

  

Figure 3.1: Geothermal Power Plant, USA (Left) and Coal Power Plant, UK (Right) 

 

The main advantages of Geothermal Energy are following: 

1. Cost Saving: Geothermal power plants save more than 80% costs [10] than other fossil fuel power 
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plants. As it doesn’t need any fuel to generate power, so there is no cost for buying fuel. At the same 

time the energy transporting and cleaning costs are very low. 

 

2. Reduce dependency on Fossil Fuels: By the continuous increment of fossil fuel price many 

purchasing companies became interested in low cost clean energy. Besides, to reduce the greenhouse 

gases and prevent global warming the dependency on geothermal energy has increased [10]. 

 

3. Pollution Free: The biggest advantage of geothermal energy is – it doesn’t create any pollution 

and produce green energy for the environment. It not only a renewable source of energy and reduce 

global warming but releasing some harmful gases inside the earth geothermal systems helps the 

environment [10]. 

 

4. Easy Use: From the ancient times, people are using geothermal energy for their daily uses e.g. 

bathing, heating homes, and preparing food. Today people are using it for the same purposes, 

because it is cheap and affordable. The initial cost of setup a geothermal power station maybe high, 

but in the long run it saves a huge amount of money for the consumers and the distributers [10]. 

 

5. Economic Benefits: As many countries are investing huge on geothermal energy production 

which not only brings benefits to their economy but also it creates jobs for people [10]. 

 

3.2 Disadvantages of Geothermal Energy 

Geothermal power plants are producing safe, clean, simple, and reliable and environment friendly 

energy. But it still not in use widely and suffers from some disadvantages. 

 

These disadvantages are following: 

1. Not widely spread to people : Due to not widely used, the equipment’s for the geothermal power 

plants are very rare and also insufficient skilled staff, hard installation process, less availability of 

suitable build location geothermal power plants are suffering currently  [11]. 
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2. High costs for installing: To get steam from deep below the earth a geothermal energy power 

plant requires huge investment, very skilled worker who also need to be relocate to the power plant 

for long installation process. Besides, electric towers and stations are needed to be built at the same 

time to transfer the energy to the consumers [11]. 

 

3. Possibility of running out of Steam: By excessive harvesting of energy, the temperature might 

drop due to injecting cold water down to earth which will cool down the hot rock in times. So, there 

is a possibility that the steam might run out in a geothermal power plant [11]. 

 

4. Need suitable region: Hot rocks below the earth which is able to produce steam for the long run is 

a suitable place to build a geothermal power plant, and these places could be near the hills or up in 

the mountain. So a great research and big investment require before setting up a plant [11].  

 

5. Possible release of toxic gases: In a geothermal power plant during the drilling process toxic 

gases may release which may escape into the earth. So, a geothermal power plant must be able to 

contain these harmful and toxic gases [11]. 

 

6. Transportation: Transporting energy is another issue in geothermal energy production. Other 

fossil fuel can be transported to the long distance residential areas but after extracting the trapped 

energy it can only be used in the local areas [11].  
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4 Geothermal Energy and the 

Environment 

 

Although geothermal does little damage to the environment, it is still a renewable resource. The earth 

has been emitting heat for the last 4.5 billion years [6] and will continue to emit for the next billions 

of years, due to the continuous radioactive decay inside earth’s core. 

 

The hot water and the steam which is coming out from the earth core usually contain Hydrogen 

Sulfide, which smells like rotten eggs. Besides Hydrogen Sulfide, many other environment harmful 

gases and chemicals that can also come out through the geothermal wells. Compared to coal and oil-

fired power plants, geothermal power plants produce only 3% of the sulfur compounds [3]. 

 

Some geothermal power plants use scrubber systems to clean the hydrogen sulfide plus other 

contaminated air  and convert them into marketable products, for example liquid fertilizer. Newer 

geothermal power plants have ability to inject these gases back into the geothermal wells [3]. 

 

Besides, most of the geothermal wells extract the heat to the environment, but by injecting water can 

also help to cool down the geothermal plants, but on this re-injecting process can cause micro-

earthquakes. These micro-earthquakes’ magnitude may be very small to be felt by people but it can 

quake at threatening level and cause the geothermal plant to shut down. 

