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ABSTRACT
South Africa is located in a geological stable zone. Despite this, the country is relatively well endowed with thermal springs. Eighty
seven thermal springs, with temperatures ranging from 25˚C to 67,5˚C have been documented to date. This paper focuses on the
evaluation of available geothermal resources in the country. Parameters used in the evaluation include thermal springs, heat flow,
and temperature at depth, geology, geophysics, and hydrogeology. Based on the available resources such as a geothermal potential
map, and identified thermal springs, electricity generating system such as binary-cycle geothermal plants are proposed. The results
of this study suggests that low-enthalpy geothermal energy can be a viable alternative form of energy, with possible locations in the
Proterozoic Namaqua-Natal Mobile Belt and Limpopo Belt.
1. INTRODUCTION
The Republic of South Africa is located at the Southern tip of Africa. It stretches from 22˚ to 35˚ S and 17 to 33˚E. Its surface area
is 1 219 090km2. It is divided into 9 provinces. To the north lie the neighboring countries of Namibia, Botswana, and Zimbabwe;
while Lesotho is an enclave surrounded by South African territory. It is the 25 th largest country in the world by area and its
population is about 51 million (OpenEI, 2014) http://en.openei.org/wiki/South_Africa
The South African economy is energy intensive and is based on primary extraction and the processing of coal and uranium. This
makes South Africa the leading carbon emitter in Africa and fourteenth biggest emitter in the world. In 2011, South Africa
produced 253Mt of coal, which made the country the 7th largest coal producer and 6th largest coal exporter in the world. Coal is
plenty and can be extracted cheaply. South Africa continues to research and develop alternative forms of energy from sources such
as nuclear, oil and gas, hydro and renewables (solar and wind). Geothermal energy has not been considered to date as an alternative
source of energy. This is because South Africa is considered tectonically stable (Dhansay, de Wit and Patt, 2014, 1; Enerdata, 2013,
13).
Table A below shows the percentage of total primary energy supply in South Africa. Energy sources include: coal, hydro, gas,
nuclear and oil.
Energy source

% Energy supply

Coal

85

Gas

5

Hydro

5

Nuclear

4

Oil

1

Source: Enerdata, 2013, 11

Whereas on a world scale geothermal energy both from the conventional and the stimulated geothermal systems has become one of
the 5 major renewable energy resources, for over a decade, it is only now that the South African state considers geothermal energy
as a possible long term potential source of renewable energy, still to be proven, in addition to solar, wind, wave and biomass/
biogas energy resources.
In order to meet this challenge South Africa needs to develop reliable geothermal evaluations and technologies. One of the limiting
factors for the growth of geothermal energy is the availability of dedicated research every level: scientific, technical, economical
and environmental. Besides contributing to clean power, geothermal energy represents brand new fields of capacity building and
training for South Africa.
The scope of this paper is to evaluate the types of geothermal source that can be targeted in South Africa and for which type of
application? A geothermal potential map could represent the first step towards resource assessment, its use and socio-economical
applications.
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2. GEOLOGY AND GEOTHERMAL POTENTIAL OF SOUTH AFRICA
2.1 Heat flow and relevant geological systems
Heat flow is an important factor in geothermal exploration as it gives an indication of zones of abnormal heat generation in the
earth. The average heat flow for the Earth is 70 mW/m2 corresponding to a gradient of 2.5 – 3 °C/100 m . A heat flow above
average is usually the main indicator of possible geothermal source at depth.
Current understanding of South Africa’s geothermal resources in the domain of medium to high temperatures is based on limited
data such as heat measurements taken in petroleum and mining exploration bore holes in the country. Measurements have already
been made in the past at different localities in South Africa (Jones , 1992). With the available data we can already see that some
regions like Namaqualand, south and west of Upington show values above Earth average. However the coverage still needs to be
improved and more measurements i.e. temperature gradient and thermal conductivity should be done. Figure 1 below shows heat
flow measurement according to Jones (1992).

Figure 1 : Heat flow measurements in South Africa (after Jones 1992). Heat flows above average of 70 mW/m2 are found in
Namaqualand and Lesotho (Chevallier et al. 2014 using heat flow data from Jones, 1992).

