
Created by Imaginatives Group 

Geothermal Energy: Renewables and Green Hydrogen in KwaZulu-Natal  



Cover Image - Nesjavellir Geothermal Plant, Iceland



East African Rift Valley Tanzania



4 © Imaginatives Group Limited 2021 



Imaginatives is based in London’s Covent 
Garden, an area with a rich history back to 
Saxon times, which remains the heartland 
of British creativity. 
 
Imaginatives brings three decades of 
global experience to bear. Its professionals 
were there to pioneer Sustainable 
Development long before the United 
Nations goals were formulated. And before 
it was fashionable.  
 
The  economic visions, masterplans and 
investment propositions created by 
Imaginatives take projects from concept to 
completion.  
 

Imaginatives covers everything that is 
required, whether design, engineering, 
technology, investment, infrastructure, 
social or other key elements. 
  
The firm is interested in delivering future 
focussed objectives at scale, with lasting 
value, that truly make a difference.  
 
The big things, the big challenges and the 
biggest differences to be delivered in the 
shortest time. 
 
 
Creatively handling complexity
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Executive Summary 

 

 

 

This document has been prepared by Imaginatives Group to summarise an 

opportunity to develop a geothermal field in KwaZulu-Natal, South Africa. 

 

For proprietary reasons, the field is not described in any detail.  

 

The opportunity has arisen because of research undertaken by a joint British and 

South African team which has provided evidence for the existence of a hot 

plume deep in the Earth’s Mantle beneath this region, which is considered to be 

connected to the well established uplift of an extensive area. 

 

Imaginatives Group already collaborates with an eleven nation group of 

prominent researchers and commercial entities which are among the world’s 

leading experts in geothermal energy. It is proposed to further this collaboration 

through the execution of a multi-year strategy to develop the geothermal 

resources of KwaZulu-Natal in association with national South African enterprise, 

subject to all necessary approvals. 

 

To achieve these aims, a three phase programme is outlined which will 

characterise the nature and extent of this novel geothermal resource and 

provide all necessary data from which to further decide prospects for full 

commercialisation in order to provide electricity, heating and/or cooling. The 

prospect of creating a Green Hydrogen Economy from geothermal resources 

will also be considered. 
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Geothermal Energy 
KwaZulu-Natal Potential 
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Geothermal 

 

Geothermal energy is heat derived within the sub-surface of the earth. Water and/or 

steam carry the geothermal energy to the Earth’s surface. Depending on its 

characteristics, geothermal energy can be used for heating and cooling purposes or 

be harnessed to generate clean electricity. However, for electricity, generation high 

or medium temperature resources are needed, which are usually located close to 

tectonically active regions. 

 

This key renewable source covers a significant share of electricity demand in 

countries like Iceland, El Salvador, New Zealand, Kenya, and Philippines and more 

than 90% of heating demand in Iceland. The main advantages are that it is not 

depending on weather conditions and has very high capacity factors; for these 

reasons, geothermal power plants are capable of supplying baseload electricity, as 

well as providing ancillary services for short and long-term flexibility in some cases. 

 

Background  

 

Two of the major challenges the world faces are climate change and energy supply. 

Both are inextricably linked. Both require development of low carbon technologies.  

 

To date, more attention has been paid to the future use of renewables technology in 

solar and wind power. However, there is an increased appreciation that geothermal 

energy and its generation of electricity, heating and cooling, can create affordable, 

sustainable, clean and reliable sources of energy from naturally occurring resources 

in most countries. The resource is renewable, since heat is continuously supplied at 

depth by geological processes.  

 

Hot springs have been recognised as water, bathing, healing and heating resources 

since the beginning of civilisation. But the appreciation that these surface 

phenomena express often deep-seated energy from circulating geothermal fluids is 
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something which has only been understood in modern times.  

 

The hydrocarbon era has led to many advances in drilling and extractive techniques. 

Specialist developments from this era provide know-how for deep extraction of 

geothermal fluids. 

 

Once extracted heat from geothermal fluids can be transformed into mechanical 

energy then electricity using a generator. The fluid sent to the turbine can be the 

geothermal fluid extracted from the subsurface  - direct (Dry Stream) or flash steam 

systems (>180 °C),  or a secondary fluid heated by the geothermal fluid through a 

heat exchanger - binary systems (< 180 °C). 

 

Fifty years ago, the limited number of installed geothermal plants used high 

temperature (over 250 °C) resources with direct or flash steam turbine technology. 

But with the development of binary cycle technologies that can produce electricity 

from lower temperatures (as low as about 110 °C), geothermal plants were then set 

up in other countries. 

 

Geothermal energy is one of the most affordable renewable energy sources with 

least cost over the full life cycle of any project.  

 

Importantly, geothermal technologies will achieve a lower environmental footprint 

than any other renewable energy source. 

