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Geothermal energy promises to be part of the 
future energy mix in the UK: a carbon-neutral, 
home-sourced, sustainable and reliable source 
of heat and power which can help UK become 
more self-sufficient and resilient with respect to 
energy. However it is often omitted from 
conversations about de-carbonisation and 
security of our future energy supplies. 
 

What is geothermal energy?  
 
Geothermal energy is produced from naturally 
occurring radioactive decay within the centre of the 
Earth. The heat generated radiates from the centre 
of the Earth to its surface. Geothermal energy should 
not be confused with ground source heat that lies 
within a few tens of metres of the surface and 
results from solar warming of the Earth. Geothermal 
systems generally comprise a geothermal well or 
borehole for extracting geothermal fluid 
(abstraction well) with an above ground heat 
exchanger that removes heat from the fluid stream 
and a further well (injection well) whereby fluids 
are returned (or recycled) underground. The fluids, 
extracted if hot enough, are used to produce power 
or provide heat. 
 
Geothermal energy systems offer a supply of secure, 
low carbon energy - without the variability 
associated with other low carbon technology 

options. Around half of the energy consumed in the 
UK is used for producing heat. This demand for heat 
could be met in part by developing geothermal 
systems to offset the use of conventional fuels for 
energy generation.  
 
The UK Geothermal resource was mapped by the 
British Geological Survey in the 1980s in response to 
the oil crisis and this identified a variety of 
geological settings that have geothermal potential 
having temperatures of between 50oC and 150oC. 
The UK currently has one existing and locally 
successful, Geothermal energy system at 
Southampton that was developed as a direct result 
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of the 1980s survey. The geothermal part of the 
scheme supplies around 4MW of heat to a range of 
commercial customers with associated carbon 
savings of 10kt/yr. More recently, three deep 
geothermal wells were drilled in the UK by members 
of the new BritGeothermal Partnership supported 
by DEI. 
 
1. Addressing the Myths 
 
You do not need volcanoes for geothermal 
energy 
 
Non-volcanic regions still have viable (albeit lower 
temperature) geothermal resources. For the UK, this 
includes the buried granite bodies and their 
associated faults and fractures created during past 
geological eras of tectonic activity (for example the 
North Pennines, Cornwall and the Grampians). 
There is also geothermal potential in vast, kilometre 
thick, layers of sedimentary rock at depths of 2-4km 
below the surface which are capable of storing and 
transporting water. As could be said for many earth 
derived energy (geoenergy) systems, there is a need 
to be more creative about the settings we explore as 
potential energy targets. For Geothermal energy this 
could include extracting heat from abandoned mines 
or mature oil wells.  
 
Heat is as important as electricity 
 
Much focus is placed upon deriving electricity from 
low carbon resources however around half of the 
energy consumed in the UK is used for the 
production of heat. Therefore, finding alternative 
sources of low carbon heat is key to meeting 
reduction targets. Approximately two thirds of this 
total can be assigned to the domestic sector of which 
the majority (83%)1 is used for space and water 
heating resulting in carbon emissions of 24Mt per 
annum2.  

 
The deep geothermal resources available within the 
UK could provide over 100GW of heat, which could 
supply sufficient heat to meet the UK domestic space 

heating demand. Additionally there is the potential 
for modest (9.5GW) power generation. 
Geothermal energy is not a new technology 
 
Less than 1% of the Earth’s geothermal potential is 
currently exploited. However, geothermal energy 
has been used for millennia through the use of hot 
springs for heating, bathing and minerals. In 1904, 
Larderello, Italy introduced the first operational 
large-scale geothermal power plant. Globally, China 
is the largest producer of geothermal heat; the USA 
is the largest producer of geothermal power.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The UK’s Geothermal Resources 

 
“UK geothermal resources could supply the entire UK 
heat demand for 100 years with the potential for some 
power generation. 3 “ 

 



 

 

 
 
 
 

 
 
 

 

Other countries that already exploit low 
temperature geothermal energy: 
 
Granite systems 

France: Soultz-sous-Forêts, well depth 4.2km, 
electricity output 1.5MW 

Germany: Landau, well depth 3.3km, electricity 
output 3MW 

Sedimentary Basins 

France: Paris Basin, well depths 1.6 to 1.8km, 
provides enough heat for 170,000 homes 

Hungary: Panonian Basin, well depths 1.0 to 2.0 km, 
heats around 500,000m2 of glasshouses and 9000 
dwellings 

Abandoned Mines 

Canada: Springhill Nova Scotia water from warm 
springs coming from the mines at temperatures of 
18oC is used to heat an industrial park 

Netherlands: Heerlen, water is drawn from 700m 
below surface at 28oC and used to heat and cool a 
range of buildings 

 

