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1 INTRODUCTION  

The Energy Efficiency and Conservation Authority (EECA) and the Electricity 

Commission (EC) of New Zealand have appointed Power Projects Ltd (PPL) to 

provide a summary of the current marine energy developments and the 

intermediate-range outlook for New Zealand. Specifically, the objective is to 

provide advice on the potential development of marine energy generation to 

assist with the planning for future transmission and generation investments. 

MetOcean Solutions Ltd (MSL) has been subcontracted by PPL to provide an 

assessment of the open-coast wave and tidal energy resources.  

The aim of this report is to provide a framework to assess potential for 

deployment of marine energy devices, prior to the industry maturing and 

sufficient data becoming available for objective evaluation on generator 

performance and operation criteria (including opex-capex issues). As improved 

device and economic data becomes available, it is envisaged that this report will 

provide a basis for subsequent analysis of the applicability of the improving 

technology.   

1.1 Scope of work 

The scope of this report is to: 

·  Identify the spatial distribution of the open-coast marine energy 

resources in New Zealand (waves and tidal currents);  

·  Provide a quantitative description of the open-coast tidal resources, 

including a detailed examination of two primary locations (Cook Strait 

and Foveaux Strait);  

·  Provide a quantitative description of the open-coast wave energy 

resources, including detailed examination of six example locations that 

effectively bracket the typical wave energy range, and   
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·  Simulate the likely wave energy conversion using three generic wave 

power devices (based on the manufacturer’s specifications where 

available).  

The scope is achieved using the following methods: 

·  Undertake a region-scale 10-year numerical wave hindcast for New 

Zealand waters;  

·  Undertake depth-averaged tidal current modelling of New Zealand 

waters, with detailed modelling of the Cook Strait and Foveaux Strait 

regions;  

·  Produce maps of the open-coast wave and tidal energy resources;  

·  Produce maps of the wave statistics and power output from three generic 

devices;  

·  Undertake a time-series simulation of the wave power output from the 

three devices at six discrete locations, and  

·  Characterise the ocean current regime at potential Cook Strait and 

Foveaux Strait tidal power locations and simulate the power output with 

a generic current energy conversion device.      

Specific deliverables include: 

·  Summary maps of the open-coast tidal resource, wave climate, potential 

wave power, and energy output for generic wave conversion devices.   

·  Detailed analysis of two potential tidal energy regions and six wave 

energy sites, considering probable power output and seasonal variability. 
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1.2 Report structure 

This report is structured as follows. The data sources used to characterise the 

wave and tidal resources are detailed in Section 2. Wave energy definitions are 

presented in Section 3 and information on the conversion of tidal stream energy 

is presented in Section 4. Wave energy resource maps are provided in Section 5, 

and more detailed site assessments for wave power are included in Section 6. 

Open ocean tidal energy resources for New Zealand are provided in Section 7, 

including detailed assessments of Cook Strait and Foveaux Strait. The report 

findings are summarised in Section 8 and the references cited are listed in 

Section 9.     
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2 METOCEAN DATA SOURCES 

2.1 Numerical hindcasting 

Metocean data for the marine energy assessment have been generated using a 

numerical hindcasting technique, which recreates the time-series of wave 

conditions and tidal flow conditions.  

For the wave hindcasts in this study, a NZ wide domain was used (Fig. 2.1) with 

a longitude/latitude grid with resolution of 0.05
 by 0.05
 (approximately 4.5 

km by 5.4 km). Tidal current modelling was carried out on the NZ grid at a 

resolution of 0.06
 by 0.06
 (approximately 5.6 km by 6.6 km) and on two 

nested, high-resolution domains over the Cook Strait region (Fig 2.2) and the 

Foveaux Strait region (Fig. 2.3); nested grid resolutions were 0.002
 by 0.002
 

(approximately 170 m by 230 m) and 0.004
 by 0.004
 (approximately 340 m by 

450 m), respectively.  
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Figure 2.1 Regional-scale domain used for wave and tidal current modelling.  
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Figure 2.2 The nested high-resolution Cook Strait domain for tidal current modelling. 
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Figure 2.3 The nested high-resolution Foveaux Strait domain for tidal current 
modelling. 
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2.2 Wave hindcasting 

2.2.1 Wave model 

SWAN (Simulating Waves Nearshore) was used for all of the wave modelling. 

SWAN is a third generation ocean wave propagation model, which solves the 

spectral action density balance equation for wavenumber-direction spectra. This 

means that the growth, refraction, and decay of each component of the complete 

sea state, each with a specific frequency and direction, is solved, giving a 

complete and realistic description of the wave field as it changes in time and 

space. Physical processes that are simulated include the generation of waves by 

surface wind, dissipation by white-capping, resonant nonlinear interaction 

between the wave components, bottom friction and depth limited breaking. A 

detailed description of the model equations, parameterizations, and numerical 

schemes can be found in Holthuijsen et al. (2007). All 3rd generation physics are 

included. The Collins friction scheme is used for wave dissipation by bottom 

friction. 

The solution of the wavefield is found for the non-stationary (time-stepping) 

mode. Boundary conditions, wind forcing and resulting solutions are all time 

dependent, allowing the model to capture the growth, development and decay of 

the wavefield. 

2.2.2 Boundary conditions 

The wave spectra on the open ocean boundaries of the coarse domain were 

obtained from the NOAA WAVEWATCH III (NWW3) solution. NWW3 is a 

state-of-the-art wave generation, propagation and transformation model for 

forecasting the evolution of directional wave energy spectra across the global 

oceans.  

Along the open boundaries of the model domain, the primary statistical 

parameters of the incoming wavefield are interpolated from the NWW3 

hindcast solution. Boundary spectra are then reconstructed by assuming a bi-

modal Ochi-Hubble shape. 
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Boundary conditions for the high resolution nested grid come directly from the 

coarse domain. 