 

Geothermal power plants are compatible with variable environments – it can be built in deserts, in 

the middle of crop-fields, in the forest and even by the mountain. 

 

Compared to other fossil fuel plants geothermal power plants do not burn fuels to generate electricity 

and emit 1- 4% carbon dioxide (C02) [12]. A very well-designed binary cycle power plant has no 

emissions at all. In binary systems geothermal plants do not require enormous amounts of freshwater 

but it need certain amount water as a heating agent, which is not exposed or evaporated. If the water 

evaporates with harmful substances (e.g. arsenic, boron, fluoride etc.) the binary system can absorb, 

recycle and release these substances into the atmosphere as non-toxic steam. However, if the toxic-
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fluid leaks into the underground water systems, it can contaminate drinking water and aquatic 

habitats. 
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5 Geothermal and other Energy 

 
According to the experts, geothermal energy is cleaner, efficient, and cheaper than other fossil fuels. 

This energy is collected without burning any fossil fuel and the geothermal energy plants releases 

very little amount of carbon dioxide, nitrous oxide or sulfur gases.  

 

Reykjavik in Iceland, known as one of the world‘s cleanest cities because 95% of their buildings are 

using geothermal energy [24]. 

 

Compare to other fossil fuels, it doesn’t have energy transportation cost, because the energy is 

generated right near the plant. It also can run consistently 24 hours a day and 365 days a year, which 

makes it more reliable than other fossil fuel energy plants or even nuclear plants [13]. 

 

To build a geothermal energy plant is expensive, and drilling wells can cost near about $4 million. 

And to install a home geothermal pump system, it may cost $30 thousand [14] and this cost will pay 

off by itself in 5 to 10 years [15]. But this home based geothermal system can reduce the energy bills 

up to 40% compare to other energy systems [14]. 

 

This energy is also renewable as after extracting the heat from the water the system injects back the 

water into the earth. 

 

At present about 7 thousand megawatts [16] of geothermal energy is producing around the world. 

And only USA is producing 2.7 thousand megawatts, this is equivalent to burn 60 million barrels of 

oil per year [16].  

 

The availability of geothermal energy is much higher than we are harvesting now. This is not only 

for the limited geographic availability but also for the cost and the drilling difficulties in energy 

harvesting wells. This drilling technique need to be developed to drill deeper. But at present, the 

geothermal heat pumps are the most viable option, which can be installed almost anywhere in the 

world because the temperature beneath the ground always remains constant. 
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Geothermal energy not only draws the natural heat of the earth and produce energy but also it is most 

reliable than other energy sources. Other clean energy, such as solar and wind energy needs 

appropriate sun or wind to produce energy, which makes them weather dependent energy  source, 

but on the other hand geothermal energy does not depends on uncontrollable outside forces. 

 

In terms of solar or wind energy, it is necessary to meet the specific natural conditions, which means 

a perfect location where enough sun or wind present. But for the geothermal systems are less 

constrained by natural topography. It doesn’t require as much as land to produce energy compared to 

other green energy power plants. It has be observed that to produce same amount of energy a 

geothermal energy plant need 10% of the land than a solar power plant [17].  

 

5.1 A Comparison of Wind, Solar and Geothermal Energy 

Sources 

Like geothermal energy, the wind and solar energies do no deplete precious earth resources plus they 

all are green energy, which means they all are non-harmful for the environment. But they all are 

indifferent in terms of costs and environmental imprint. 

 

In wind energy system, it has been seen that when the wind turbine rotate, it makes a detrimental 

effect on local wildlife and also when the blades spin they strike birds and bats which case them 

death. 

 

In case of solar system, although capturing sunlight doesn’t harm the environment, but the 

production of the sun ray collectors and the storage containers can cause pollution. It is also more 

expensive to produce electricity from the sun than from fossil fuels. It is also costly to make solar 

equipment. Only half of the day energy can be harvested due to sunlight availability, and also during 

the winter or during the cloudy climate when the daylight is less the production of energy via solar 

system decrease. 

 

Inside the earth where is the core, it is extremely hot and the temperature can be above 6000 °C [18]. 