South Africa does not offer opportunities for conventional very high temperature geothermal energy (200 to 300°C) usually related
to volcanic activity. On the other hand by nature of its geology it has potential in term of medium to high energy geothermal
resources.
Figure 2 shows geothermal resources of South Africa and their associated geological systems divided into hot rocks and
hygrothermal fractured aquiffers according to Chevalier et al. (2014).
Hot dry rock systems in granites or recent sedimentary basins with potential for high energy are shown in Figure 2. These include
(1) hot dry rock in granites south of Upington and the Namaqualand region and (2) hot dry rocks in young tectonic basin northern
part of Kwazulu-Natal. Temperatures of 100°C to 150°C at depths of 3000 to 5000 m can be measured in these areas. Deep
fractured aquiffers are also identyified in the Limpopo belt and Cape folded belt were temperatures of 60° to 80°C at depths of
1000 to 2000 m could be measured. In these areas temperatures of 100°C to 150°C at depths of 3000 to 5000 m could be measured.
2.2 Hot dry rock geological systems and heat flow
The heat generated in the crust of the Earth mainly results from radioactive decay of the rock. Radioactive granites are usually the
preferred target for hot dry rock technology. South Africa is rich in granites and gneisses of various ages and chemical
compositions . Most of these granites are radioactive and some of them possess a thermal gradient above average like in the
Namaqualand region, south of the Orange River. Heat flow in Namaqualand and south-west of Upington is above average as shown
in Figure 3. The granites in the Limpopo Province still have to be investigated in terms of radioactivity and heat flow, but represent
a very large volume of rock with potential for geothermal anomaly.
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Figure 2 : Geothermal resources of South Africa and their associated geological systems divided into hot dry rocks and
hydrothermal fractured aquifers (Chevallier et al. 2014).

Figure 3 : Granite and gneisses of South Africa and heat flow. Note the above average heat flow in Namaqualand south and
west of Upington (Chevallier et al., 2014).

2.3 Hydrothermal systems and hot springs
Hydrothermal systems correspond to deep aquifers in high permeability zones acting as reservoirs of hot water that can be extracted
for geothermal energy generation (electricity or heat transfer network).
Hot springs are very good indicators of deep water circulation and active hydrothermal systems linked to specific geological
structure. It is important to understand their functioning and the regional structure of the hydrothermal reservoir (origin of water,
gravity drive, deep structures). In South Africa many thermal springs at temperatures exceeding 25°C the year round, have been
recorded (Figure 4 ).
Two groups of springs of particular interest are the Tshipise cluster in the Soutpansberg Basin of Limpopo Province in the North
and the Cape Fold Belt cluster around Brandvlei in the Western Cape Province in the South West (Figure 5). The springs occur in
3
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different geological environments but in a similar structural framework. The water circulates from the recharge area to a deep
permeable fractured aquifer (1000 to 2000 m deep) where it gets heated up and reverse to the surface along a fault zone.

Figure 4 : Hot springs of South Africa. Very hot springs (above 50°C) are found in the Limpopo Province in the North of
the country (Tshipise – Sagole – Siloam group between 45° and 60°C) and in the Western Cape Province in the South
West (Brandvlei, 64°C) (after Chevallier et al. 2014).