2.2.3 Winds 

The regional wind field is very important for wave generation. A spatially 

varying wind field was specified from a blended global wind product developed 

by MSL. These data are 10m wind velocity vectors in a 3-hourly gridded format 

at a resolution of 0.25° of longitude and latitude. The wind field is a 

combination of the 6-hourly Blended Sea Winds data1 and the winds from the 

NWW3 hindcast. The blended data product combines the benefits of measured 

satellite data with the temporal resolution and continuous coverage of the 

modelled re-analysis. 

2.2.4 Validation 

The hindcast wave model outputs have been validated with wave buoy data 

from numerous locations around New Zealand (ranging from 10-110m depths). 

A validation plot for one of these locations is shown in Figure 2.4, in the highly- 

complex western Cook Strait. In this region there are rapidly changing wave 

conditions and strong gradients in local wave generation due to topographic 

forcing of the winds between the North and South Islands.  

The wave model validation process has been undertaken as part of the 

engineering design specifications for the offshore oil industry, which have used 

the MSL hindcast data in the development of the Kupe, Pohokura, Tui and 

Maari Fields, plus applications in the Maui Field. Extensive peer-review of the 

methods and outcomes has been undertaken by a range of international experts, 

including marine warranty surveyors, design engineers and consulting 

oceanographers. The hindcast data have also been applied to harbour design and 

underkeel clearance applications, which have received peer-review by 

international experts. 

                                                
1 From NCDC, NOAA, Zhang (2006). 
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Figure 2.4 Validation time-series comparing the MSL wave hindcast with 
waverider buoy data collected at the Kupe Gas Field (35 km south of 
Hawera). See Figure 3.1 for location.  

 

2.2.5 Spectral parameters 

Directional wave spectra were output at hourly intervals over the hindcast run, 

and 10 years of data were available for the present study (1998 – 2007). The 

standard spectral wave parameters were derived as follows. 

Given a directional wave spectrum ),( qfS , the 1-dimensional spectrum is 

obtained by integrating over directions: 

�=
p

qq
2

0

),()( dfSfS       (2.1) 

From the computed spectral energy density S(f), the peak frequency fp and peak 

energy Sp = S(fp) of the spectrum are located.  Spectral moments 
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M f S f dfj
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are computed, allowing further statistics to be defined: 

significant height 04 MH s =     (2.3) 

mean period  101 MMTm =     (2.4) 

mean apparent period 202 / MMTm =    (2.5) 

mean frequency f M Mmean = 1 0/    (2.6) 

mean crest period T M Mcr = 2 4/    (2.7) 

spectral width  SW
M

M M
= -1 2

2

0 4
   (2.8) 

Tm2 is often used as a spectral approximation of the zero-down-crossing period 

statistic Tz.  

Directional moments are: 
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and the directional spread  is 
0

222
2

M
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The spectral peakedness parameter (Goda, 1970) is given by 
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2.3 Tidal current modelling  

The MSL implementation of POM (Princeton Ocean Model) was used to 

hindcast the tidal currents in the New Zealand region. POM is a primitive 

equation ocean model that numerically solves for oceanic current motions. The 

details of model implementation are described in Mellor (2004)2. POM has been 

used for numerous scientific applications studying oceanic and shelf circulation.  

2.3.1 Current Model 

For the tidal simulations, POM was used in a vertically integrated two-

dimensional mode, solving the momentum and mass conservation equations 

given by: 
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where t is the time, u and v are the depth-averaged velocities in the x and y 

directions respectively, h the MSL depth, �  is the elevation of the surface, g the 

gravitational acceleration, f the Coriolis parameter, �  the density of water, and 

Pa is atmospheric pressure. AH is a horizontal eddy viscosity coefficient, 

calculated with a Smagorinsky parameterisation, 
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2 The numerical model code is freely available as open source code. 
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with Cm set at 0.2. 

The surface and bottom shear stress, �w and �b are due to wind and bottom 

friction. The bed shear stress is parameterised with a quadratic type friction law,  

( ) ( )vvuCuvuC D
y
bD

x
b

2222   +=+= tt    (2.16 a,b) 

that depends on an adjustable drag coefficient, CD ~ 10-3. Surface shear stresses 

are set to zero for the tidal simulations. 

The model equations are solved with finite differences and explicit time-

stepping, limited by a Courant condition. A time step of 8 s was used for the 

regional grid, and a time step of 5 s for the nested fine-scale grid. 

2.3.2 Boundary conditions 

The same boundary conditions are applied at all open boundaries. For the 

surface elevation, an Orlanski (1976) type radiation boundary condition is 

applied, but with the normal component of the outgoing phase speed determined 

as the normal projection of the full oblique phase speed. (NPO in Marchesiello 

et al., 2001). For the normal component of depth-averaged velocity, nu , a 

Flather (1976) type constraint is used, 

( )bb
nn h

g
uu hh -+=       (2.17) 

The boundary values of bnu  and bh are known boundary values for the surface 

elevation and depth-averaged current.  

The TPXO7.0 global inverse tidal solution (Egbert and Erofeeva, 2002) was 

used to prescribe the tidal elevation and current velocity around the coarse grid. 

Elevations and velocities from the coarse domain solution were then used for 

the boundaries of the fine scale grid. 
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2.3.3 Model output 

The 2D hydrodynamic model was run for a period of 40 days and then post-

processed to derive the primary nine tidal constituents (M2, S2, N2, K2, K1, 

O1, P1, Q1, M4) for each node in the domain. The modelled open ocean tidal 

flows have been validated at several sites in the offshore Taranaki region as part 

of the engineering design studies for oil and gas projects. The constituents of 

tidal elevation within the regional and high-resolution domains (i.e. Cook Strait 

and Foveaux Strait) were also validated against the published tidal constituents 

for discrete locations.  
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3 WAVE ENERGY DEFINITIONS AND CONVERSIONS 

3.1 Energy of the wave field 

The total wave energy (Et) is given by; 

  
2

8
1

gHEEE kpt r=+=
     (3.1) 

Where r  is the density of seawater (~1025 kg.m-3), g is the acceleration due to 

gravity (9.81 m.s-1) and H is the wave height. 