This heat gets trapped in rocks or in magma and remains underground as a geothermal reservoir. And 
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energy can be harvested there from steam or hot water by extracting the heat and inject back the 

water into the earth. This heat can be converted to electricity and this system case less emissions and 

environmental impact. It is reliable and always available with increasing efficiency. 

 

Geothermal is a renewable energy, which means, it cost almost nothing to produce. Though it has an 

expensive construction process but it has less environmental or geographic impact. 

 

Due to the location and the amount of daylight all through the year the solar system totally depends 

on the weather conditions and it has been found that current solar panels produce less than 25% of 

the energy what they could have produced if there was constant amount of daylight all through the 

year [19]. 

 

Also the wind energy, which also depends on weather patterns smog levels, terrain, vegetation and 

nearby geographic or man-made developments alter the wind patterns. Thus the wind speed varies 

and modern wind turbine can produce 70-85% electricity all through the year [19]. 

 

On the other hand, geothermal heat sources never depend on any external factors like wind or sun, 

and so far they are most reliable and renewable source of energy. Geothermal power plants can run 

almost 24 hours a day and 365 days a year, and their power generating efficiency is up to 95% [19]. 

 

The current price-per-kilowatt hour for each of these renewables is – Geothermal $.06-$.10 per kWh, 

Wind $.04-$.07 per kWh and Solar $.21-$.081 [19]. 

 

There is also a concern about land and visual impact in terms of any power plant establishment. 

Every power plant does present’s its typical scenario while it is ruining and producing energy. In 

figure 5.1, we can easily see that by placing wind turbine the scenario of Palm Springs, CA; has 

changed. On the other hand, by installing a geothermal plant (see figure 5.2) in Mono County, CA; 

still keeps the natural scenario of this area. 

 



25 
 

 

Figure 5.1: Wind farm on Interstate 10 near Palm Springs, CA [19]. 

Both wind and solar energy plants need to work on wide open area where enough wind and sunlight 

is available. They also require more units to provide adequate power, for example, the sun doesn’t 

provide same energy at the same place all the time and it needs a large area to collect energy at a 

useful rate, and every wind energy plant comes with 200 to 300 feet tall turbines which have to 

spread over a huge area. So, in both of these energy plants need more area to produce sufficient 

amount of energy.  

 

On the other hand geothermal power plants have almost no visual impacts. Compare to wind or solar 

energy it require very small area to produce continuous energy 24 hours a day. It also doesn’t need 

storage, transportation, combustion of fuels, not even CO2 emissions. Only steams are visible. So, the 

scenarios of these geothermal plants are very different and these qualities reduce the overall visual 

impact. 
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Figure 5.2: Plenty of green at the Mammoth Pacific Geothermal Power Plant at Casa Diablo 

Geothermal Field, Mono County, CA [19] 

 

5.2 Geothermal Energy Use Compared to Other Renewables 

According to the International Energy Agency (IEA), all energy that are used by the end users 

(excluding electricity but including the energy that used by the electric utilities to generate 

electricity) are described in terms of Total Primary Energy Supply (TPES).  

 

The following tables are based on data from the IEA publication …. 

 

The following table shows the TPES in world during the whole year 2004, which was 11,059 Mtoe 

(Million Tonnes of Oil Equivalent). Of which 13.1% or 1,448 Mtoe came from renewable energy 

sources [20]. 
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Table 1.  2004 Fuel shares in World Total Primary Energy Supply [20]. 

Fuel Percentage Mtoe 10
6
 TJ 10

6
 GWh 

Oil 34.3 3,793 158.8 44.1 

Coal 25.1 2,776 116.2 32.3 

Natural Gas 20.9 2,311 96.8 26.9 

Nuclear 6.5 719 30.1 8.4 

Non-Renewable Waste 0.2 22 0.9 0.2 

Renewables 13.1 1,448 60.6 16.8 

 

In table 2, the renewables are expanded in detail, were 3.2% or 242 Mtoe came from Geothermal. 

 

Table 2.  2004 product shares in world renewable energy supply [20]. 