Figure 5: Geological cross sections of the thermal springs of Tshipise fracture zone (A) in Limpopo (between 45 and 60°C)
and (B) Brandvlei in the Western Cape (60°C). The rain water recharges a permeable layer down to a depth where it
gets hot and reverse back to the surface along a fault (after Chevallier et al. 2014).
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The source of the heat is probably the normal geothermal gradient in the crust of the Earth. It is also probable that a great part of
that heat is dissipated during the transfer to the surface. None of the thermal spring has been drilled. Therefore the temperature of
the water at that depth is not known, but certainly far greater than the 50°C and 60°C recorded at the surface.
The results of the geophysical studies conducted at most Limpopo springs and selected springs in the Eastern Cape are as follows:
Siloam hot spring in the Soutpansberg Basin, defines narrow dykes and conductive zones that had widths of approximately 150 m;
All Limpopo thermal springs in the north are associated with faults and impenetrable dykes or sills; Subtle values of Uranium were
reported at the Siloam and Mphephu hot spring located in the northern part of South Africa; shallow anticlinal magnetic sources
body at 3 km to 5 km depths that could be associated with the heat source in the central part of the Soutpansberg Basin.
The geothermal potential of shallow aquifers depends on the yield and the depth of the water body. Shallow to medium depth
aquifers are very common in South Africa. Exploration drilling and hydrogeological studies in the Karoo have shown that several
fractured aquifers can be met between 15 m and 300m. Several low temperature thermal springs (between 26° and 30°C) in the
Karoo are indicative of shallow warm aquifers (Figure 4).
3. POTENTIAL FOR GEOTHERMAL SITES
3.1 Possible sites for hot dry rocks
The ideal target for hot-dry rock geothermal system would be high-heat producing granite buried underneath a thick pile of low
thermal conductivity sedimentary rock. Granite underneath sedimentary rocks can be found in several places in the Northern Cape,
especially at the contact between granitic basement and Karoo sediments.
The proposed example of potential for development of a hot dry rock geothermal resource in the Northern Cape applies to an area
around the Dubbelde Vlei borehole (Chevallier et al., 2014) where a heat flow of 64 mWm-2 was measured and a temperature of
69°C was attained at a maximum depth of 1 497 m (Figure 6). This is not the best heat flow measured in the Northern Cape but the
area shows some of the requirements for geothermal exploration: a granitic basement overlaid by a thick sedimentary pile. The heat
was also measured on a relatively deep borehole away from surface temperature influence (that can go down to 100 m) making it
more usable than other measurements.

Figure 6 : Area around Dubbelde Vlei with potential for hot dry rock geothermal exploration (after Chevallier et al., 2014).

The study area is overlain by Karoo sediments belonging to the Dwyka and Ecca Groups. The Karoo sediments are intruded by
dolerite sills. The sediments rest on the granite-gneiss of the Namaqualand Metamorphic Province that is outcropping further north.
Water is a crucial element in geothermal energy development for two reasons. Water is needed for the hydraulic stimulation and
will enhance the fractures in the rock allowing more contact with heat and for injection to complete the circuit through the hot rock
and back to the surface via the production borehole. Sources of groundwater can be targeted in the Karoo sediment, especially at
the contact between sediment and dolerite which was proven to be high water yielding features in previous studies. Dolerite sills are
usually very good for the development of fractured aquifers and several of them have intruded the Karoo sediment in the study area.
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They are also responsible for multi-layered aquifers down to 300 metres. However, deep aquifers might not be recharged as
adequately as shallow aquifers especially in the arid environment of the Northern Cape. Therefore, several well points in both
shallow and deep aquifers will have to be targeted and tested in terms of capacity, especially because of the large volume of water
needed for the fracturing.
Other geological environments could show potential for hot dry rock geothermal energy like the younger sedimentary Zululand
Basin (figure 7) where thermal gradients above average were measured (Gerrard, 1972). A temperature of 92°C were measured at
1500 m depth in one of the bore holes drilled through the sediment, for an abnormal thermal gradient of up to 4.4°C / 100 m . The
origin of this anomaly is still to be explained. It could reflect the presence of radioactive granite at depth, the influence of the
Bumbeni ridge in the Karoo age basaltic Lebombo Group or a tectonically active structure below the sediments. Other basins like
the Algoa basin also show some abnormal temperatures at depth.

Figure 7: Mesozoic basins of South Africa and temperatures recorded in boreholes drilled at the Zululand and Algoa Basins
(after Chevallier et al. 2014).

3.2 Possible geothermal energy plant in South Africa
The Binary system power plant is the possible plant that can be used to generate electricity in South Africa. It uses low temperature
(74˚C minimum) geothermal resources (hot water) as a heating source. The heat is used to evaporate a low boiling point fluid which
drives the turbine. Figure 8 below shows how a binary system works.