 
3. Exploiting the Opportunities 
 
One way of reducing the risks and costs of 
geothermal exploitation is to use sites that have 
been proven to deliver volumes of fluid (either 
hydrocarbons or water) over decades, and whose 
performance has been monitored and recorded. 
Most abandoned UK coal or metal mines are flooded 
with water at temperatures between 12 and 18°C. 
Although of lower temperature than deep 
geothermal systems, these resources provide a 
source of low-grade heat that can provide both 
warming and cooling to buildings. Many of these 
mine water resources are located beneath our towns 
and cities. Sources like abandoned mines are ripe for 
heating communities, which can in turn extend the 

2. Identifying the Challenges 
 

A key challenge initially is identifying the right rock 
formations for geothermal production through 
analysis of geophysical surveys and deep drilling 
data. “Geothermal targets” need to be of suitable 
depth and temperature and also have characteristics 
such as pore spaces, voids or fractures that enable 
them to store and transmit water. Information is 
currently lacking for some areas about the UK 
geology at depths likely to be targeted for 
geothermal exploration. 
 
Drilling wells is expensive whether for oil, gas or 
geothermal (around £0.5M per km for a basic 
geothermal test well). For geothermal, the initial 
investment would generate low-carbon benefits 
which would last for decades after drilling In 
situations where rock formations are found to be 
less good at transmitting water than hoped, 
technology is available to enhance the process. Rock 
water bearing capacity can be increased by pumping 
high pressure water down the well which promotes 
fracturing of the target rock formation at depth. 
 
For Geothermal heat systems it is especially 
important to define a market for the energy 
produced as heat is generally less portable than 
electricity. This means that a geothermal source has 
to be identified closer to the users and there ideally 
should be a mix of users to maximise the resource 
use. There are several suitable geothermal sites 
close to urban areas in the UK. DECC funded 
research undertaken in 2009 concluded that up to 
14% of the UK’s entire heat demand could be 
delivered by heat networks. Geothermal heat is 
compatible with district wide heat networks that 
can provide a cost-effective and viable alternative in 
areas where it is not technically possible or 
economically feasible to retrofit individual buildings 
with renewable micro-generation. 
 
 
 



 

 

 

supply of heating fuels and reduce the carbon 
emissions associated with the provision of heating 
and cooling. Minewaters have been used to heat 
several small developments in the UK and are being 
investigated as a source of district wide heat in Fife, 
Cumbria, Glasgow and Stoke. 
 
Mature oilfields (i.e. those that are declining in oil 
output) commonly produce vast quantities of water 
(up to 90% of the total fluid volume produced from 
the well). Operational wells have potential for 
geothermal systems and the re-use of existing wells 
can halve capital costs. Drawbacks to this are that 
the well may not be located exactly where it is 
needed, and may require some modification. 
 
4. Further Action 
 
Improving our understanding of the UK’s subsurface 
geology at depth and increasing confidence in the 
application of geothermal systems is key to their 
wider deployment. This could be achieved by: 
 

 Investing in deep drilling and geophysical 
surveys is crucial for many of our future energy 
supplies (including geothermal and shale gas) 
and mitigation (such as carbon capture and 
storage) options. This is anticipated to identify 
additional resources that were not discovered 
during the 1980 survey thereby increasing the 
resources available to the UK.  

 Funding Research and development into power 
cycle technology that facilitates generation from 
lower temperature resources and could expand 
the available geothermal resources to cover an 
even wider range of energy needs and increase 
confidence in the UK’s geothermal energy 
resources.  

 Supporting local authorities and helping them 
to negotiate a realistic balance of risks and 
returns so that they can capitalise on 
geothermal opportunities within their areas by 
engaging with academia and industry 

Background  
 
Durham Energy Institute draws on the expertise of 
world-leading researchers across Durham 
University with a membership spanning 
departments in Science, Social Science and 
Humanities. We nurture research on a wide-range of 
energy technologies including geo-energy, 
renewables generation (wind, solar, hydro, bio) and 
integration, bio-fuels, smart grids, and nuclear. 
Building on this expertise we emphasise a ‘Science 
and Society’ approach to energy which tackles the 
societal aspects of energy technology and explores 
the political and economic implications of 
technological developments. The DEI Energy Policy 
Group consists of energy experts from across the 
university who are able to comment on energy 
policy issues. 
 
DEI supports the BritGeothermal partnership 
which comprises the Universities of Durham, 
Glasgow and Newcastle and the British Geological 
Survey. The partnership was established as a focus 
for deep geothermal energy research both in the UK 
and globally. The consortium combines expertise 
from drilling the most recent deep geothermal wells 
in the UK. www.britgeothermal.org    
 
1https://www.gov.uk/government/statistics/energ
y-consumption-in-the-uk 
2https://www.carbontrust.com/media/84936/ctc6
03-the-carbon-emissions-generated-in-all-that-we-
consume.pdf 
3Gray, D., R. A. Downing, and British Geological 
Survey, Keyworth (United Kingdom);. Geothermal 
energy–the potential in the United Kingdom. HMSO 
for, 1986. 
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