
Geothermal Energy 

Geothermal energy is energy from the earth. It lies deep within the Earth. The 

respective available annual energy globally is 996,000 PJ/year (PJ=petajoule=1015J). 

Currently, especially in cold countries the use of ground-source heat pumps using the 

soil as a reservoir is common. Since 99% of our planet is hotter than 1000 oC, it should 

be a pervasive renewable energy source. However, the problem is to access to this 

source. The technology of drilling is an important part of utilizing geothermal energy. 

Figure (1-a and 1-b): illustrates the cut away view of the Earth’s composition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Much of the geothermal energy is inaccessible because of its great depths, but along 

the plate boundaries, geothermal activity is close enough to the surface to be 

accessible. The active geothermal zones are the zones with the most earthquake 

activity. 

Geothermal resources characterized by their thermal and compositional 
characteristics:  
 

i. Hydrothermal or geo-hydrothermal,  
ii. Geo-pressurized,  

iii. Magma,  
iv. Enhanced geothermal systems (hot, dry rock) 

 

Hydrothermal resources  

The most limited category among the four classes. However, they are easiest to 

harvest (extracted). In hydrothermal resources, water heated and/or evaporated by 

direct contact with hot porous rock. The porous or permeable rock bounded with rock 

of low permeability. Water trickles through the porous rock and is heated (and 

perhaps evaporated) and discharged to the surface. Hydrothermal systems producing 

steam called vapor dominated, and if they produce mixture of hot water and steam 

they called liquid dominated. 

 

Geo-pressurized resources  

Include sediment-filled reservoirs and hot water confined under pressures. The fluid 

temperature is range is 150-180 oC. The pressure value is up to 600 bars. In many of 

these systems, the fluid contains methane. This is why the fluid called “geothermal 

brine” and it is highly corrosive. 

 

Magma  

On the other hand, molten rock is under active volcanoes at accessible depths. The 

temperatures excess 650 oC. 

 

Enhanced Geothermal System or Hot dry rock (HDR) 

Has the temperature in the excess of 200 oC. However, as the name implies, contain 

little amount of liquid. The method for harvesting this resource is to send the water 

under the rock and reject the heat. This method also called EGS (enhanced geothermal 

system). 

 



Geothermal Power Production 

Prince P. G. Conti in Lardarello, Italy invented in1882, but the geothermal power 

production started in 1904. In 1960, commercial production of geothermal power 

began in the USA within the Geysers Field in California. Today, the worldwide 

geothermal electricity net generation has increased to about 57 billion kWh in the year 

2007, which corresponds to 0.3% of the total electricity net generation whole over the 

world. 

Today, geothermal power production is economic viable only when:-  

i) High temperatures are found at  

ii) Relatively shallow depth.  

In regions with a normal or a slightly above normal geothermal gradient of about 3 K 

/ 100 m, one has to drill more than 5,000 m deep in order to achieve temperatures 

above 150 oC. Such deep wells are expensive and there is a high risk of failure. 

 For this reason under economic considerations, geothermal power production is 

mainly restricted to geothermal fields with extremely high temperature gradients and 

high heat flows. 

 

1 Hydrothermal (geo-hydrothermal) sources 

Figure (2) illustrates the schematic of a vapor dominated geothermal system. The 

main problem is the solid contents of the brine. The solid particles are separated by 

the means of the centrifugal separator and filtered. The vapor dominated systems 

require steam >175oC. 

 

Figure (2): Vapor dominated hydrothermal system. 



Liquid dominated hydrothermal systems are more abundant than the vapor 

dominated ones. In these systems, water is available at 150-315 oC. When the pressure 

reduced, the water flashed into a two-phase mixture. Three systems are possible in 

liquid dominated systems: 

1. flash  
2. total  
3. binary  

 

Figure (3): Schematic of the flash liquid dominated geothermal systems. 

 

Figure (4): Schematic of total flow liquid dominated geothermal system. 



One of the disadvantages of the flash system is that the brine with significant energy 

(at point 3 f) is re-injected to the well. Energy is extracted from the vapor phase only. 

Since re-injection of too much energy results in low efficiency in flash systems, a 

solution is proposed in total –flow concept design, the turbine is replaced by a mix-

flow expander that extracts energy from the vapor liquid mixture (Fig. 4). The mix-flow 

expander is a type of biphase turbine. 

Another common system being utilized by a number of existing geothermal systems 

is the binary system (Fig. 5). In flash systems, when a steam phase separates from 

boiling water, CO2is the dominant (over 90% by weight) non condensable gas. In most 

geothermal systems, non-condensable gases make up less than 5 % by weight of the 

steam phase. For each megawatt-hour of geothermal electricity produced in USA, for 

example, the average emission of CO2 is about 18% of that emitted when natural gas 

is burned to produce electricity. In binary systems, since all of the produced fluid is 

injected back into the reservoir there is no emission. 

Figure (5): Schematic for the binary liquid dominated geothermal system. 

In these systems, two fluids are involved: the hot brine and a working fluid (generally 
a hydrocarbon). The working fluid circulates in the closed portion of the system. The 
working fluids include propane, isobutene, isopentane, and water ammonia. The 
boiling points of these fluids are lower than that of the water. The special attention in 
these systems should be given to the heat exchanger design. Only the heat exchanger 
and hot brine transport components are exposed to the harsh and corrosive brine 
conditions.  
 
It should be noted that the Rankine cycle efficiency for the organic fluids used is little 

different to that for water/steam between the same two top and bottom cycle 

temperatures. The cycle efficiency is slightly low for the organic fluids ?Q?. Even 

though the cycle efficiency is about the same value, in the two cases, the overall 



efficiency, which is proportional to the generated electrical energy, is considerable 

higher for the organic fluid ?Q?. 

 

2 Enhanced geothermal systems (EGS) These systems involve injecting water into the 

source and circulating it through the dry rocks. Because of the low thermal 

conductivity of the rocks large surface areas are necessary. The rocks can be fractured 

by sending pressurized water (at 200 atm. for example). An example of such an 

application is present in (Fig. 6). 

Figure (6): Schematic of an EGS power plant.  

Direct Use of Geothermal Energy (Ground Source Heat Pumps)  
 
The heat pump is a "device which absorbs heat at a certain specific temperature (cold 
side) and releases it again at a higher temperature level (warm side) after adding drive 
work”. Hence, a heat pump can withdraw thermal energy from a heat source at a low 
temperature level (e.g. ambient air). A few meters below the surface, the ground 
temperature remains nearly constant. Using the ground as a heat source/sink allows 
improved performance over a heat pump using the atmosphere as heat source/sink 
(conventional heat pumps) as shown in Fig. (7).  
Conventional heat pumps possess COP values of around 3, while GSHPs (geothermal 

source heat pumps) have COP values approaching 4 ?Q?. However, GSHP systems cost 

twice that the conventional heat pump systems. 

In a closed loop system, a loop is buried in the earth around the home. Virtually all 

loops built today use high-density polyethylene (HDPE) pipe. This type of pipe is 

specifically designed to be buried in the ground and is marked “geothermal” or “geo”.  



In an open-loop system, ground water drawn up from a well and through the heat 

pump, then typically pumped back into a return well. New water always being pumped 

through the system when it is in operation. It called an open-loop system because the 

ground water is open to the environment. 

 

 

 

 

 

 

 

 

 

 

Figure (7):  GSHP ground loop configurations a) Closed loop horizontal, b) closed loop 

vertical, c) Open loop. 