Figure 8: Binary-cycle geothermal power plant. Source: Dickson and Fanelli, 2004 in Tshibalo 2011).
6

Tshibalo et al.
4. ECONOMICS OF GEOTHERMAL ENERGY PLANT
4.1 The economic model
Another important factor to consider in the research and development of a new technology is the potential cost of manufacture.
Since geothermal energy development in countries benign of volcanic activity is a relatively new field, a thorough cost analysis is
required to determine any viability. Dhansay, 2013 considered a hypothetical enhanced geothermal systems energy plant in the
Soutpansberg, within the Makuleni Village. This village falls within the region of the Siloam hot springs and forms an ideal area for
considering the development of geothermal energy. The hypothetical energy plant is exposed to a stringent economic model. This
model considers various parameters including the geology, engineering and financial aspects to determine the unit cost of energy
produced. This model considered a 75 MW plant with a lifespan of up to 30 years. A maximum depth of 6 km and reservoir size of
1000 m3 are assumed. Production will occur under a flow pressure of 100 Pa and flow rate of 50 l/s. Economic factors are in line
with South African tax and inflation rates. Readers seeking further information on other factors considered within the model are
directed to Dhansay et al., 2013.
4. 2 Results of the economic model
The model has established that the LCOE of geothermal energy development in the Soutpansberg, Limpopo would be 14
USDc/KWh. Figure9 shows that this LCOE is the highest of all renewable energy sources, second only to solar photovoltaic
energy. Furthermore, when a REFIT of 250 USD/MWh is added to the model calculation, it results in the LCOE decrease to 12
USDc/KWh. The addition of this REFIT makes it more comparable with other similar geothermal energy plants in Australia and
France.
One reason for this relatively high LCOE is because of very conservative data estimations used where information was unavailable,
i.e. precise fracture network directions and geothermal gradients. Herein the model has to consider parameters that are not ideal, but
probable to ensure that the results are not falsely promising.

Figure9: Results of the LCOE as calculated within this model; against the LCOE of other renewable energy sources, where
the blue points represent the total energy capacity, while the red dots express the LCOE. T Dhansay, 2014

The LCOE is most affected by the initial drilling depth and amount of hydraulic fracturing required on attaining an adequately
porous fracture network. The LCOE model result considers a maximum drilling depth and corresponding hydraulic fracturing
regime of 6 km. In the event that the heat flow and heat productivity is much higher than estimated, a shallower drilling depth and
hydraulic fracturing regime may be implemented, and this could markedly lower the LCOE.
4. 3 Discussion of the economic model
The results of this study would indicate that geothermal energy is a possible alternative, renewable energy source in South Africa,
with a LCOE of 14 USc/KWh. However, this is a costly alternative to the current coal-generated electricity, almost a double LCOE.
Factors to consider here are: firstly, coal is a scarce commodity that has been estimated to run under critical values by 2017. In
addition, the continuous exploitation of coal has resulted in South Africa becoming the leading carbon emissive nation in Africa,
and one of the leading rates of emission nations in the world. South Africa will therefore require strict measures to decrease carbon
emissions and avoid UNFCCC financial penalties. The South African government has already started this with the introduction of
the carbon tax, a tax aimed at big industry to decrease their CO2 emissions.
The model has established that the hypothetical geothermal energy plant has the potential to decrease at least 1.5 g/CO 2 per MWh.
However, the cost remains an issue and will need to be addressed. Here the government will need to incorporate a REFIT scheme to
make it a more viable energy option.
Development of this technology in South Africa will rely heavily on further analyses and accurate geological and engineering data
acquisition. This could make the model more precise and attain very specific parameters for development
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5. CONCLUSION
Available data shows that some regions in South Africa have high geothermal energy potential for medium to high energy
geothermal resources. These areas include Namaquland, south and west of Upington and northern part of Kwazulu-Natal. These
ares have underground heat flow above the average. The granite in the Limpopo Province also present a large volume of rock with
potential for geothermal anomaly. The geothermal cross-section of thermal springs at Tshipise and Brandvlei also show a
favourable areas for geothermal energy potential. The results of the economic model conducted around the Siloam hot spring in
Limpopo Province shows that geothermal energy is a possible alternative, renewable energy for South Africa.
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