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Source: Creative commons CC BY 3.0 
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Ocean Energy

Overview
Ocean energy is a term for different technologies including:

 y Ocean current energy;

 y Wave energy;

 y Ocean Thermal Energy Conversion (OTEC); 

 y Tidal energy; and

 y Energy derived from differences in the salinity of seawater.

The technologies are at different stages of development but none of them is advanced enough to be financially viable.

Only the first three technologies are explained on the next page because they have been considered in South 
Africa. For the other technologies no sufficient resources exist in South Africa.

Ocean current energy

The oceans contain several steady currents such as the Benguela and the Agulhas currents. Turbines fixed or suspended 
to the ocean floor can harvest the kinetic energy of currents and convert it to electricity that is brought to the coast 
through underwater cables. The technology can be used in locations where a current is close to the coast such as the 
Agulhas current along the east coast of South Africa. This technology has been piloted in the Gulf Stream off the coast 
of Florida in the USA and in Norway as indicated in Figure 2 on the next page.

An assessment of ocean currents off South Africa’s coast1 found that the Agulhas current travels swiftly enough for 
harvesting energy. It is also relatively close to the surface at less than 200m depth. The study estimates the overall power 
of the current as between 21 and 27GW but cautions that the useable power is significantly less e.g. due to ship traffic 

1  Meyer et al. (2013) Assessment of the Ocean Energy Resources off the South African Coast. CRSES Stellenbosch University (ed.)

Figure 1: Ocean energy technology readiness

Source: IRENA (2014) Ocean Energy – Technological Readiness, Patents, Deployment Status and Outlook. p.8
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Macro Developments

and technology inefficiencies. However, based on modelling the study found that the Agulhas current’s strength and 
position varies more than was anticipated e.g. four to six times per year the current moves off course for a few weeks.

There is clearly a significant amount of energy available in the Agulhas Current but harnessing it remains a technical 
challenge. The variability of the current, which was greater than what was expected, will also reduce the amount 
of electricity that can be generated and the attractiveness of the current as a constant [base-load] source of 
energy.” (Meyer I. et al, 2013)

The study further investigated suitable locations to install a pilot turbine in order to conduct further research into 
the best technology and the economic viability. The study proposes Cape Morgan at the mouth of the Kei River 
as the most suitable site.

Wave energy 

Special buoys, turbines, or other equipment are used to capture the kinetic power of waves and convert this into 
clean, pollution-free electricity. Like wind and solar resources, wave energy is variable in nature.

The photograph shows the Pelamis Wave Power Project in Portugal using segmented tubes to absorb the wave 
power and convert it into electricity. This project was built in 2008 as the first commercial wave power project 
but has been dismantled after less than two years of operating because the equipment was damaged in the 
harsh marine environment making the project financially unviable2. Another technology to capture wave power 
is Oscillating Water Columns.

“Oscillating Water Columns are conversion devices with a semi-submerged chamber, keeping 
a trapped air pocket above a column of water. Waves cause the column to act like a piston, 
moving up and down and thereby forcing the air out of the chamber and back into it. This 
continuous movement generates a reversing stream of high-velocity air, which is channelled 
through rotor blades driving an air turbine-generator group to produce electricity”3

2  Pers. comm. with Luis Castanheira, Environmental Defence Fund, Porto, January 2014. 

3  IRENA (2014) Wave Energy Technology Brief. 

Figure 2: Underwater turbines are turned by the current and generate power similar to wind turbines 

Source: www. Planète-energies.com
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Ocean energy

The technology is being installed close to the shore and 
has been tested in Scotland, Spain, Australia and other 
countries. It appears to be simple and reliable but its 
performance is low.

The South African resources for wave energy have been 
assessed for five locations indicated in the map on the right.

The assessment was based on numerical modelling and 
found the highest wave power resources at Slangkop and 
Cape Point, followed by FA platform and Port Nolloth. The 
lowest wave power was found in Durban.

The study concludes that South Africa has a significant wave 
energy resource along the southwest coast that could be 
exploited as a source of renewable energy. However more 
detailed research is needed into larger sections of the coast 
to assist developers of wave energy technology to identify 
best suited locations.

Ocean Thermal Energy Conversion (OTEC)

In hot climates, oceans absorb a very large amount of heat 
from the sun and store it in the upper layers of water. OTEC 
uses the temperature difference between deep cold water 
and warmer water close to the surface to run a heat engine 
and produce useful energy, usually in the form of electricity. 
The exploitation of this resource requires a temperature 
difference of at least 20˚C. In tropical locations this can be 
found between around 1000m depth and the sea surface. 
The technology can only be used in locations with a steep 
drop in water depth close to the shore, such as in South 
Africa. Figure 6 shows the functioning of an OTEC plant of 
100kW that was commissioned in Hawaii in 2015.

The potential of ocean thermal energy at the KZN south 
coast has been explored for a proposal to do more detailed 
research4 into this resource. Depending on technology this 

4 Gumede & DÁlmaine (2016) The Extraction of Power and Fresh 
Water from the Ocean off the Coast of KZN Utilising OTEC 
Techniques, Durban University of Technology (ed).

Figure 3: Segmented tubes absorbing wave power 
at Pelarmis Project in Portugal 

Source: Wikimedia commons https://commons.
wikimedia.org/wiki/File:Pelamis_at_EMEC.jpg   

Figure 4: Semi-submerged chamber to capture 
wave energy 

Source: By government [Public domain], via Wikimedia Commons  
http://www.energyquest.ca.gov/story_oldimages/chap14_wave_2007.
gif   

Figure 5: Locations of Ocean Energy Assessments

Source: Joubert & van Niekerk (2013) South African Wave Energy 
Resource Data. CRSES Stellenbosch University (ed.)
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resource could be used for electricity generation, and 
other applications such as desalination, seawater air-
conditioning and marine culture. The authors propose 
Port Shepstone as a suitable location for testing an 
experimental design of OTEC because of the steep drop 
in water depth to 3 000m.

Implementation

Figure 7 indicates the key hurdles that any technology 
must overcome towards implementation. Ocean energy 
technologies have been tested or are being tested with 
different levels of success. The other aspects still need to 
be tested and addressed in similar detail.

The technologies used to harvest ocean energy and 
their potential electricity outputs are very site specific. 
This makes it difficult to predict performance and 
potential to reach economies of scale. All ocean energy 
technologies operate in a harsh marine environment. 
Most prototypes have operated for one or two years 
only and no conclusions can be drawn on the design 
life that determines their financial viability.

Current costs of ocean energy are estimated at around 
R5/kWh5. It appears unlikely that ocean technology will 
be able to compete in the near future with wind and 
solar PV that generate electricity at costs of just above 
R0.60/kWh in South Africa.

As the ocean energy technologies are not mature and 
viable yet municipalities cannot invest in them. Coastal 
municipalities with high ocean energy resources should 
try to attract research or pilot projects.

5  Pers. comm. with F. D’Almaine, Durban University of Technology, April 2016

Figure 6: Ocean Thermal Energy Conversion (OTEC) plant in Hawaii in 2015

Source: http://www.makai.com/makai-news/2015_08_29_makai_connects_otec/

Figure 7: Key hurdles on ocean energy becoming 
commercially viable

Source: IRENA, 2014
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