
Introduction to Geothermal Resource  

 

Geothermal energy comes from the Earths internal heat. Some of the Earths internal 

energy dates back from the birth of this planet, while some is produced by radioactive 

decay. Some of the internal energy remains and heats water underground. The 

resulting hot water, when transformed to steam serves as geothermal energy that can 

drive turbines. Geothermal energy exists because the earth grows progressively 

hotter with depth. The geothermal gradient varies between 15℃and 50℃ per km in 

the upper part of the crust. Where the geothermal gradient is high we find 

temperatures at relatively shallow depths, groundwater in such areas absorbs heat 

from the rock and becomes very hot.  

Geothermal energy is used in two different ways to produce heat and electricity. In 

some places, hot groundwater is simply pumped out of the ground and run through 

pipes to heat buildings, this energy is a low enthalpy resource. Elsewhere the ground 

is so hot that when it rises to the Earths surface and decompresses, it turns to steam, 

this is known as a high enthalpy resource. This phenomenon when occurring naturally 

produces geysers. Otherwise pumps lift the hot water up from the depth to create 

steam, which is then used to drive turbines and generate electricity. 

In volcanic areas like Iceland or New Zealand, geothermal energy provides a major 

portion of energy needs. However on a global basis it meets only a small proportion 

of the energy needs because only a few cities lie near geothermal resources. 

Furthermore even in geothermal regions the energy supply can be destroyed, for if 

people pump ground water out of the ground faster than it can be replenished, the hot 

water supply diminishes (Marshak 2001). 

In recent years, significant advances have been made in use of geothermal heat pumps 

for extracting energy from very low temperature resources. 

 Geothermal heat pumps use shallow ground energy to heat and cool buildings. 

Almost everywhere the upper 10ft of the Earths surface maintains a nearly 

constant temp between 10 and 16℃. The heat pump system consists of pipes 

buried in the shallow ground near the building, a heat exchanger and ductwork 

into the building. In summer, hot air from the house is pulled through the heat 

exchanger into the relatively cooler ground. Heat removed during the summer 

can be used as no-cost energy to heat water 

(www.renewablesnorthwest.co.uk/renewables/geothermal.htm).  

 Direct use technology is used where hot water near the Earths surface can be 

piped directly into facilities and used to heat buildings, grow plants in 

greenhouses and pasteurise milk, among other uses. 

 Power plants can also generate electricity from geothermal reservoirs. Wells a 

mile or deeper can be drilled into the underground reservoirs to tap steam and 

very hot water that can be used to drive turbines and generators. This option 

is not viable for UK as we do not have the resources. 
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Advantages of Geothermal energy 

Geothermal energy has many advantages. It gives off scarce emissions to the 

atmosphere compared with other forms of energy. 

 

Power generation 
Conventional 

Steam Combined cycle  Geothermal 

Technology 
Cycle coal fired 

plant Gas Turbine   

Emission Factor       

CO2 (KG/GJ) 249 112 19.4 

SO2(g/GJ) 3326 0 0 

NOx (g/GJ) 977 196.5 0 

Particulates 
(kg/TJ) 47 0 0 

 
Table 1. Comparisons of some emissions from different forms of thermal power generation (European 

Commission, 1999).  

 

Table 1 shows how small the emissions are that arrive from geothermal thermal 

energy. It is obvious to see from the figures that geothermal would be a much more 

beneficial form of energy compared to that of the steam cycle coal fired plant and the 

combined cycle gas turbine. Less emissions of CO2, SO2 and Nitrous oxides can help 

to prevent global warming. 

 

Geothermal Heat is always available when required as it has a continuous supply. 

Biomass, geothermal energy and small hydro are the only renewable energies which 

are available in a stored form without the use of an intermediary form of storage such 

as batteries. The wide range of energy conversion techniques allows geothermal 

resources to be used for many different applications. It is thought that further 

development in this sector will make it possible to use this energy practically 

everywhere once further technical advances have been made (European Commission 

1999).  

 

Geothermal thermal plants once installed have little operating costs since water, as 

the energy carrier, is continuously available. Moreover once an installed system has 

been fully commissioned it requires only a little auxiliary energy to drive the 

circulation pumps. 

