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Geothermal Energy
Overview
Geothermal energy is heat or coolness sourced from
the earth. It’s clean and sustainable. Either the heat
from the earth or the coolness of the ground is used
in geothermal energy systems. As a source of heat,
sources of geothermal energy range from the shallow
ground heat to hot water and hot rock found a few
kilometres beneath the Earth’s surface, and down
even deeper to the extremely high temperatures of
molten rock called magma.
Figure 1 shows the average temperature from the core
to the crust of the earth. Due to geological formations
in some places heat from the earth is available in
relatively shallow depth or even at the surface e.g. in
the form of hot springs. In these locations geothermal
energy can be used for electricity generation or
directly for heating.

Geothermal energy for
electricity generation

Figure 1: Origin of geothermal power
ORIGINS OF GEOTHERMAL POWER
Geothermal energy originates from the Earth’s core which is
estimated to have a temperature of about 5000°C. This nearly
constant temperature is possible because of continuous radioactive
decay, compression and because the core is very well insulated.
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Figure 2: Principles of electricity generation from
geothermal energy

Geothermal power plants use steam produced from
reservoirs of hot water found some kilometres below
the Earth’s surface. The steam rotates a turbine that in
turn powers an electricity generator. This technology
is only feasible at large scale.
Figure 2 shows that hot water or steam is extracted
from the earth and used to generate electricity. The
cold water is pumped back down to balance the
hydrology.
Electricity generation is only feasible at locations
where sources of hot underground water are available
at 3 to 5 km below the surface. However depth and
usability depend on the local geology.

Source: Wikimedia commons https://commons.wikimedia.org/wiki/
File:Geothermal-energy.png
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Figure 3: Olkaria geothermal power plant
in Kenya

Figure 4: Geothermal potential in the
Rift Valley

Source: www.akiiraone.com

Source: https://commons.wikimedia.org/wiki/File:Worker_in_Olkaria_Kenya.jpg

Figure 5: Greenhouse in Kenya supplied by
geothermal direct heat

In Africa such conditions exist in the Great Rift Valley. Kenya
uses this geothermal energy to generate electricity and as
direct heat (see below) along the Rift Valley as shown on
the map. So far 500MW1 electricity generation has been
installed, and a further 2000MW2 are planned.

Geothermal direct heat

Source: Owory, 2016 www.standardmedia.co.ke
https://www.standardmedia.co.ke/business/article/2000204628/gdcto-go-big-on-direct-uses-of-geothermal-energy

The same geothermal heat can be used directly for heating
purposes. In modern direct-use systems, a well is drilled
into a geothermal reservoir to provide a steady stream
of hot water or steam. The water or steam is brought up
through the well, and a mechanical system – piping, a heat
exchanger, and controls – delivers the heat directly for its
intended use. The cooled water is then re-injected into the
ground.
1 wikipedia.org/wiki/Geothermal_power_in_kenya
2 www.euronews.com>NEWS>World_news 5 August 2016

294

Geothermal energy for heating or cooling

Geothermal hot water can be used for many applications including the heating of buildings or greenhouses or
several industrial processes. These systems are viable at large to medium scale. In Kenya direct heat is used for
heating of greenhouses.

Heat pumps using the ground or ground water
This technology is very different from that described above. It works at small scale, typically for one or a small
group of buildings. Its viability depends on the local requirement for heating and cooling, the local climate, and
the cost of installation that differ according to the geology.
The shallow ground, around 2m below the surface, maintains a temperature between 10°-16°C all year, which is
far more constant than the air temperature above the surface. In greater depth the temperature is even more
constant. In many areas during winter the ground is warmer than the air above it and in summer the ground is
cooler than the air. Ground and ground water heat pumps take advantage of these temperature differences to
heat and cool buildings.
Heat pumps use a similar technology to refrigerators. They move heat from a source (such as the ground or ground
water) to a destination (such as a water tank). A heat pump consists of an evaporator a compressor, refrigerator
gas, a valve and a condenser, all operating in a closed circuit as shown in the diagram below. The technology uses
a small amount of electricity to extract heat from the source medium and uses it to heat water or the air inside a
building. The system can also run in reverse to cool a building.
Figure 6: Components of a heat pump

Source: eThekwini Municipality Energy Office (2016), Technologies for renewable energy and energy efficiency – how do they work?

There are many types of heat pumps. They are distinguished by the medium from which they extract the heat. In
South Africa the most common type is the air-water heat pump, extracting heat from outdoor air to heat water in
a tank. These are described in detail in the section on Solar Water Heater. Such water heating systems are used in
commercial (e.g. hotels), hospitals and residential applications, and efficiencies match those of solar water heating.

