SOURCES of OCEAN ENERGY

SALINITY GRADIENTS 240m head
THERMAL GRADIENTS

TIDES

WAV =S

OCEAN CURRENTS

BIO-CONVERSION
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SALINITY GRADIENTS

Potential head of 240m at interface of fresh
and sea water, particularly river mouths

Precesses include pressure retarded
0Smoesis and reverse electro-dialysis or
gasi pressure differentials

Prelblemsiwithrbielegical feuling ofi
membramnes, sliew: filew: rates and brine
dispoesali(canthewever, bere-used)

Jlechnelegy notyet suiiiciently advanced




OCEAN THERMAL ENERGY
CONVERSION (OTEC)

o Utilises temperature gradient between
surface and deep ocean waters(500m to
1000m)

s Based on Claude or Rankine cycles

o Minnmuml temperature gradient oii 202 C;
(prietieraly: 24°°C) o) econemic Vialaniiny:

OIEC CYCLE




50 kW test platform
off Hawaii
(Mini OTEC)

PARM WATER
rune

THRUSTER

Advanced stage of viability testing
previeusly: achieved inf USA

EQUIFMENT "y WARM SUSFACE
HANDLING AREA S )

EQUIPMENT
AFEA

cow m?éﬁ OTEC 400 MW POWER PLANT
FROM 2, 500 FOOT 4 m E!l‘ﬁil MOUNTED CWP
SWIVEL-TRAPEZE

MOORING SYSTEM

LAl o Ploposed 400 MW lland based converter
ggw:g&gﬁgﬁm (small demonstration plant presently operating

TO CHANGING in Hawaii)
CURRENTS

POWER CABLE 265 MWiileating

TRANSMITS
ELECTRICITY conyverter in
o) anchoredor ~ OTEC CONCEPTS

“giazing” moede




O EC Powered Vanmer =anm

- US programme curtailed :',7 L)
due te uncertain

Gradient off 162€ in 600m| depth
available ofiff SouthrAfirican East Coast
but in a high energy: area with hieavy,
shipping activity;

Potentiall OTEC sites| close tor shore




TIDAL POWER

» Generally accepted that a mimimum; tidal
range of 5m (preferably >10m)iis required
fior economic viability in' barrage schemes.

o Existing schemes at Rance Estuary (11mte
13.5m rrange, peak output off 2401 VIWMY), and
Kislaya Inlet (A00k\W expanding te 3201 VIMY)

o Viany: prepoesals fer Sever estuany (UK,
Biay: el Etindy, SeuthrKoerea, Japan ete

=

Average tidal range in South Africa ﬂ’\%f A
only 1.05m, Springs about 1.5m
= (Small-scale kinetic energy extraction
__4~ incoastal lagoons might be possible) ..

Sites ol Pessible Tidal Pewer Statiens with' L0m+ range




Tidal Streams

Shallow water currents generated by tides, extracted by
vertical or horizontal axis turbines, in currents of at least 2m/sec

An example is the SeaGen Tidal Stream
Turbine, comprising twe 15 m diam twin
axial flow retors rated at 1L IVIVW.
(Presentlysundergoing tests in the
Strangjiord Narrews ofit Northerm lreland)

MOST PROMISING TIDAL STREAM SITES
in South Africa with
depth averaged currents of about 1m/sec
and water depths ofi 6 to 7 m

Kinysna Heads




OCEAN CURRENTS

o Typified by low energy density and variable
direction and velocity.

s Extraction can be by vertical or horizental
axis turbine, savenius or hinged blade
roters with flew: enhancement ducts,
electromagnetic Induction ete

Submerged uni-directional
flew turbine




LARGE DISK

FLYWHEEL \/ertical axis
multi directional

(Conversion efficiencies
of about 50 to 60%)

CABL
SINGLE POINT DRIVE

LI near — MOORING
conversion

System DRIVEWHEEL —

CURRENT FLOW

-—

EAST AFRICAN
COAST CURRENT

SOUTH

EQUATORIA
(\) NJPHH\H

Similar to
Kuroshio |
and
Miami
currents

SOUTHERN| DCEAM CURRENT

Agulhas Wesiern Boundany, Current System
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Durban

f Focus Zone
from
Port Edward
({0}
Bashee River

.

