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SOURCES of OCEAN ENERGYSOURCES of OCEAN ENERGY

•• SALINITY GRADIENTS     SALINITY GRADIENTS     240m head           240m head           
•• THERMAL GRADIENTS THERMAL GRADIENTS 
•• TIDES                                   TIDES                                   
•• WAVESWAVES
•• OCEAN CURRENTS                0.2m headOCEAN CURRENTS                0.2m head
•• BIOBIO--CONVERSIONCONVERSION --



SALINITY GRADIENTSSALINITY GRADIENTSSALINITY GRADIENTS

240 m

Sea WaterFresh Water

Membrane

SALINITY  GRADIENTSSALINITY  GRADIENTS
•• Potential head of 240m at interface of fresh Potential head of 240m at interface of fresh 

and sea water, particularly river mouthsand sea water, particularly river mouths
•• Processes include pressure retarded Processes include pressure retarded 

osmosis and reverse electroosmosis and reverse electro--dialysis or dialysis or 
gas pressure differentialsgas pressure differentials

•• Problems with biological fouling of Problems with biological fouling of 
membranes, slow flow rates and brine membranes, slow flow rates and brine 
disposal (can however, be redisposal (can however, be re--used)used)

•• Technology not yet sufficiently advancedTechnology not yet sufficiently advanced



OCEAN THERMAL ENERGY OCEAN THERMAL ENERGY 
CONVERSION (OTEC)CONVERSION (OTEC)

•• UtilisesUtilises temperature gradient between temperature gradient between 
surface and deep ocean waters(500m to surface and deep ocean waters(500m to 
1000m)1000m)

•• Based on Claude or Based on Claude or RankineRankine cyclescycles
•• Minimum temperature gradient of 20Minimum temperature gradient of 20oo C, C, 

(preferably 24(preferably 24oo C) for economic viability.C) for economic viability.

OTEC CYCLEOTEC CYCLE



Advanced stage of viability testingAdvanced stage of viability testing
previously achieved in USApreviously achieved in USA

50 kW test platform50 kW test platform
off Hawaiioff Hawaii

(Mini OTEC)(Mini OTEC)

OTEC 1OTEC 1
1MW Converted Tanker1MW Converted Tanker

OTEC 1OTEC 1

265 MW floating265 MW floating
converter inconverter in
anchored oranchored or

““grazinggrazing”” modemode

Proposed 400 MW land based converterProposed 400 MW land based converter
(small demonstration plant presently operating(small demonstration plant presently operating

in Hawaii)in Hawaii)

OTEC CONCEPTSOTEC CONCEPTS



OTEC Powered Marine FarmOTEC Powered Marine Farm

Potential OTEC sites close to shorePotential OTEC sites close to shore

Gradient of 16Gradient of 16ooC in 600m depth C in 600m depth 
available off South African East Coastavailable off South African East Coast
but in a high energy area with heavybut in a high energy area with heavy

shipping activity shipping activity 

US US programmeprogramme curtailed curtailed 
due to uncertain due to uncertain 

regulatory environmentregulatory environment



TIDAL POWERTIDAL POWER

•• Generally accepted that a minimum tidal Generally accepted that a minimum tidal 
range of 5m (preferably >10m) is required range of 5m (preferably >10m) is required 
for economic viability in barrage schemes.for economic viability in barrage schemes.

•• Existing schemes at Existing schemes at RanceRance Estuary (11m to Estuary (11m to 
13.5m range, peak output of 240 MW), and 13.5m range, peak output of 240 MW), and 
KislayaKislaya Inlet (400kW expanding to 320 MW)Inlet (400kW expanding to 320 MW)

•• Many proposals for Severn estuary (UK), Many proposals for Severn estuary (UK), 
Bay of Fundy, South Korea, Japan etcBay of Fundy, South Korea, Japan etc

Sites of Possible Tidal Power Stations with 10m+ rangeSites of Possible Tidal Power Stations with 10m+ range

Average tidal range in South AfricaAverage tidal range in South Africa
only 1.05m, Springs about 1.5monly 1.05m, Springs about 1.5m

(Small(Small--scale kinetic energy extraction scale kinetic energy extraction 
in coastal lagoons might be possible)in coastal lagoons might be possible)



Tidal StreamsTidal Streams
Shallow water currents generated by tides, extracted by Shallow water currents generated by tides, extracted by 

vertical or horizontal axis turbines, in currents of at least 2mvertical or horizontal axis turbines, in currents of at least 2m/sec/sec