The total wave energy (eqn. 3.1) is the energy per unit wave crest length, 

averaged over the wavelength. An alternative energy estimate omits the 1/L 

term (Komar, 1976), and is found by multiplying Et by the wavelength (L) to 

define EL. According to linear theory,  

  
)tanh(

2

2

kh
gT

L
p

=
       (3.2) 

where T is the wave period, h is the water depth and k is the water wave 

number.   

3.2 Wave energy flux 

The energy flux (measured in watts per unit of wave crest, W.m-1), is the rate at 

which energy is being transmitted, and represents the power of the wave field. 

The energy flux (P) is the average energy in the wave multiplied by the rate at 

which that energy is propagating (i.e. the group velocity, Cg). 

  gCEP ´=        (3.3) 

where 
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and C is the wave celerity, given as 

  
)tanh(

2
kh

gT
C

p
=

      (3.5) 

From a spectrum of potential wave energy (i.e. measured or modelled), the 

energy flux can be estimated through integration over the entire spectrum. 

However, a wave spectrum is not always available so an alternative parametric 

deep-water estimate (Pp) is often applied (Hagerman and Bedard, 2003); 

  242.0 spp HTP =       (3.6) 

where Tp is the peak spectral wave period. This parametric estimate of the 

available wave power (eqn. 3.6) provides a very similar result to the spectral 

integration method in deep water. The spectral integration method is used in this 

report to represent the available wave power for generation assessment.  

The ability of a specific device to extract energy from a spectral sea state is 

typically reported by the developers as a ‘power matrix’. This matrix provides a 

power output for any combination of the wave height - wave period estimates. 

Typically, the significant wave height (Hs) is used along with the wave energy 

period (Te), where in deep water. 

0

1

m
m

Te
-=

       (3.7) 

In intermediate depths it is important to take account of the effect of depth on 

wave group velocity. The most appropriate way to consider energy period is 

from the conceptual definition as the period of the regular wave that has “the 

same parametric height and the same power density as the sea-state under 

consideration”.  If the total power density and the parametric wave height (Hs) 

are already known, this leads to, 
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      (3.8) 

Alternatively, Burger et al (2005) derived the energy period (Te) based on the 

Bretschneider spectrum, where  

  ze TT .15.1= , or       (3.9) 

  pe TT .86.0=         (3.10) 

where Tz is the zero down-crossing wave period and Tp is the peak wave period. 

It is worth noting that the definitions and equations for wave power are depth-

integrated, and provide a measure of total power that might be extracted by a 

perfect device. However in reality a wave device usual operates at the surface or 

in a discrete part of the whole water column, and could not recover all of the 

available power. 

3.3 Wave power devices 

There are various types of possible wave power devices, including the point 

absorber; surfacing following or attenuator; terminator (perpendicular to wave 

propagation); oscillating water column; and overtopping device. Within this 

range of devices, the power take-off mechanisms include: hydraulic ram, 

elastomeric hose pump, pump-to-shore, hydroelectric turbine, air turbine, and 

linear electrical generator.  

The available power matrix data released by developers are typically derived 

from tank testing or numerical modelling (or a combination of both), but to date 

few (if any) have been validated with full-scale tests. The sea-states referred to 

by the height and period parameters are therefore usually two-parameter 

idealised models (such as the Bretschneider spectrum) combined with a simple 

directional spreading function. 

This report examines the possible power recoverable for three different wave 

energy devices, based on their published power matrices; 
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·  750 kW Pelamis device. This device has 4 segments and 3 power 

modules and, for wave events with Te > 13 s, the Te = 13 s power curve 

has been applied. The power matrix is provided in Table 3.1, based on a 

significant wave height and peak spectral wave periods.   

·  Hypothetical modified 1500 kW Pelamis device. The University of 

Edinburgh (2006) scaled up the Pelamis power matrix to represent 

anticipated future machines. This matrix (Table 3.2) assumes a device 

180 m in length, with 5 segments and 4 power modules, suitable for 

water depths ranging from 50-150 m.  For wave events with Te > 19 s, 

the Te = 19 s power curve has been applied, while for events with H > 3 

m, the H = 3 m power curve has been applied. RMS wave height is used 

in this matrix.  

·  Hypothetical 750 kW Single Point Absorber (SPA). This device has 

the performance characteristics described in Table 3.3, and specification 

listed in Table 3.4. For wave events with Te > 19 s the Te = 19 s power 

curve has been applied, while for events with H > 3 m the H = 3 m 

power curve has been applied. RMS wave height is used in this matrix. 
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Table 3.1 The 750 kW Pelamis power matrix (http://www.pelamiswave.com/media/power-matrix.jpg). Values are in kW. 

 
8 - - - - - - - 750 750 750 750 750 750 750 750 690 625 

7.5 - - - - - - 750 750 750 750 750 750 750 750 686 622 593 

7 - - - - - 750 750 750 750 750 750 750 750 676 613 584 525 

6.5 - - - - 750 750 750 750 750 750 750 743 658 621 579 512 481 

6 - - - - 750 750 750 750 750 750 711 633 619 558 512 470 415 

5.5 - - - 750 750 750 750 750 737 667 658 586 530 496 446 395 355 

5 - - - 736 726 731 707 687 670 607 557 521 472 417 369 348 328 

4.5 - - 544 635 642 648 628 590 562 528 473 432 382 356 338 300 266 

4 - - 462 502 540 546 530 499 475 429 384 366 339 301 267 237 213 

3.5 - 270 354 415 438 440 424 404 377 362 326 292 260 230 215 202 180 

3 129 198 260 305 332 340 332 315 292 266 240 219 210 188 167 149 132 

2.5 89 138 180 212 231 238 238 230 216 199 181 163 146 130 116 103 92 

2 57 88 115 136 148 153 152 147 138 127 116 104 93 83 74 66 59 

S
ig

. w
av

e 
he

ig
ht

 (
m

) 

1.5 32 50 65 76 83 86 86 83 78 72 65 59 53 47 42 37 33 

 1  22 29 34 37 38 38 37 35 32 29 26 23 21 - - - 

 0.5 idle idle idle idle idle idle idle idle idle idle idle idle idle idle idle idle idle 

   5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5 13 

 Wave energy period (s) 
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Table 3.2 Hypothetical 1500 kW Pelamis power matrix.  Values are in kW. 