N-going

Current follows
. Ly 10 15 200m depth
contour

CURRENT SPEED
in Knots

S-going

Current drift ohservations off Port Edward




Average
Energy Flux
about 2kW/m?
(= 1kW/m?
after conversion)

(More information
on microstructure
needed)

¥ Upto 2.5 m/sec

Current dyiit olbservations: ol Bashee River

WAVE POWER

\Wave Dynamics
\Wave Power Resource
\Wave Power Extraction

- Ship Propulsion
- Ellecinicity, Generation




P = (T, H2)
L,=16T?

Shallow water

Idealised particle motion

\. i |J]I:l” ) |l|i.l_l
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Random spectia

Wave Dynmamics

Wave Power Levels - Worldwide

Units: kW/m crest length




\Wave Generation Zone offf Southern Afrca

X

South African

Wave Climate

Incident Wave Roses




Ofshore ave Power Levels

Inshore Winter Wave Power

(along 20m contour)

2 = 12 sect (L= 2380im)
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" RECORDERS -

'
v
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MEQy Aty L. Y e SIMONS BAY

90% EXCEEDENCE

CAPE POINT

Inshere Pewer Levels ofi Slanekop

Examples of resource
analysis off
SW Coast




0% Occurrence of Power
at Saldanha Bay

PERCENTAGE OCCURANCE

70

AVERAGE
POWER  ChW/ml

LW/ ml

Seasonal Variation
at Salldaniia Bay,

POWER

SPRING SUMMER AUTUMN  WINTER

SEASCHAL, WVERAGE
YEARLY AVERAGE

Seasonall variation

WAVE POKER  (kM/m}

Seasenal andileng term
Varatens

Varation ever 5 yeals



Duration of Calms
VS
Return Period

(indicates backup or
storage requirements)

2.5 5 5
/YE;: RETURN PERIOD (YEARS)
/ :

Ocecurrence Distribution
Winter and Summer:

MAXIMUM POWER REACHED DURING
"CALM" PERIOD = 30 kH/i

Power Extraction
- Vessel propulsion

S

Linden’'s AUTONAUT




11 knots; under
moderate swell
conditions

Pretotype how-meunied
prepulsion vamnes




| & JiStern Trawler

(4.5 knots
inr a 1L.5m swell)

Free drifting
Weather huoy,

\Wave propelled
Station keeping
in Seuth Atlantic




WAVE POWER CONVERSION

Fateated Den. 27, OO0,

B Bt At B,

Heaving Host
ra

==

INVINTOR

SAMUEL I JOHES,

TICANEY



Cockerell Raft Attenuator =

Potential Energy

Pelamis
750 kW rating in 30m
water depths

WEM
\Wave Energy.
Viodule

AqUaBuoy,
2501 KW rating
N 50/te 60 m
water depthis

POTENTIAL ENERGY

PhReumatic \Wave Pump




Rotational
ConVverters

] Archimedes Wave Buey: - L VW

Co mpllant Wav#e" fiap
ROTATIONAL




Rectifyingl urbines

Eary OWE Tierminaters

WORK SYSTEM DRIVE SHAFT

WAVE | = WATER INLET GUIDE/

DIRECTION 3 \ g TURNING VANES

(FLUID FLY-WHEEL)

overtopping Dami Atoll

reservoir

Head Enhancemenit

(emergy; fiocus technigues)

Early propoesalfor Maumtius




Resonant point
absorbers

Heaving

Linearinductance generator

I\WE) Iayer pIEZoEelECtic

Wl ErENERJY: conversion Com pleX SyStemS

MORE POPULAR CONVERTERS

Range of smaller

floating devices
(lower cost
demonstration

phase)

OWE Terminator
attached! to breakwater

Shore mounted GWE Terminator




e

RESOURCE ANALYSIS S

DESIGN PHILOSOPHY

Spatial and temporal Total resource utilisa-
distribution of wave -=‘=~h“ tion or cost effective

/_‘
R T o
il

CONVERTER DESIGN
HYDRAULIC DESIGN STRUCTURAL DESIGM & MAINTENANCE

Tuned or flat response, attenuator or Materials, stability, construction
terminator, floating or fixed, efficiency

POWER GENERATION & TRANSMISSION ENVIRONMENTAL CONSIDERATIONS

Turbine design, A/C or D/C generation, Visual, ecological, sociological
load factor, energy storage, efficiency

CONVERTER DEVELOPMENT

EValuation) Criterna

(Resoeurce analysisishiould relate
o) converter design)

