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Harnessing the Oceans?

A sensible vision of New Zealand s renewable energy futur e should utilize a range of different
resources. One of thelesser known resourcesis the energy locked up in the oceans ar ound New
Zealand sometimestermed Marine Renewables. Ne w Zealand sits astride the Roaring Forties
and Furious Fifties, where winds regularly drive waves as high as three-stor ey buildings. The
landmass and its hidden submarine mountains guide massive ocean currents both from the north
and from the south. Because of the shape of the land, the rise and fall of the tides gener ate strong
currentsin some places. A seemingly infinite ener gy resour ce isavailable, but can we actually

harnessit?

A Secure Energy Future

Energy costs have always varied, depending on
global politics and resource issues. But there has
always been a sense that some price-equilibrium
existed. We now livein different times, to the
point where the recent increased traditional
energy costs may not be ablip - areturn to the
cheap energy of a decade ago may not be
possible. Thisisbecause society isless tolerant

of environmental impacts, both diffuse

(greenhouse emissions and climate change), and
local (awind turbine in ones backyard). At

the same time, through increasing technology

usage and expanding economies and

popul ations, we have increasing energy

demands.

Energy and the Environment

Perhaps only two generations ago it was very
much man against nature when it came to
natural resources and the environment now
there is a greater awareness of working with
nature as much as possible. Our growing
understanding of our role in changing our
climate through our greenhouse gas emissionsis
an example of thisawareness. Energy and
climate change are strongly linked, as many
forms of energy production produce greenhouse
gases.

Renewable energy is often promoted as the
cure to climate change seeking to provide

energy without serious harm to the
environment. New Zealand already has a high
usage of renewable energy through
hydroelectricity (dams), wind and geothermal
supply. However, we cant actualy store
electricity and these forms of energy are
intermittent , so these renewable energy sources
are dependent on the resource actually being
available at any given time. Theideal renewable
energy would be arange of resources that can be
balanced against one another. A big factor is
public perception - many people find the
environmental costs of these forms of energy to
be unacceptable. |s marine energy a solution?
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Marine Renewable Energy

There are two basic sources of marine renewable
energy tides and ocean swell waves. Wave
energy is generated by storms, usually far out to
sea, which create swell waves that can move vast
amounts of energy around the oceans with
almost imperceptible loss. The energy in these
waves can either be captured with shore-attached
devices, often like an artificial blow-hole, or by
devices moored far offshore where the wave
energy is largely unaffected by the seabed.

Tides are driven by the gravitational pulls of the
moon and sun. Tidal energy may be harnessed
in two ways; the first is by installing gates at the
entrance to well-suited bays and trapping the

water once the tide hasfilled the bay ( tidal
barrage ). The other form is tidal-stream
energy where what are essentially underwater
turbines are placed in regions of strong current.
While tides themselves are very regular and
predictable, weather and other processes have a
strong effect on the actual water levels and
currents experienced.

A third type of marine renewable existsin wind
turbines mounted at sea, now common in
Europe. Wind flow at seais quite different to
over land and many of the problems associated
with installing and maintai ning them are marine
in essence.

Technology

The basic power generation step involves taking
arotating magnet through an electric field and an
electric current results. So how to generate this
rotation? The answer is abrand new family of
marine species - giant sea-snakes, wave-dragons,
nodding ducks, undersea windmills, artificial
sea-beds and offshore blow-holes. Thisis not
sci-fi gonewrong they are all concepts for
extracting electricity from the ocean and all
exist currently at the testing stage and beyond.

Part of a Pelamis wave energy device being
towed for testing) courtesy of Ocean Power
Delivery (www.oceanpd.com)

An oil crisisin 1973 encouraged a number of
research groups to start exploring the potential of
marine renewable energy. For example, teamsin

Scotland and Japan devel oped devices that
pioneered the present devices and, importantly,
nurtured the talent that devel oped these ideas.
As an indication of how long these ideas can
take to mature, it is only now, 30 years later, that
the descendants of these devicesare going
commercial .

The first commercial wave energy technology is
set to be deployed off the coast of Portugal, The
device, called Pelamis, looks very much like a
floating sea-snake and is around 150 m long. It
resembles a modern super fast train and
essentialy flexes as the waves pass by, with the
joins between carriages forcing hydraulic fluid
through tubes that then turn electricity
generators. This device can produce around 750
kW (compared with an average NZ household
usage at around 1.2 kW?). Different

technol ogical approaches include bobbing buoys
and bottom mounted pressure-driven chambers.

The forefront of tidal stream technology is held
by devicesthat look like stubby wind turbines
mounted beneath the water surface
(http://www.marineturbines.com). The blades
arearound 20 m tip to tip and individual turbines
have produced around 400 kW. In order to
maintain rotational balance the turbines are
typically mounted as pairs, resulting in around
800 kW. These turbines turn electricity
generators. Alternative devices include floating
waterwheels, swaying fins and moored turbines.
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But all these devices need the resource to be
therein the first place. Does New Zealand have

sufficiently big waves and strong enough tides to
sustain this new technology?