 
3 - - - - - - - - - 1500 1500 1500 1500 - - - - 

2.75 - - - - - - - - 1500 1500 1500 1500 1500 1453 - - - 

2.5 - - - - - - - 1500 1500 1500 1500 1500 1470 1319 1192 - - 

2.25 - - - - - - 1500 1500 1500 1500 1500 1450 1350 1175 1039 900 - 

2 - - - - - 1500 1500 1500 1500 1500 1450 1320 1180 1008 865 750 635 

1.75 - - - - 1500 1500 1500 1500 1500 1440 1277 1119 971 845 724 607 490 

1.5 - - - 1450 1500 1500 1500 1460 1444 1253 1071 915 782 651 540 450 361 

1.25 - - 650 1258 1470 1450 1467 1299 1136 968 826 688 567 462 378 314 251 

1 - 95 427 871 1116 1170 1106 969 834 688 558 449 366 297 242 201 161 

0.75 - 53 241 525 730 769 709 605 493 397 317 254 206 168 137 114 91 

0.5 - 24 108 237 336 358 326 274 222 178 142 114 93 75 61 51 41 

0.25 - 5 27 62 88 94 85 72 58 47 33 22 18 14 10 5 0 

0 idle idle idle idle idle idle idle idle idle idle idle idle idle idle idle idle idle 

R
M

S
 w

av
e 

he
ig

ht
 (

m
) 

  3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

 Wave energy period (s) 
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Table 3.3  Hypothetical 750 kW SPA power matrix. Values are in kW. 

 
3 - - - - - - - - - 750 750 750 695 598 515 444 383 

2.75 - - - - - - - - 750 750 750 738 637 548 472 407 351 

2.5 - - - - - - - 750 750 750 750 671 579 498 429 370 320 

2.25 - - - - - - 750 750 750 750 694 604 521 449 386 333 288 

2 - - - - - 750 750 750 750 699 616 536 463 399 343 296 256 

1.75 - - - - 710 750 750 731 679 612 539 469 405 349 300 259 224 

1.5 - - - 546 609 645 650 627 582 524 462 402 347 299 257 222 192 

1.25 - - 347 455 507 537 542 522 485 437 385 335 290 249 214 185 160 

1 - 73 222 364 406 430 433 418 388 349 308 268 232 199 172 148 128 

0.75 - 41 125 273 304 322 325 313 291 262 231 201 174 150 129 111 96 

0.5 - 18 55 135 203 215 217 209 194 175 154 134 116 100 86 74 64 

0.25 - 5 14 34 70 107 108 104 97 87 77 67 58 50 43 37 32 

0 idle idle idle idle idle idle idle idle idle idle idle idle idle idle idle idle idle 

R
M

S
 w
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e 

he
ig

ht
 (

m
) 

  3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

 Wave energy period (s) 
 
 
Table 3.4 Hypothetical 750 kW Single Point Absorber wave energy converter characteristics 

 
Natural Period (s) 11 
Damping Coefficient 0.06 
Efficiency (%) 80 
Rating (kW) 750 
Radius (m) 6 
Stroke (m) 3 
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3.4 Wave model validation for wave power 

The MSL numerical wave hindcast model has been rigorously validated against 

measured wave data from around New Zealand, at nearshore and offshore (continental 

shelf) locations. However, the relationship between wave height and wave power is 

non-linear, which means that small errors in the hindcast wave heights can lead to very 

significant errors in the mean wave power assessment for a location. Also, the spatial 

and temporal scale used in the numerical hindcasting process is important so that 

topographic and bathymetric effects on the waves’ physics can be properly resolved. 

The scale factor may be important when comparing the high-resolution outputs from the 

MSL model with other wave hindcast results that have employed a coarser-scale 

domain.      

For the present assessment, a further regional validation process has been undertaken 

specifically for the derived wave power values. This exercise has been undertaken using 

waverider buoy data from six locations around New Zealand, as shown on Figure 3.1.  

For this validation analysis, the deepwater parametric method (eqn. 3.6) was used to 

estimate the wave power flux from both the measured and modelled wave data. This 

method was used because wave spectra were not available from all the buoy sites.  

The validation results (Table 3.5) clearly show that the wave model is accurately 

representing the average energy flux for the wide range of locations tested. The 

modelled results are all within 20% of the measured power values, and there are no 

indications of systematic under-prediction or over-prediction throughout the range of 

environments tested. This is a very robust validation, particularly considering the use of 

a parametric technique that assumes a generic spectral shape.      

A further validation was undertaken using the full wave spectral integration method, 

using measured wave spectra from the offshore Maari Field in August - September 

2003. During this period, the mean measured spectral wave power was 34.8 kW.m-1, 

while the hindcast spectral wave power for the same period was 38.8 kW.m-1.  

One of the most energetic coastal locations in New Zealand is the Southland region. 

During 1989, Electricorp Production commissioned a wave energy assessment 
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involving wave data collection in 90 m water depth in the Western Foveaux Strait 

(46.52083 S, 167.45833 E). Over the Autumn months of March-May 1989, the 

averaged measured spectral wave power was 65.4 kW m-1 and the mean significant 

wave height was 3.66 m (BTW, 1989). By comparison, the mean spectral power from 

the MSL hindcast model for this same location during all the March-May periods over 

1998-2007 was 73.7 kWm-1 and the mean significant wave height was 3.55 m.  