An example is the An example is the SeaGenSeaGen Tidal StreamTidal Stream
Turbine, comprising two 15 m Turbine, comprising two 15 m diamdiam twin twin 

axial flow rotors rated at 1 MW. axial flow rotors rated at 1 MW. 
(Presently undergoing tests in the (Presently undergoing tests in the 

StrangfordStrangford Narrows off Northern Ireland)Narrows off Northern Ireland)

MOST PROMISING TIDAL STREAM SITESMOST PROMISING TIDAL STREAM SITES
in South Africa within South Africa with

depth averaged currents of about 1m/secdepth averaged currents of about 1m/sec
and water depths of 6 to 7 mand water depths of 6 to 7 m

LangebaanLangebaan LagoonLagoon KnysnaKnysna HeadsHeads



OCEAN CURRENTSOCEAN CURRENTS

•• Typified by low energy density and variableTypified by low energy density and variable
direction and velocitydirection and velocity

•• Extraction can be by vertical or horizontal Extraction can be by vertical or horizontal 
axis turbine, axis turbine, savoniussavonius or hinged blade or hinged blade 
rotors with flow enhancement ducts, rotors with flow enhancement ducts, 
electromagnetic induction etc electromagnetic induction etc 

Submerged Submerged uniuni--directionaldirectional
flow turbineflow turbine



Vertical axis Vertical axis 
multi directionalmulti directional

(Conversion efficiencies (Conversion efficiencies 
of about 50 to 60%)of about 50 to 60%)

LinearLinear
conversion conversion 

systemsystem

Agulhas Western Boundary Current SystemAgulhas Western Boundary Current System

Similar to
Kuroshio

and
Miami 

currents



Focus ZoneFocus Zone
fromfrom

Port EdwardPort Edward
toto

BasheeBashee RiverRiver

Agulhas CurrentAgulhas Current

Current drift observations off Port EdwardCurrent drift observations off Port Edward
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Current drift observations off Current drift observations off BasheeBashee RiverRiver

Up to 2.5 m/sec

Average
Energy Flux

about 2kW/m2

(= 1kW/m2

after conversion)

(More information
on microstructure

needed)

WAVE POWERWAVE POWER

Wave DynamicsWave Dynamics

Wave Power ResourceWave Power Resource

Wave Power ExtractionWave Power Extraction
-- Ship PropulsionShip Propulsion
-- Electricity GenerationElectricity Generation



Wave DynamicsWave Dynamics
Random spectraRandom spectra

IdealisedIdealised particle motionparticle motion

P = f(T, H2)
Lo = 1.6 T2

Wave Power Levels Wave Power Levels -- WorldwideWorldwide

Units: kW/m crest length



Wave Generation Zone off Southern AfricaWave Generation Zone off Southern Africa

South African

Wave Climate

Incident Wave RosesIncident Wave Roses
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Examples of resourceExamples of resource
analysis offanalysis off
SW Coast SW Coast 



% Occurrence of Power% Occurrence of Power
at at SaldanhaSaldanha BayBay

Seasonal VariationSeasonal Variation
at at SaldanhaSaldanha BayBay

Seasonal and long termSeasonal and long term
variationsvariations

Seasonal variationSeasonal variation

Variation over 5 yearsVariation over 5 years



Occurrence DistributionOccurrence Distribution
Winter and SummerWinter and Summer

Duration of CalmsDuration of Calms
vsvs

Return PeriodReturn Period
(indicates backup or(indicates backup or
storage requirements)storage requirements)

Power ExtractionPower Extraction
-- Vessel propulsionVessel propulsion

LindenLinden’’s AUTONAUTs AUTONAUT



11 knots under11 knots under
moderate swellmoderate swell

conditionsconditions

Prototype bowPrototype bow--mountedmounted
propulsion vanespropulsion vanes



I & J Stern TrawlerI & J Stern Trawler

(4.5 knots(4.5 knots
in  a 1.5m swell)in  a 1.5m swell)

Free driftingFree drifting
weather buoyweather buoy

--
Wave propelledWave propelled
station keepingstation keeping

in South Atlanticin South Atlantic



WAVE POWER CONVERSIONWAVE POWER CONVERSION

POTENTIAL ENERGYPOTENTIAL ENERGY1898 Patent1898 Patent

Early ProposalEarly Proposal

Modern EquivalentModern Equivalent



PelamisPelamis
750 kW rating in 30m 750 kW rating in 30m 

water depthswater depths

CockerellCockerell Raft AttenuatorRaft Attenuator

Potential EnergyPotential Energy

POTENTIAL ENERGYPOTENTIAL ENERGY

AquaBuoyAquaBuoy
250 kW rating 250 kW rating 
in 50 to 60 min 50 to 60 m
water depthswater depths