295

Macro Developments

Figure 7: Ground source heat pump in cooling and heating modes

Source: Wikimedia commons https://commons.wikimedia.org/wiki/File:HeatAndColdStorageWithHeatPump.svg

Heat pumps extracting heat from the ground or from ground water are principally more efficient than those
extracting heat from air because water and the ground carry a much higher amount of thermal energy than
air. In order to extract heat from the ground a system of pipes is buried near the building. A fluid (usually water)
circulates through the pipes to absorb heat from the ground.
In winter, the heat pump removes heat from the heat exchanger and pumps it into the building. In summer, the
process is reversed, and the heat pump moves heat from the building into the heat exchanger and pumps it into
the ground. The system can be extended to also supply hot water.
The efficiency of a heat pump depends on the quality of the equipment and more importantly on the differentials
of the
yy Temperature of the ground or ground water (source),
yy Required temperature in the building (destination), and
yy Outside air temperature.
The quality of the heat pump is measured by the Coefficient of Performance (CoP) that describes the ration of
thermal energy output to electrical energy input. A high CoP indicates high efficiency and it should be higher than
3. However, the same heat pump will perform differently in different locations. The real efficiency is location specific
and needs to be calculated for the specific temperature conditions as the Seasonal Energy Efficiency Ratio (SEER).
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Geothermal energy for heating or cooling

For hotels and hospitals with
balanced heating and cooling
demands payback periods of five
to seven years can be achieved.

Heat pumps work most efficiently if the demand for heating and cooling is balanced because a similar amount of
heat is extracted from the ground than is pumped back. In a case of only demand for cooling the heat pumped
into the ground will eventually raise the underground temperature and reduce the efficiency. Highest efficiency
is achieved when cooling and heating demands occur at the same time and direct heat recovery is possible. An
example of this is a case when the demand for space cooling is matched by the demand for hot water.

Implementation
South Africa does not have large scale geothermal resources to generate electricity or use for direct heat. Only
heat pump technology can be viably used depending on location and demand for heating and cooling. Currently,
ground or ground water heat pumps are very rare in South Africa.
In most parts of South Africa the demand for space heating is much lower than for cooling because winters are
short and mild. The demand for hot water depends on the use of the building e.g. it is high in hotels or hospitals
but low in commercial buildings.
Ground and ground water heat pumps are expensive due to the underground installation of pipes, and their
financial viability must be tested for each situation. For hotels and hospitals with balanced heating and cooling
demands payback periods of five to seven years can be achieved (see case study Hotel Verde). Financial viability is
not likely for domestic buildings. However, for them air heat pumps for hot water are a viable alternative to solar
water heaters.
Municipalities can use the heat pump technology in their own buildings if viable (see sub-section on heat pumps
in Solar Water Heater section). However, the technical and financial viability depends on the local conditions and
the use of the building and must be modelled on a case-by-case basis. Some financial implications are presented
in the Case Study Hotel Verde below.
If developers intend to install heat pumps the municipalities are responsible for the development application and
approval process. The SANS 10400-XA requires that in new buildings and in buildings after major refurbishments
at least 50% of the heat demand is met by means other than electrical resistance heating. Heat pumps are a
suitable option to supply thermal energy.
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Case Studies Hotel Verde in Cape Town*
The Hotel Verde has received six stars, the highest rating by the Green Building Council South Africa (see case
study 4 in section on Energy Efficient Buildings) for Existing Building Performance it is also LEED (Leadership
in Energy and Environmental Design by the US Green Building Council) Platinum certified for both Design and
Construction as well as Existing Building: Operation and Maintenance.
Its sustainable features include energy efficient building design, renewable energy generation through wind
turbines and solar PV, water saving and waste minimisation measures. It also has an energy-saving heating and
cooling system using ground source heat pumps.
This Heating Ventilation and Cooling (HVAC) system achieves extraordinary efficiency through a geothermal
loop field coupled to ground source heat pumps for central heating/cooling and domestic water heating. The
geothermal field consists of 100 boreholes, each approximately 65m deep. Each hole contains a U-bend pipe.
Combined, there is approximately 13 km of piping beneath the footprint of the building. Water passes through
these pipes to either dump heat (in summer) or gain heat (in winter) from the constant ground temperature at
this depth of around 19.4°C, thus using the earth as a huge thermal battery.
This system is well suited for a hotel project in the Cape Town climate as the heating and cooling loads are
reasonably balanced over an entire annual cycle and the ambient-, heating-/cooling- and ground-temperatures
are such that in winter one can extract energy out of the ground and in summer one can reject energy into the
ground.
The hotel is about 12000 m² usable surface area and the plant has a capacity of 304kW in cooling, 364kW of
heating only or 182kW for heating plus 167kW for hot water generation.
At the time of construction (2013) the costs of the system were approximately:
 Geothermal installation (incl. extra earthworks, P&G, fees etc.): R6m
 Plantroom: R9m – R10m (incl. equipment, logistics, installation, delayed commissioning, variation orders, fees etc.)
The system saves around 50% of the electrical energy that a conventional HVAC system would require. The
expected payback period is 5 to 7 years.
Figure 8: Aerial view of Hotel Verde, Cape Town

Figure 9: Geothermal field of 100 boreholes extracting
or dumping heat

Source: www.hotelverde.com

Source: André Harms

* Information provided by André Harms, director and principal sustainability engineer at Ecolution Consulting, Cape Town in
January 2017 and www.hotelverde.com/static/green-showcase
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