In summary, the hindcast techniques that have been applied in this assessment have 

received due scrutiny by international experts, and MSL hindcast wave data have been 

used extensively for the engineering design criteria within New Zealand’s’ offshore oil 

industry. Further, the site-specific validations for wave power clearly show that the 

MSL hindcast method provides a reliable representation of the wave energy resource.     
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Figure 3.1 Location of the wave power validation sites  
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Table 3.5 Wave hindcast validation results 

 
Data location Data source Duration   Mean Hs  

(m) 
Mean Hs2 

(m2) 
Mean wave power 

(W m-1) 
Measured 2.02 5.05 21281 Kupe Field  

  
MetOcean  Apr-Nov 2007 

  Modelled  2.02 4.88 22448 
Measured 2.23 6.2 27106 Maari Field  

  
MetOcean Sept-Dec 2007 

  Modelled  2.19 5.67 27213 
Measured 1.78 3.99 18039 Pohokura Field  

  
MetOcean Jun-Nov 2003 

  Modelled  1.94 4.38 20690 
Measured 1.26 2.13 9060 Baring Head 

  
NIWA/GWRC  Jan-Dec 2007 

  Modelled  1.16   1.88  8380 
Measured 2.01 4.69 21847 Steep Head NIWA/ECAN Jan-Dec 2007 
Modelled   1.74 3.71   17468 
Measured 1.99 6.20 19442 Steep Head NIWA/ECAN Mar-Dec 2003 
Modelled  1.88 4.11 18900 
Measured 0.99 1.36 5094 Bay of Plenty 

  
EBOP Jun-Dec 2004 

  Modelled  1.14 1.81 5647 
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4 TIDAL STREAM ENERGY DEFINITIONS AND CONVERSIONS 

4.1 Tidal flow energy 

The instantaneous power density (P) of a flowing fluid incident to an underwater 

turbine is given as; 

  3

2
1

U
A
P

Water

r=�
�

�
�
�

�       (4.1) 

where A is the cross-sectional area of flow intercepted by the device (i.e. the area swept 

by the turbine rotor, m2) and r  is the density of water (~1025 kg.m-3 for seawater) and U 

is the current speed (m.s-1). Because the power density varies with the cube of the 

current velocity (eqn. 4.1), it increases rapidly with current speed (i.e. Fig. 4.1).  

Power densities of 500 - 1000 W.m-2 are available for flow velocities of between 1-

1.3 m.s-1 (2-2.5 knots).  In order to determine the power density distribution for a 

particular site it is necessary to identify the velocity distribution and convert the velocity 

distribution into a power density distribution; from which various descriptive statistics 

can be derived (i.e. mean, median and percentiles of the power density distribution).  

 

Figure 4.1 Incident power density as a function of current velocity 
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4.2 Tidal stream devices 

There are two main categories of tidal devices; tidal barrages and tidal current turbines. 

Barrages are not open-coast devices and are not considered further in this report.  

Tidal stream devices operate using the same principle as wind turbines; generating 

power directly from the water current, typically where the flows exceed 0.5 m.s-1.  The 

turbines can be orientated either horizontally or vertically and the systems can be either 

floating or secured directly to the seabed. 

The recoverable tidal flow energy is limited by the characteristics of the site (i.e. water 

depth etc) as well as environmental considerations (i.e. the impact of a device on the 

circulation patterns). Typically the usable cross-sectional area available is limited at the 

top and bottom of the profile in order to facilitate navigational clearance requirements; 

eliminating the upper 15-20 m in water channels maintained for ocean-going vessels 

and 5 m elsewhere in order to provide clearance for shallow-draft vessels.  At the 

bottom the turbine should be above the low-speed benthic boundary layer, which is 

approximately 1/10 of the low water depth (~MLWS). The maximum energy that can be 

extracted is calculated from the power density multiplied by the usable cross-sectional 

area between the top and bottom limits as described above. 

4.3 Power recovery efficiency  

The power recovery efficiency and turbine performance can be estimated by 

considering the power conversion efficiency of each step of the extraction process, 

beginning with the power of the flowing water stream and proceeding through the 

turbine, drive train, generator and power conditions steps. 

Turbine efficiency varies with the velocity of water flow.  A plot of a turbines output as 

a function of flow speed typically consists of three regions; i) zero to cut-in speed, ii) 

cut-in speed to rated speed, and iii) greater than rated speed (Fig. 4.2)  
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Figure 4.2 Typical plot of turbine output power versus flow speed 

 

In Region I, velocities are below the cut-in speed and the turbines’ blades do not create 

sufficient lift to rotate the drive train so no power is generated. In Region III when 

velocities exceed the rated speed of the turbine, power output is held constant, typically 

at the turbine’s rated power, regardless of the velocity. Rated power output is 

maintained by either applying a force to the rotor shaft or changing the pitch angle of 

the turbine blades to generate less lift.  In Region II (between the cut-in speed and the 

rated speed) the turbine’s output depends on a chain of conversion efficiencies, 

including the turbines power coefficient (Cp) and the power take-off efficiency (h), such 

that; 

  h´´= pelectric CPP       (4.2) 

where P is the power density of the water passing through the area swept by the 

turbine, i.e. 

  AUP 3

2
1

r=        (4.3) 

Where A is the area swept by the turbine rotor. 
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The power coefficient (Cp) is the ratio of the actual power produced to the kinetic 

energy of a stream tube the same diameter as the rotor, and is given as; 

  
32

.

8
UD

P
C rotor

p

r
p

=       (4.4) 

where D is the rotor diameter. During its field trials, the 11 m diameter single turbine 

Seaflow tidal energy device had instantaneous Cp values ranging from 0.2-0.6.  When 

averaged, the values ranged between 0.38-0.45 depending on the current velocities. This 

appears to be fairly standard for tidal energy devices. The power take-off efficiency (h) 

is a function of the drive-train, generator and power conditioning of the unit, such that, 

  ngconditionipowergeneratortraindirve _hhhh ´´= -    (4.5) 

Cp The power coefficient - This is the efficiency with which the turbine extracts 

kinetic energy from the incoming flow.  For water flowing through an unshrouded 

turbine, maximum extraction efficiency occurs when the flow speed at the rotor face is 

reduced by 1/3 relative to the free-stream velocity, which yields an optimal extraction 

efficiency of 16/27(~59%, i.e. the Lanchester-Betz limit). Shrouded devices can achieve 

higher efficiencies.  Typical values of Cp for un-shrouded devices range from 0.2-0.6, 

and average out at around 0.45, or 45%. 

hhhhdrive-train The drive train efficiency.  This is the efficiency with which the energy 

extracted from the flow is delivered to the generator.  Typical values range from 80-

96% 

hhhhgenerator The generator efficiency.  This is the efficiency with which the mechanical 

energy input to the generator is converted to electricity.  Losses are primarily due to 

friction, and typical generator efficiency values range from 80-95%. 

hhhhpower conditioning The power conditioning efficiency.  This is the efficiency with which 

the electricity produced by the generator is conditioned to meet phase and voltage 

requirements of the local grid interconnection point.  Losses are primarily electrical 

energy dissipated as heat, and typical power conditions efficiency values range from 90-

98%. 
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For typical component efficiencies, the overall efficiency would be within the range of 

40%, which is the proportion of incident flow power converted into properly 

conditioned electric power output.   