Pneumatic Wave PumpPneumatic Wave Pump

WEMWEM
Wave Energy Wave Energy 

ModuleModule



RotationalRotational
ConvertersConverters

Salter DuckSalter Duck

Floating water wheelFloating water wheel
Bristol cylinderBristol cylinder

Compliant wave flapCompliant wave flap

Magazine deviceMagazine device

ROTATIONALROTATIONAL
Archimedes Wave Buoy Archimedes Wave Buoy -- 1 MW1 MW



Early OWC TerminatorsEarly OWC Terminators

Rectifying TurbinesRectifying Turbines

Head EnhancementHead Enhancement
(energy focus techniques)(energy focus techniques)

Dam AtollDam Atoll

Early proposal for Mauritius Early proposal for Mauritius 



Resonant point Resonant point 
absorbersabsorbers

Two layer piezoelectricTwo layer piezoelectric
wave energy conversionwave energy conversion

Linear inductance generatorLinear inductance generator

Complex SystemsComplex Systems

OWCOWC

Heaving Heaving 
buoysbuoys

OWC TerminatorOWC Terminator
attached to breakwaterattached to breakwater

Shore mounted OWC TerminatorShore mounted OWC Terminator Osprey OWCOsprey OWC

MORE POPULAR CONVERTERSMORE POPULAR CONVERTERS

Range of smallerRange of smaller

floating devices floating devices 

(lower cost(lower cost
demonstrationdemonstration

phase)phase)



Evaluation CriteriaEvaluation Criteria
(Resource analysis should relate(Resource analysis should relate

to converter design)to converter design)

CONVERTER DEVELOPMENT

for the for the StellenboschStellenbosch Wave Energy Converter (SWEC) Wave Energy Converter (SWEC) 
(1985)(1985)

1. Cost efficiency of prime importance 1. Cost efficiency of prime importance 
(conversion efficiency of secondary importance)(conversion efficiency of secondary importance)

2. Avoid need for storm over2. Avoid need for storm over--designdesign

3. Aim for reliability in aggressive environment3. Aim for reliability in aggressive environment
(design & construction technology to be within existing capabili(design & construction technology to be within existing capability)ty)

4. 4. MinimiseMinimise need for energy storageneed for energy storage
((optimiseoptimise device at low power cutdevice at low power cut--off level to avoid extreme power fluctuationsoff level to avoid extreme power fluctuations

5. 5. MinimiseMinimise environmental impact and hazard to shippingenvironmental impact and hazard to shipping

6. 6. UtiliseUtilise high levels of power inshorehigh levels of power inshore

DESIGN PHILOSOPHYDESIGN PHILOSOPHY



Submerged
attenuator

SWECMounted on Seabed

Water depth: 15-20m

Air Ducts
Water Level
Oscillates

High P

Low P
Pumping

Chambers

1.5 km from shore

Seabed Cable

Submerged Collector
Arms :  “V”

Air Turbine – AC Generator
In Tower

Wave
Direction

(Stellenbosch Wave 
Energy Converter)5 MW Rating5 MW Rating

Wave Crest

SWECSWEC
ConceptConcept

Wave Trough

Trapped
Air PocketLow Pressure

Air Duct

Low Pressure Phase

High Pressure
Air Duct

Trapped
Air Pocket

High Pressure Phase



ACHIEVEMENT OF GOALSACHIEVEMENT OF GOALS
1.1. FIXED STRUCTURE FIXED STRUCTURE -- Efficient reference frameEfficient reference frame

-- Simple technology & maintenanceSimple technology & maintenance
(no moorings or flexible transmission(no moorings or flexible transmission
lines, minimum moving parts below water)lines, minimum moving parts below water)

2. SUBMERGED STRUCTURE2. SUBMERGED STRUCTURE -- Reduced storm impact/loadingReduced storm impact/loading
-- Limited visual impactLimited visual impact

3. INSTALLATION CLOSE3. INSTALLATION CLOSE -- Minimum transmission distanceMinimum transmission distance
ININ--SHORESHORE -- Depth limited design waveDepth limited design wave

-- Narrow wave direction spectrumNarrow wave direction spectrum

4. NON4. NON--TUNED, INSENSITIVETUNED, INSENSITIVE -- Robust simple controlRobust simple control
DEVICEDEVICE -- Not affected by marine growthNot affected by marine growth

-- Acceptably low capture efficiencyAcceptably low capture efficiency

CSIR CSIR LaborotoriesLaborotories

U.S. Civil Eng. U.S. Civil Eng. LaborotoriesLaborotories

Flume TestsFlume Tests

Extensive modelExtensive model
test test programmeprogramme



Proposed Site
National Grid
Power Stations

PotentialPotential
SWECSWEC

ApplicationApplication
770 MW  40 km array770 MW  40 km array

PrefeasibilityPrefeasibility 60 to 75 60 to 75 c/kWhrc/kWhr
(wind  50 to 60 (wind  50 to 60 c/kWhrc/kWhr))

Picture of caisson lowering

Placement barge

Unit suspended
from barge

Construction Construction 
ScenarioScenario

Subway joints



Power conversion Power conversion 
with varying wave ht.with varying wave ht.