DESIGN PHILOSOPHY

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

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

2. Avoid need for storm over-design

3. Aim for reliability i aggressive envirenment
(design & construction technology: to be within existing capability)

4. Minimise need for energy: storage
(optimise device at low: power cut-affi levelltoravoid extreme power fluctuations

5. Minimise envirenmenial impact and hiazard ter shipping

6. Utilise high'levels;of pewer inshore




= . M’ 5 _| Air Turbine — AC Generator |

In Tower

- =i st Seabed Cable

— Submerged Collector
Arms : “V”

- e T g s -
? 4 N B e
v ity [T
/ Pumping = f'ht’-."
Chambers ; T
9 , &

g Y Y S T

Direction

L .‘ " - A% ,-/' §)Vater Level
e - Oscillates
* Water depth: 15-20m SU b m erg ed .'f"
N _=
s attenuator

SWEC

(Stellenbosch Wave
Energy Converter)

5 MW Rating

: Trapped
High Pressure Air Pocket
Air Duct

Trapped
Low Pressure Air Pocket

Air Duct

Low Pressure Phase




ACHIEVEMENT OF GOALS

1. FIXED STRUCTURE - Efficient reference frame
- Simple technology & maintenance

(no moorings or flexible transmission
lines, minimum moving parts below water)

2. SUBMERGED STRUCTURE - Reduced storm impact/loading
- Limited visuallimpact:

3. INSTALLATION CLOSE - Minimum transmission| distance
IN-SHORE - Depth limited design wave
- Narrew! wave direction spectrum

4, NON-TUNED; INSENSITIVE - Rebust simple control
DEVICE - Not affected by marine growith
- Acceptably low: capiture efficiency.

Flume Tests

Extensive model
test programme

U'S, Civil Engl. Laberoteres
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ity 80 to 75 c/icWhr
50 10 66Leli\WVir)
OCEAN

Proposed Site

St Helena
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ROBBEN ISLAND ¢
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Scarberought

Construction
Scenario




3.0 4.0 5.0
Significant wave height (Hsig, m)

Pelamis

PeWEr conversiion
Withr varying wave hi.

(Pewer shiedding| abeve 5m)

FPOWER GENERATED CMW3

N 3.0

WAVE HEIGHT ¢€H=) INM METERS

High energy spikes, which cannot be utilised,
are attenuated

POWER kW/m
o
=

15
DATE

POWER OCCURRENCE AT SLANGKOP FOR JANUARY 1982 :
—— AVAILABLE
w== GENERATED

SWEC Wave Extraction Characternstics
Effect oft Peower Shedding & Variable Efficiency




icle | idle | idle | idle | idle | idle | idle | idle | idle | idle | idle
29 | 26 | 23 | 21 | idle | idle | idle

idle | idle | idie | idle | idie | idie
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Implementation| - 770 MW

SWEC development pregramme



Constraints to Wave Power
Development

1. Shipping:
South bound shipping on the East Coast, utilises the inshore current

West Coast pelagic fishing fleet
Demarcated shipping lanes approaching ports and Capes

2. Environmental Protection

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

3. Legal Constraints

Ofifshiere mining rights (gas;, oil'andl diamonds)
Risk of privateinvestment in Public Demain

4, Unigue Engimeerng Preklems
Extremely highrinshoere stolim weave conditions

Freak waves off East Coast diue to current/ivave interaction
Eastiand\West Coasti sediment transpoiit >600 000im* pa
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SEA SURF ACE Low Water Mark

MNational Emvironmental Manogement Act 107 (1998) (NEMA)
Environmentol Lows Raotionalisation Act 51 [1997)
Environmentel Conservation Act 73 (1389
Canservation of Biological Diversity White Paper (1997)

CONTINENTAL SHELF Convention on Biological Diversity (1992)

—

Coastallegisiation i SeuthrAirca

CONCLUSIONS

. Technology supporting utilisation of Salinity Gradients

and Bi-conversion not yet sufficiently developed.

. OTEC and Tidal energy extraction not viable as significant
power sources, along the South African coast.

. Current Power Is available as a relatively stable resource, but
at low density levels ofi about 2 kW/m?2, ie 1kW/m? after
conversion.

. \Wave Power appears to be the more premising seurce of
ocean energy at offishoere levels oi up te 45 kW/m annual
average and inshore levelsireaching S0 kW/im annuallaverage,
mainly along the SW coasts, and reducing) te: prelkably abeut
10kW/mrannuial average; aiter conversion.

. Potential converted wave power aleng the RSA coast, allewing
fior ether constramts, prehably tetals 8i000ter 10r000  VIVVE