Renewables Percentage Mtoe 10
6
 TJ 10

6
 GWh 

Biomass 79.4 1,150 48.1 13.4 

Hydro 16.7 242 10.1 2.81 

Geothermal 3.2 46.3 1.94 0.549 

Wind 0.5 7.24 0.303 0.084 

Solar/Tide/Ocean 0.3 4.43 0.182 0.067 

 

In terms of electricity production, renewables and fossil fuels are shown in Table 3. Where 17.9% 

electric productions are from renewables, of which 0.8% are from geothermal [20]. 

 

Table 3.  Fuel sharing in world’s electricity production in 2004 [20]. 

Fuel Percentage Mtoe 10
6
 TJ 

Oil 6.7 119 1.38 

Coal 39.8 705 8.20 

Natural Gas 19.6 347 4.04 

Nuclear 15.7 278 3.23 

Non-Renewable Waste 0.3 5.31 0.00618 

Renewables 17.9 317 3.69 

 

Among the OECD (Organization for Economic  Cooperation  and  Development)  countries 
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electricity production by geothermal 2.0%, biomass 12%,  wind 5.4%, solar 0.12%, tides 0.04%, 

which makes OECD countries supply 21.8% of world renewables [20] while consuming 49.8% of 

world TPES. A summary of renewables for OECD countries is shown in Table 4. 

 

Table 4.  OECD countries electricity production in 2004 from renewals [20]. 

Renewables 
Net Capacity 

(MWe) 

Electric Energy 

(GWh/yr) 

Load Factor 

(%) 

Biomass 30,000 196,000 74.6 

Hydro 428,000 1,343,000 35.8 

Geothermal 5,900 35,000 67.7* 

Wind 43,000 77,000 20.4 

Solar/Tide/Ocean 300 600 22.8 

TOTAL 510,000 1,650,000 37.0 

 

*Based on country updates summarized in Berani, 2005, the capacity factor 73% 

 

According to the IEA2006 report, USA produced 16,729 GWh/yr of electricity in 2004. On the other 

hand, Germany produce 2 GWh/yr and China 96 GWh/yr, which makes them less electricity 

production counties by geothermal compared to USA [20]. 

 

 

 

 

 

 

 

 

 

 

 

 

 



29 
 

6 Conclusion 

 

From 1990, the renewable energy sources are growing average 1.9% per year. The growth of wind 

energy is 24.4%, liquid biomass 8.1%, solid biomass 1.6% [20].  

 

According to the World Geothermal Congress 2005 (WGC2005), from 1995 the growth of 

geothermal energy was “almost two-fold for direct-use (6.6% annually without heat pumps) and 1.3 

times for electric power capacity (2.7% annually).  The growth for direct-use was almost two-fold 

(6.6% annually without heat pumps) and 1.5 fold (4.1% annually) for electricity  generation [21-22]. 

In North America and Europe the annual growth of the geothermal energy production by heat pumps 

19.6% but worldwide this rate is 23.6% [20].  

 

In sense of cleaner, environment friendly and sustainable energy system the geothermal energy plays 

a very important role in the world. It is one of the renewable energy sources that can supply 

continuous base load power just like fossil fuels. Since 1980, the price of the electricity from 

geothermal plants is declining. In USA to produce one kilowatt-hour of electricity from geothermal 

facilities cost about $0.08 that is also included a production tax credit in USA [23].  

 

It is also possible to use geothermal resources as a heating source for homes and businesses in any 

location. Geothermal heat founds everywhere under the earth surface but the conditions that make 

water circulate to the surface are found only in less than 10% of Earth's land area [4]. 

 

Many oils and gas fields are under observation to find the possibility to produce electricity by 

geothermal. Many existing oil and gas reservoirs has significant amount of high-temperature water 

and high-pressure conditions, which allows to produce electricity from oil or gas, and at the same 

time these wells can be used for geothermal energy production. 

 

According to MIT (Massachusetts Institute of Technology) in USA reported that there is a possibility 

to develop 44,000 MWs of geothermal electricity in oil and gas wells by 2050 in USA [4]. To 
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increase the base load electricity in USA a 10 years development project is started. 

 

To increase the production and decrease the energy cost more down, other countries can take initial 

steps in co-producing electricity.  
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