4.4 Device specifics  

For the purpose of this assessment, the time-series simulation of power generation has 

considered two generic devices; an unshrouded turbine with a diameter of 16 m, and an 

unshrouded turbine with a diameter of 10 m. The device specifics are listed in Table 

4.1. Using these specifications, the generation of electrical power from the tidal stream 

was simulated in the time-domain at 15-minute intervals over a one-year period. The 

depth-average current speed was used directly for the simulation, rather than applying a 

current profile, which is a reasonable assumption given that the turbines used in this 

simulation occupy approximately the middle third of the water column. Site assessment 

results are provided in Section 7.   

 

Table 4.1 Generic tidal device specifications 

 
Parameter Device 1 Device 2 
Turbine diameter (m) 16 10 
Cut-in speed (m.s-1) 0.7 0.8 

Rated speed (m.s-1) 2.5 2.5 

Power coefficient (Cp) 0.45 0.50 

Drive-train efficiency 0.90 0.92 

Generator efficiency 0.90 0.95 

Power conditioning efficiency  0.95 0.95 
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5 WAVE ENERGY RESOURCE MAPS 

 
A series of New Zealand-scale maps are presented to characterise the wave energy 

resources. These maps are derived from the MSL 10-year wave hindcast, and provide 

approximately 5 km spatial resolution.  

The mean significant wave height is provided in Figure 5.1, showing a mean wave 

height gradient from the southwest of New Zealand to the northeast. The mean heights 

for an arbitrary sea fraction (T<10s) and swell fraction (T>10s) are presented in Figures 

5.2 and 5.3, respectively. These maps are useful for characterising the mean sea state, 

and clearly show that the northeast sector of New Zealand is sheltered from the 

dominant Southern Ocean swells. Wave power is proportional to the square of the wave 

height, and for reference purposes the mean significant wave height squared is 

presented on Figure 5.4.  

The maximum significant wave height over the period 1998-2007 is shown on Figure 

5.5, providing an interesting pattern. While the mean wave energy is higher on the 

South and West coasts, some of the largest wave heights were observed on the East 

Coast of the North Island (from Wairapapa – East Cape). Isolated areas of high wave 

heights, for example around the Coromandel, are signatures of a single isolated storm 

event in the 10-year time-series. 

Two figures that effectively characterise the New Zealand wave climate for potential 

generation are the mean wavelength of the equivalent energy period (Fig. 5.6) and the 

mean spectral wave power (Fig. 5.7). The mean wavelength plot shows the clear 

differences between the swell-dominated West Coast (with wavelengths around 150 m) 

and the sea-dominated East Coast (with wavelengths 50-100 m). The mean spectral 

wave power (Fig. 5.7) indicates that a mean annual resource of at least 30 kW.m-1 is 

available within about 15 km of the shoreline along most of the West Coast of New 

Zealand, excepting the Western Cook Strait region and the North Taranaki Bight. The 

most energetic location for wave power is the Southland coast, from Fiordland to the 

west of Stewart Island. Along the East Coast of New Zealand, only the Catlins region in 

South Otago has an equivalent resource to the West Coast. In the North Island, the 
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coastline from Wairarapa to East Cape is the next most energetic region, but with 

around one third of the median energy of the typical West Coast locations.          

The mean power output from the three wave power conversion devices (discussed in 

Section 3.3) are presented in Figures 5.8 – 5.10. These data are derived from a 10-year 

time-series simulation (1998-2007) and represent the mean output from a single device, 

calculated for every node in the hindcast domain.    
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Figure 5.1 Mean significant wave height (1998-2007) 



New Zealand Marine Energy Resources 

MetOcean Solutions Ltd   34 

 

Figure 5.2 Mean significant sea wave (T<10s) height (1998-2007) 
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Figure 5.3 Mean significant swell wave (T>10s) height (1998-2007) 
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Figure 5.4 Mean significant wave height squared (1998-2007) 
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Figure 5.5 The maximum significant wave height hindcast over 1998-2007 
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Figure 5.6 Mean wavelength (1998-2007) 
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Figure 5.7 Mean spectral wave power (1998-2007) 
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Figure 5.8 Mean power output from a single 750 kW Pelamis device (1998-2007) 
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Figure 5.9 Mean power output from a single 1500 kW Pelamis device (1998-2007) 
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Figure 5.10 Mean power output from a single 750 kW SPA device (1998-2007) 
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6 WAVE ENERGY SITE ASSESSMENTS 

6.1 Locations 

Six coastal locations have been selected for detailed analysis of their wave power 

potential (Table 6.1; Fig. 6.1).) These locations have been chosen to represent a range of 

wave climates around New Zealand, within the realms of feasible grid connectivity. A 

common distance of 6 km offshore has been selected at each site, providing a range of 

water depths from 23-65 m. Wave and wave power statistics have been extracted for 

these locations from the MSL New Zealand regional wave hindcast simulation.    

 

Table 6.1 Wave energy site assessment locations  

 
Station Southland Westport Cape Egmont Port Waikato Gisborne Wairarapa 
Depth (m) 31 65 51 23 39 62 
Distance offshore (km) 6 6 6 6 6 6 
Latitude -46.401 -41.734 -39.287 -37.440 -38.708 -41.126 
Longitude 167.677 171.390 173.682 174.635 178.148 176.137 
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Figure 6.1 Location of the wave power assessment sites  
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6.2  Summary statistics 

Summary statistics of the wave climate, wave energy and wave power for the mean, 

median and 99th percentile level are presented in Tables 6.2, 6.3 and 6.4, respectively. 