 

Little space is required for a geothermal plant, storage facilities which are required 

for fossil fuels or biomass are unnecessary. 

 

Once the plant is in operation there is no need for raw materials to be transported 

which also helps in CO2 reduction. 

 

Geothermal energy is recovered in plants with conventional technical components. No 

hazardous material has to be handled. Energy transferred via water presents minimal 

risk when compared with the combustion hazards posed by the use of fossil fuels and 

nuclear power. 

 

The load factor of geothermal energy is much higher than many other energy forms 

such as wind power. It has a load factor around 65-85%, the reason for this is that it 

has to have maintenance work when too much pipe deposition has taken place. 

 

 



 

Disadvantages of Geothermal energy 

The main problem with geothermal energy is that it cannot be utilised in all places. 

The rock has to be a specific type at a depth that is possible to drill down to. Also the 

overlying rock must be a soft enough rock to drill through. 

 

During drilling or flow tests, undesirable gases maybe discharged into the 

atmosphere. Also during plant operation geothermal fluids can contain gases such as 

CO2, hydrogen sulphide and methane as well as dissolved substances whose 

concentrations increase with temperature. These can cause ecological changes, along 

with the waste water from geothermal plants having a higher temperature than the 

surface environment which therefore can constitute a potential thermal pollutant, 

however re injection can stop this problem. 

 

Electricity generation can cause other problems such as odours of hydrogen sulphide 

and an increased noise volume. 

 

New wells are needed because of deposition in pipes, this adds extra cost. In large 

plants there can be visual intrusion of escaping steam from numerous wells, this can 

lead to local opposition. 

 

There have been problems of induced seismicity and ground subsidence in areas 

where large plants have been in operation. 

 

 

 

Geothermal use Europe. 

Geothermal resources are suitable for many different types of uses but are commonly 

divided into two categories, high and low enthalpy. High enthalpy resources have 

temperatures 150℃ and above. High enthalpy resources are suitable for electricity 

generation. Low enthalpy resources are less than 150℃ and are employed for direct 

heat uses and electricity generation using a binary fluids cycle. 

Electricity is presently produced from geothermal produced steam in 21 countries 

worldwide. In Europe geothermal electricity generation is about 4,300 GWh/y 

concentrated almost exclusively in 3 countries: Italy, Iceland and Turkey. The 

generation of the same amount of electricity from an average coal fired plant would 

displace the emission to the atmosphere of 5million tons of carbon dioxide, 46,000 

tons of sulphur dioxide and 18,000 tons of Nitrous oxides and 25,000 tons of 

particulate matter every year (European Commission 1999). Direct heat uses have 

reached 4.604 Mw in Europe (European Commission, 1999). 

 

Direct Heat Uses in UK. 

Following the dramatic rise in oil prices in the late 1970s, the Department of Energy 

set up a research programme looking into the potential for alternative energy sources 

in the UK. A number of locations were identified as possible sites of deep geothermal 

aquifers which contained water at a temperature sufficient to provide heating for a 

number of buildings. Figure 1 shows the areas that were found to have potential 

geothermal aquifers, the darker areas are the aquifers. One of the main areas is in the 

south surrounding Southampton. A well was drilled in the centre of Southampton, and 

water was found at a depth of 1,800 meters at a temperature of 76℃. Now after ten 

years of operation the district scheme delivers more than 30,000MWh of heat each 

year, 1,200 MWh of power providing chilled water on tap and serves 20 major 



consumers in Southampton city centre 

(http://www.southampton.gov.uk/environment/energy/present.asp., 2005). 

 

 

Figure 1. Map of principle areas of potential geothermal aquifers in the UK 

(http://www.southampton.gov.uk/environment/energy/the-origins.asp., 2005).  

 

 

 

The original well, which currently provides about a fifth of the systems heat input, 

operates alongside combined heat and power generators. These use conventional 

fuels to make electricity. The waste heat from this process is recovered for 

distribution through the 11km mains network. Southampton’ s scheme also has 

conventional boilers for top up and standby needs.  