PelamisPelamis

(Power shedding above 5m)(Power shedding above 5m)

SWECSWEC

SWEC Wave Extraction CharacteristicsSWEC Wave Extraction Characteristics
Effect of Power Shedding & Variable EfficiencyEffect of Power Shedding & Variable Efficiency

High energy spikes, which cannot be utilised,
are attenuated



Power conversionPower conversion
with varying with varying TTpeakpeak

PelamisPelamis
(100% at 7.5 sec = 50% at 12 sec)(100% at 7.5 sec = 50% at 12 sec)

More suited to locally generated seaMore suited to locally generated sea

SWEC SWEC (100% at 12 sec = 75% at 8 or 15 sec)(100% at 12 sec = 75% at 8 or 15 sec)
More suited to long period swellMore suited to long period swell

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11

SWEC Phase 1

Development Phase 2

Phases Phase 3

Phase 4

770
650

520
390

260
Rated Output (MW) 130

5

Phase 5

SWEC development SWEC development programmeprogramme
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D
etailed design

D
etailed design
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Testing
Testing Implementation  Implementation  -- 770 MW 770 MW 



Constraints to Wave Power Constraints to Wave Power 
DevelopmentDevelopment

Coastal Sensitivity Atlas, and GIS mapsCoastal Sensitivity Atlas, and GIS maps
Protected Coastal Areas (marine reserves etc)Protected Coastal Areas (marine reserves etc)
Integrated Coastal Management BillIntegrated Coastal Management Bill

1. Shipping: 1. Shipping: 
South bound shipping on the East Coast, South bound shipping on the East Coast, utilisesutilises the inshore currentthe inshore current
West Coast pelagic fishing fleetWest Coast pelagic fishing fleet
Demarcated shipping lanes approaching ports and CapesDemarcated shipping lanes approaching ports and Capes

2. Environmental Protection2. Environmental Protection

3. Legal Constraints3. Legal Constraints
Offshore mining rights (gas, oil and diamonds)Offshore mining rights (gas, oil and diamonds)
Risk of private investment in Public DomainRisk of private investment in Public Domain

4. Unique Engineering Problems4. Unique Engineering Problems
Extremely high inshore storm wave conditionsExtremely high inshore storm wave conditions
Freak waves off East Coast due to current/wave interactionFreak waves off East Coast due to current/wave interaction
East and West Coast sediment transport >600 000 mEast and West Coast sediment transport >600 000 m3 3 papa



Coastal legislation in South AfricaCoastal legislation in South Africa

TO BE REPLACED BY NEW COASTAL BILL

CONCLUSIONSCONCLUSIONS
1.1. Technology supporting Technology supporting utilisationutilisation of Salinity Gradientsof Salinity Gradients

and Biand Bi--conversion not yet sufficiently developed.conversion not yet sufficiently developed.
2. OTEC and Tidal energy extraction not viable as significant 2. OTEC and Tidal energy extraction not viable as significant 

power sources, along the South African coast.power sources, along the South African coast.
3. Current Power is available as a relatively stable resource, b3. Current Power is available as a relatively stable resource, butut

at low density levels of about 2 kW/mat low density levels of about 2 kW/m22, , ieie 1kW/m1kW/m22 after after 
conversion.conversion.

4. Wave Power appears to be the more promising source of4. Wave Power appears to be the more promising source of
ocean energy at offshore levels of up to 45 kW/m annualocean energy at offshore levels of up to 45 kW/m annual
average and inshore levels reaching 30 kW/m annual average, average and inshore levels reaching 30 kW/m annual average, 
mainly along the SW coasts, and reducing to probably about mainly along the SW coasts, and reducing to probably about 
10kW/m annual average, after conversion.10kW/m annual average, after conversion.

5. Potential converted wave power along the RSA coast, allowing 5. Potential converted wave power along the RSA coast, allowing 
for other constraints, probably totals 8 000 to 10 000 MW.for other constraints, probably totals 8 000 to 10 000 MW.