Wave energy resourcein NZ what we do and don t k now

Waves that we see on our shorelines are often
generated half an ocean away. They are most
commonly measured with adevice called a
Waverider, a1 m diameter floating buoy
containing motion sensors, which is moored to
the sea bed in around 50 m water depth. The
Waverider rides up and down with the waves
and transmits the wave heights back to shore.
NSW in Australia operates around 7 of these
devices along what is effectively a straight coast
line. New Zealand on the other hand operates
just 5 Waveridersto cover afar greater variety of
situations.
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Figure 1: Mean wave energy flux derived from the
NIWA hindcast computer/satellite realisation of wave
conditionsin the New Zealand region from 1979-
1998 (image R. Gorman NIWA).

Without direct measurement we need to resort to
a combination of satellite data and computer
models. This has enabled us to estimate waves
anywhere around New Zealand at any time over
the past 20-30 years in a computer hindcast.

These models operate by approximating and
averaging processes and so there will always be
aneed for direct measurement. More
Waveriders would go along way to bringing
New Zeaand in line with other countries serious
about marine energy and would also provide up
to the minute information to surfers, shipping
and ferries, yachties and so forth.

A minimum wave energy flux (the rate of energy
transfer per unit area and time) of around 20
kW/m of coastline is thought of as a threshold
for economic viability. The hindcast estimates
for New Zealand show that the south- and west-
facing coasts are the most wave-impacted with
maximum energy levels at around the 50 m
depth line reaching around 40 kW per m of
coastline. On average the estimated energy
levels are around 25 kW per metre of coastline.
The east coast |ooks unsuitable but the west
coast is reasonably consistent, while the south
east coast is subject to agreat deal of variability.

Mooring any object in wavesisalwaysrisky. As
research progresses we need to understand how
the waves and the device affect each other in
more detail. For example, how closely can the
devices be placed without creating a substantial
wave-shadow? What happensto the deviceiif it
is subject to strong currents as well as waves?
This often occurs during storms. Can a mooring
be designed that withstands this and even orients
the device to provide greater security?

Tidal energy resourcein NZ what wedo and dont know

Tidal rangesin New Zealand are not that great
compared to many coasts elsewhere. New
Zealand s shape and location resultsin the
largest tides reaching around 4 min range,
whereas tides reach 11 m off the Northwest shelf

of Australiaand 17 min the Bay of Fundy in
Canada. The largest tidesin New Zealand

are found along the west coast from Tasman Bay
through to Cape Reingain the north.
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although this is a technological limitation that

will presumably be improved upon. Because of
the small tidal ranges in New Zealand the
associated flow speeds are also small, as
generally high tidal ranges correspond to high
tidal speeds. Consequently, tidal flows off most
open-coasts are quite weak. The entrances to the
Manukau, Kaipara, and Hokianga harbours
would be suited to small developments as would
Tory Channel and other locations in the
Marlborough Sounds. However, the shape of
New Zealand’s land mass results in relatively
small tidal-range driving quite large flows in

both Cook and Foveaux Straits, providing more
than enough flow for viable energy production as
flows can reach speeds well in excess of the 2.5
m s*threshold. We know the basic tides can
reach 2 m$ in places and measured currents in
Cook Strait have sometimes been almost double

Figure 2: (above) A map of the magnitude of tidal the expegtgd t'dal_ flow. This $uggests attimes
ellipse which correlates with available energy and specific locations there will be ample
showing hotspots and (below) a focus on Cook Strait  €SOUrce.
(images: R. Walters, R. Msadek/S. Popinet —NIWA).

A number of enclosed harbours (Manukau,

Kaipara, Raglan, Hokianga) along the North-
west coast might be potential sites for tidal
barrages. However, while this technology has
improved, so that the modifications to the overall
flows are minimized, the effect of changing the
way a harbour flushes may be far reaching.

A misleading statement with regard to tidal
energy is that it “is totally predictable”. Whiie

is true that tides are readily predictable, turbine
are driven by ocean currents which include many
other factors as well as tides. Cook Strait for
example is notoriously variable due to effects
like wind-driven currents, changes in ocean
circulation, headland eddies and so forth. We
can measure these currents with ship-based
operations to survey the currents and deploy
moorings. A promising technology is a radar
technique that maps the ocean surface currents in
real time over an area comparable to the central
part of Cook Strait

Tidal stream generation appears much more
suitable than a barrage approach as it likely has
less effect on the environment. However, tidal
stream generators at present require flows to
exceed around 2.5 n's
(http://www.marineturbines.com/background.htm

Environmental, Societal and Commercial Viability
There is an understandable focus on the actual ~ environmental factors and technology are linked.

technology that converts the energy. However a The resource has to be there, it has to be
successful development requires that a chain of  harvested in a reasonably efficient manner by
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