Of the sites examined, Southland is the most energetic and Gisborne is the least 

energetic. The West Coast locations (Westport, Taranaki and Port Waikato) all show 

very similar wave climate and wave power statistics. The Wairarapa location was 

approximately 25% more energetic than the Gisborne site.  

Notably, the East Coast occasionally experiences very energetic wave conditions (see 

Fig. 5.5), so while the mean wave energy is lower than the West Coast, the East Coast 

storm conditions have potential to be more severe, which has implications for the 

engineering design basis for a wave farm. Further, these occasional energetic storms are 

not a reliable wave power source, and the use of the median annual wave power 

statistics (Table 6.3) is better statistic for inter-site comparisons. For example, based on 

Table 6.3 the Wairarapa location has one third the energy resource of the typical West 

Coast environment.   

6.3 Wave height – period statistics 

The wave climate may be characterised with a joint probability distribution of the 

significant wave heights and peak spectral wave periods. These data are an essential 

requirement for a wave power assessment, and they are presented as parts-per-thousand 

in Tables 6.5 – 6.10. The data show that Southland and the West Coast locations are 

dominated by 10-14 s wave conditions, while the East Coast locations (Gisborne and 

Wairarapa) have slightly lower periods (8-12 s).      
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6.4 Wave power persistence exceedence statistics 

Persistence exceedence tables provide a useful method to examine the duration of the 

energetic conditions, and these matrices are provided for each of the six assessment 

sites in Tables 6.11-6.16. As an example interpretation: for the Southland location 

(Table 6.11) for 12% of the year the wave power is >80 kW/m for periods of 48 hours 

or more.  

6.5 Wave power variability 

The natural variability of incident wave power is an important consideration for the 

planning of electricity generation. To understand the variability of wave power on a 

daily basis, the hindcast wave power time-series was analysed for the standard deviation 

from the daily mean, and then normalised to the mean to provide an estimate of the 

percentage variability. Such variability estimates are provided for each of the six 

locations (Table 6.2), and a more detailed monthly analysis is provided for the energetic 

Southland location in Table 6.17. Typically, the daily power variability can be expected 

to range from 25 - 40%.  
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Table 6.2 Mean site-specific statistics based on 10-years hindcast data.  

Station (6 km offshore) Units  Southland   Westport   Taranaki   Port Waikato   Gisborne   Wairarapa  
Hs m 2.91 2.33 2.26 2.15 1.43 1.72 
Hs (swell, T>10s) m 2.05 1.60 1.51 1.49 0.68 0.89 
Hs (sea, T<10s) m 1.95 1.62 1.60 1.46 1.22 1.42 
Wavelength m 132 153 150 129 108 119 
Wave power kW.m-1 53.7 30.9 29.7 27.4 10.8 13.7 
Mean daily power variability % 29.4 25.8 27.0 26.4 38.2 35.1 
Pelamis 750 kW generator kW 228 158 149 129 88 109 
Hypothetical Pelamis 1500 kW generator kW 1354 1316 1275 1236 815 999 
Hypothetical SPA 750 kW generator kW 643 592 572 551 371 441 
Surface wave orbital velocity m/s 1.07 0.76 0.75 0.84 0.60 0.67 
Surface wave orbital velocity cubed m/s 1.72 0.65 0.67 0.86 0.45 0.55 
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Table 6.3 Median site-specific statistics based on 10-years hindcast data.  

Station (6 km offshore) Units  Southland   Westport   Taranaki   Port Waikato   Gisborne   Wairarapa  
Hs m 2.79 2.20 2.13 2.04 1.22 1.53 
Hs (swell, T>10s) m 2.02 1.52 1.45 1.45 0.53 0.74 
Hs (sea, T<10s) m 1.79 1.48 1.46 1.33 1.04 1.26 
Wavelength m 138 156 155 132 110 123 
Wave power  kW.m-1 40.8 22.6 22.2 21.3 5.2 7.3 
Pelamis 750 kW generator kW 216 130 116 104 38 76 
Hypothetical Pelamis 1500 kW generator kW 1500 1467 1460 1444 730 1116 
Hypothetical SPA 750 kW generator kW 750 627 582 582 325 430 
Surface wave orbital velocity m/s 1.02 0.71 0.70 0.80 0.52 0.60 
Surface wave orbital velocity cubed m/s 1.07 0.36 0.34 0.51 0.14 0.22 
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Table 6.4 Site-specific statistics at the 99th percentile non-exceedence level based on 10-years hindcast data.  

Station (6 km offshore) Units  Southland   Westport   Taranaki   Port Waikato   Gisborne   Wairarapa  
Hs m 6.37 5.22 5.04 4.72 4.23 4.73 
Hs (swell, T>10s) m 5.08 3.90 3.72 3.48 2.70 3.13 
Hs (sea, T<10s) m 4.23 3.84 3.75 3.50 3.60 3.84 
Wavelength m 203 256 243 188 202 233 
Wave power  kW.m-1 239.5 141.3 136.5 117.8 80.0 96.6 
Pelamis 750 kW generator kW 670 590 586 521 530 590 
Hypothetical Pelamis 1500 kW generator kW 1500 1500 1500 1500 1500 1500 
Hypothetical SPA 750 kW generator kW 750 750 750 750 750 750 
Surface wave orbital velocity m/s 2.17 1.70 1.71 1.81 1.61 1.71 
Surface wave orbital velocity cubed m/s 10.17 4.94 4.97 5.91 4.19 4.97 
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Table 6.5 Joint probability distribution (parts-per-thousand) of significant wave height and 

peak spectral wave period for the Southland assessment location. 