 

Geothermal in Europe 

 

EU is a world leader in the global geothermal market, and nowadays has 102 

geothermal power plants in the seven countries with a total installed capacity 

amounting to around 2.5 GWe, producing some 14.6 terawatt-hours (TWh) of 

electric power every year. 

 

There is considerable potential for electricity generation from geothermal sources in 

Europe, especially when the new generation of technologies for enhancing heat 
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A typical doublet/triplet 
system for fluid 
management: a production 
well (in red) for 
extracting hot fluids from 
the underground; 
an injection well to re-inject 
fluid cooled after 
heat utilization (in blue). A 
third well can be 
added for production or 
injection.



extraction become competitive.  

 

Estimates suggest a cost (Levelised Cost of Electricity, LCoE) value of less than 150 

€/MWh for 2030 and less than 100 €/MWh for 2050. European targets are to reach 

an LCoE of 10 €/MWh within a few decades. 

 

The total geothermal electricity potential in the EU is 34 TWh. This could represent 

about 1% of the projected total electricity supply in 2030 but substantial cost 

reductions through innovation should lead to coverage of as much as 50% of the 

projected electricity supplied in Europe by 2050. The natural resources for this 

transition are available in most European countries. 

 

In addition to electricity, the heating and cooling sectors represent nearly 50% of 

Europe’s energy demand. Geothermal energy is becoming increasingly attractive as 

a competitive renewable heating/cooling source, as the energy sector seeks to 

address the dual challenges of climate change and energy supply. It also provides 

flexibility in the supply of heat and cold (H&C) to single houses and in combination 

with geothermal heat pumps, able to provide heat to whole cities or city quarters 

through large district heating (DH) networks. 

 

Deep Geothermal installations require the extraction of fluids from underground and 

their reinjection after use, in a typical doublet or triplet system. The heat from the 

fluids can be used directly or enhanced by ground source heat pump (GSHP) 

technologies to raise of lower temperatures of geothermal fluid. System sizes can 

vary from 0.5 MWth to more than 50 MWth.  

 

Iceland has led the world in geothermal district heating (GeoDH) for almost a 

century. Italy was a pioneer and nations such as Netherlands are leaders in the field. 

Today, Europe has 280 plants for GeoDH in 24 countries representing a total heating 

capacity of 4.8 GWth which supplied 12.9 TWh of heat in 2015 but is set to expand 

with more than 160 new plants under construction.  

 

In addition to district schemes, there are a growing number of industrial applications 
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of deep geothermal energy all over Europe in such applications as bio-refineries, 

desalination and novel industrial applications. Geothermal plays also an important 

role for agriculture, providing heat to greenhouses in both cold and temperate 

climates. 

 

New geothermal technologies make it technically and economically feasible to 

deliver hot fluids even in areas with an average or low geothermal gradient, by 

enhancing heat extraction, going deeper, or with the help of heat pumps to lift the 

temperature. High temperature geothermal sources will also drive absorption 

chillers, making deep geothermal a unique energy source for fourth generation 

district heating & cooling (DHC) networks and for industrial processes. 

 

For modern energy efficient buildings, which can operate at relatively low supply 

and return temperatures of 40 °C and less, next generation district heating systems 

will be able to use geothermal resources extensively. Use of demand site 

management or thermal energy storage will make it possible to balance heat 

demand and supply in a DH network using water storage tanks to balance daytime 

fluctuations in demand, large underground seasonal storage systems, or thermo-

chemical storage systems, all of which will improve profitability of geothermal 

systems. 

 

Further opportunities for systems efficiency lie in development of cascading 

applications, where different types of domestic, industrial or commercial use of 

geothermal fluids can range from higher to progressively lower temperatures each 

forming part of a chain. Inclusion of deep geothermal in the energy mix can balance 

energy flows in DHC networks that integrate multiple renewables (over all energy 

vectors). 

 

Geothermal in other regions 

 

The largest geothermal plant in the world is called the Geysers Geothermal 

Complex, located in the United States, with a capacity of 900 megawatts. It is made 

up of 22 power plants and spread over several kilometers, located north of San 
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Predator Drill

Geothermal Plant

Another option is  use of 
single well systems, which do 
not require geothermal fluids 
to be present, but rely on 
geothermal gradients and 
heat exchangers (similar to 
ground source heat pumps) in 
order to provide direct heating



Francisco. It sits on top of a deep magma chamber that spans over 30 square miles. 

The United States also has one of the highest installed capacities of geothermal 

power in the world. The thermal efficiency of geothermal plants is low due to the 

relatively low temperatures of geothermal fluids; however, its capacity factor tends to 

be high as it relies on a stable source of energy, unlike wind or solar. 

 

Asia has some of the largest geothermal resources in the world. Indonesia and the 

Philippines, for example are in the process of developing some of the biggest 

geothermal projects. 