Circulating water is pumped around the city through 11km of insulated pipes, within a 

2km radius of the station, with just a heat loss of 0.5℃/km and it offers substantial 

capital and operating cost saving to all consumers. Power for the down hole 

circulation pumps and plant is generated at the heat station by CHP. The heat from 

the CHP generators is fed into the district heating scheme. Surplus power is sold to 

the National Grid (http://www.southampton.gov.uk/environment/energy/scheme.asp., 

2005).  The Southampton site is an excellent example of a district heating system 

scheme, of which there are too few in the UK and is an excellent example of how 

public and private sector organisations can work together. 

 

December of last year a team from University of Newcastle sunk a borehole a 

kilometre deep into the granite rock in Weardale in County Durham and they found 

hot springs. It is thought that there is enough flow of water through fissures in the 

rock to heat 4,000 homes. The hot water project will be the same size as the plant in 

Southampton (http://www.guardian.co.uk/uk_news/story/0,3604,1374575,00.html., 

Dec 2004). 
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Projections for geothermal Energy in UK 

 

Like many other countries at the present there is no possible way in which the UK 

can produce electricity from geothermal energy, however it is possible for thermal 

energy to be produced. At this point in time there is only one geothermal plant in the 

UK which is 2MW. In the Blue Book on geothermal resources it was predicted that by 

2005 there would be 12Mw altogether and by 2010 there would be 15 Mw in total 

(European Commission 1999). This prediction was incorrect and at present the plant 

at Southampton remains the only one.  

 

The European Commission also predicted that the highest theoretical projection for 

new schemes in the UK is unlikely to exceed more than 50 geothermal schemes 

across the UK. Considering since the mid 1980’ s to 2005 there has only been 

construction of one plant the prediction of 50 more plants could take place over a 

century or more from now. 

 

 Another estimate the European Commission also predicted was that one scheme 

producing 26GWh/yr of thermal energy could be developed within each geothermal 

field by the year 2005 followed by a further twenty by the year 2035, revealing a 

maximum practicable resource of 650GWh/yr. I feel that this is a gross 

overestimation. 

 

 I make my projections based on the fact that it has taken over 20 years since the 

construction of the Southampton plant for another geothermal plant to be proposed 

(Weardale), this has been proposed to be the same size as Southampton, leading to 

another 2MW by 2008-2010. It is known that technology is improving so for the later 

projections I will assume that 2 more plants will be built every 10 years the same size 

as Southampton (this assumes that low enthalpy technology improves) up to 2030. 

 

For all calculations I use 65% as the load factor. 

 Year 2000: 2MW x 8760 x 0.65= 11388.8MWh/yr 

                             11388.8/3.6=3163.6GJ 

                                              =0.003PJ 

 2010 : 2MW x 2 x 8760 x 0.65= 22776MWh/yr 

                                      22776/3.6=6326.7GJ 

                                         =0.0063PJ 

 2020 : 2MW x 4 x 8760 x 0.65= 45552MWh/yr 

                                       45552/3.6=12653.3GJ 

                                        =0.013PJ 

 2030 : 2MW x 6 x 8760 x 0.65= 68328MWh/yr 

                                     68328/3.6= 18980GJ 

                                          =0.019PJ 

 

Year Thermal energy PJ 

         2000 0.003 

2010 0.0063 

2020 0.013 

2030 0.019 
Table 2. Future projections of  

geothermal thermal energy. 

 

 



Table 2 shows that the future projections are very low for the energy provided by 

geothermal resources. The amount of energy projected for year 2030 should 

provide 30,000 houses with heating and water cooling in the summer. This also 

does not seem a lot of houses but it would save the atmosphere from tons of CO2. 

The cost of construction of the Southampton plant was £1.24 million and costs £46 

thousand per year to operate (European Commission). Table 3 gives an overall 

cost of all the projected geothermal plant construction. The costs of construction 

have been changed from the 1986 cost of construction to the 2005 cost of 

construction using the retail price index for January 2005 at 2.01 

(http://www.devon.gov.uk/dris/economic/retprice.html 2005). The price of 

construction can be expected to rise above these costs as the retail price index 

will rise in future years. 

 

 

 

 

 

 

 
Table 3 Cumulative cost of construction of geothermal plants up to year 2030. 

 

The future for geothermal energy does not look large but all helps in the 

challenge to prevent any further global warming. 
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