 

Along the length of the East Africa Rift system, geothermal developments are 

underway, many, like Tulu Moye in Ethiopia expect around 150MW of geothermal 

power generation from early wells. But the prospects for geothermal are 

geographically extensive and allow exploitation of much deeper resources than 

presently planned. 

 

Hot Spots 

 

Geothermal heat can be used by countries that sit over magma hot spots, including 

the following: 

• Volcanic regions that border the Pacific Ocean (known as the Ring of Fire) such 

as the USA, Mexico, Central America, Japan, Phillipines, Indonesia and New 

Zealand 

• Volcanic chains that form along mid-ocean or continental rift zones: Iceland and 

Kenya; 

• Hot spots where magma plumes continuously ascending from deep in the 

mantle, such as the Hawaiian Islands and Yellowstone 

 

Typical geothermal power production uses modest heat (150°C –250°C) at relatively 

shallow depths (<3 km). Exploring and producing from deeper, higher-temperature 

plays—where extremely high-energy, supercritical fluids can be encountered is 

higher risk but potentially represents a much greater reward, as the power output 

from each well can be significantly more. In Iceland, for example, energy output for a 
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single well in these high-enthalpy systems is estimated to be 10 times normal well 

output. 

 

KwaZulu-Natal 

 

The unusual elevation (~1 km) of the eastern and southern African plateaus has been 

termed the African Superswell. It is linked to the shallow bathymetry of the 

southeastern Atlantic Ocean basin.  

 

Recent scientific investigation of helium, neon and argon isotopes in natural carbon 

dioxide gas seeps in KwaZulu-Natal confirms the existence of a hot mantle plume 

(Quathlamba) suggesting an upwelling of deep mantle beneath Southern Africa as 

the cause of the Superswell, deep melting from which is yet to result in significant 

extrusive volcanism. Tectonic plate movement reconstructions indicate that this 

hotspot moved under the continent approximately 10 million years ago, coinciding 

with several periods of regional uplift.  

 

Geothermal Energy in KwaZulu-Natal 

 

Over an extensive area, hot springs mark the general extent of a geothermal field 

with variation in geothermal gradient from normal to high. This defines a low 

temperature geothermal field at relatively shallow depths, which is, as yet, an 

untapped natural resource. 

 

Data which indicates the existence of a deep mantle plume suggests the possibility 

of a high temperature geothermal field at depth. At present insufficient data has 

been gathered from which to be able to characterise this field or the prospect it 

presents for large scale geothermal development. 

 

Should further characterisation of low and high temperature fields demonstrate 

commercially feasible opportunity, further development would allow: 

 

Power generation with supply to the existing Eskom transmission network •
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New electricity supply capacity in support of coastal developments and •

industrial zones 

Support to agricultural developments in thermal supply •

Combination of geothermal electricity supply and existing and enlarged hydro •

schemes  

Coastal renewable thermal desalination (such as multi-effect distillation (MED) or •

membrane distillation (MD), rather than electric-driven technologies such as 

reverse osmosis (RO)) at various nodes along the coast 

Generation of Green Hydrogen at scale (with potential conversion to ammonia •

for transportation to Richards Bay Port) 
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Geothermal can be developed in both urban and rural environments 

Espoo Finland



Outline Programme 
Activities & Costs 

2
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Exploration 

 

 

A three-phase process has been examined for development of geothermal  

resources which requires a $24 million budget for completion.  

 

Exploration drill planning and execution phases are followed by establishment of a 

two well production system with measured depths of 4,000 metres, below ground 

level (3,650 m TVD). 

 

Full geothermal field development plans cannot yet be provided. 

 

Dependent on the strategy adopted for full commercialisation, drilling and 

geothermal resource extraction programmes will lead to further decsions on 

production of electricity, green hydrogen or some combination of the two.  

 

Linked to this and further to scaling and capacity calculations, offtake supply 

agreements, production issues and considerations of addressable markets, further 

design and cost estimates will be required for generation plant and operational 

parameters for energy provision. 
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Top 5 Countries 

District Geothermal Heating 
Iceland 6421 GWh 
France 1335 GWh 

Germany 662 GWh 
Hungary 380 GWh 
Austria 272 GWh 

 

 

 
Top 10 Geothermal Plants 

The Geysers Geothermal Complex, California, US  1.2GW 
Larderello Geothermal Complex, Italy  769MW 

Cerro Prieto Geothermal Power Station, Mexico  720MW 
Makban Geothermal Complex, Philippines  458MW 

Salak Geothermal Plant, Indonesia  377MW 
CalEnergy Generation’s Salton Sea Geothermal Plants, US  340MW 

Sarulla Geothermal Power Plant, Indonesia  330MW 
Hellisheidi Geothermal Power Plant, Iceland  303MW 

Tiwi Geothermal Complex, Philippines  289MW 
Darajat Power Station, Indonesia  271MW
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