  

Location  Southland 
Peak spectral wave period (s)  

Hs (m) 0-2 2-4 4-6 6-8 8-10 10-12 12-14 14-16 16-18 18-20 Total 
> 0   <= 0.5 0 3.1 1.4 1.2 0.9 1.8 0.4 0 0.1 0 8.9 
> 0.5 <= 1 0 11.3 4.7 3.8 10.7 5.2 1.6 0.3 0.1 0 37.7 
> 1   <= 1.5 0 0.3 16.7 2.8 19.4 16.1 2.5 0.7 0.1 0 58.6 
> 1.5 <= 2 0 0 10.7 5.1 28.5 60 10 2.3 0.5 0 117.1 
> 2   <= 2.5 0 0 2 8.5 19.6 104.6 28.8 5 0.7 0 169.2 
> 2.5 <= 3 0 0 0 7.9 7.9 100.1 57.1 5.8 1.5 0.1 180.4 
> 3   <= 3.5 0 0 0 2.9 8.7 65.3 67.2 8.1 0.9 0.1 153.2 
> 3.5 <= 4 0 0 0 0.6 7.2 30.5 61.3 6.3 0.3 0 106.2 
> 4   <= 4.5 0 0 0 0.1 3.5 13.3 46.3 6.1 0.1 0 69.4 
> 4.5   <= 5 0 0 0 0 1.4 8.3 26.3 7 0.1 0 43.1 
> 5   <= 5.5 0 0 0 0 0.2 4.4 14.2 6.2 0.1 0 25.1 
> 5.5   <= 6 0 0 0 0 0.1 2.4 7.2 4.8 0 0 14.5 
> 6   <= 6.5 0 0 0 0 0 1.6 4 2.2 0 0 7.8 
> 6.5   <= 7 0 0 0 0 0 0.3 2.1 1.2 0 0 3.6 
> 7   <= 7.5 0 0 0 0 0 0.1 1.3 0.8 0 0 2.2 
> 7.5   <= 8 0 0 0 0 0 0.1 0.7 0.7 0 0 1.5 
> 8   <= 8.5 0 0 0 0 0 0 0.4 0.3 0 0 0.7 
> 8.5   <= 9 0 0 0 0 0 0 0.1 0.3 0 0 0.4 
> 9    <= 9.5 0 0 0 0 0 0 0 0 0 0 0 
> 9.5 0 0 0 0 0 0 0 0 0 0 0 

Total 0 14.7 35.5 32.9 108.1 414.1 331.5 58.1 4.5 0.2 1000 
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Table 6.6 Joint probability distribution (parts-per-thousand) of significant wave height and 

peak spectral wave period for the Westport assessment location. 

  

Location  Westport 
Peak spectral wave period (s)  

Hs (m) 0-2 2-4 4-6 6-8 8-10 10-12 12-14 14-16 16-18 18-20 Total 
> 0   <= 0.5 0 0.3 0.4 0.9 0.4 0.2 0.1 0.2 0.1 0 2.6 
> 0.5 <= 1 0 0.3 3.9 5.1 12 7.5 1.5 0.7 0.1 0 31.1 
> 1   <= 1.5 0 0 4 7.9 33.2 65.6 12.7 2.5 0.5 0 126.4 
> 1.5 <= 2 0 0 1.7 9.9 34.5 132.6 54.6 5.9 1.8 0.1 241.1 
> 2   <= 2.5 0 0 0.3 9.1 25.7 95 94.1 11.1 1.6 0.1 237 
> 2.5 <= 3 0 0 0 5.3 14.7 54.8 78.4 10.9 0.9 0.1 165.1 
> 3   <= 3.5 0 0 0 1.4 10.3 25.4 50.3 9.6 0.3 0 97.3 
> 3.5 <= 4 0 0 0 0.4 5.8 10.4 22.7 10.1 0.2 0.1 49.7 
> 4   <= 4.5 0 0 0 0 2.9 6 8.8 6.5 0 0 24.2 
> 4.5   <= 5 0 0 0 0 1.3 3.8 3.9 3.7 0 0 12.7 
> 5   <= 5.5 0 0 0 0 0.5 2.5 1.7 1.3 0 0 6 
> 5.5   <= 6 0 0 0 0 0.1 0.9 0.7 0.9 0 0 2.6 
> 6   <= 6.5 0 0 0 0 0 0.6 0.4 0.3 0 0 1.3 
> 6.5   <= 7 0 0 0 0 0 0.2 0.7 0.2 0 0 1.1 
> 7   <= 7.5 0 0 0 0 0 0 0.3 0.1 0 0 0.4 
> 7.5   <= 8 0 0 0 0 0 0 0.4 0.2 0 0 0.6 
> 8   <= 8.5 0 0 0 0 0 0 0.1 0.1 0 0 0.2 
> 8.5   <= 9 0 0 0 0 0 0 0.1 0.1 0 0 0.2 
> 9    <= 9.5 0 0 0 0 0 0 0.1 0.1 0 0 0.2 
> 9.5 0 0 0 0 0 0 0 0.2 0 0 0.2 

Total 0 0.6 10.3 40 141.4 405.5 331.6 64.7 5.5 0.4 1000 
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Table 6.7 Joint probability distribution (parts-per-thousand) of significant wave height and 

peak spectral wave period for the Taranaki assessment location. 

  

Location  Taranaki 
Peak spectral wave period (s)  

Hs (m) 0-2 2-4 4-6 6-8 8-10 10-12 12-14 14-16 16-18 18-20 Total 
> 0   <= 0.5 0 0.9 1.3 1.7 3.2 1.3 0.4 0.3 0 0 9.1 
> 0.5 <= 1 0 1.2 4 4.6 11.6 13.9 3.1 0.8 0.3 0.1 39.6 
> 1   <= 1.5 0 0 4.7 9 29.2 74.9 17.3 2.8 0.8 0.1 138.8 
> 1.5 <= 2 0 0 2.8 12.5 28.2 117.7 72 8.8 1.9 0.1 244 
> 2   <= 2.5 0 0 0.1 14.1 18.4 79.1 104.3 13.1 1.8 0.2 231.1 
> 2.5 <= 3 0 0 0 8.4 15.8 40.1 79.2 12.6 0.5 0 156.6 
> 3   <= 3.5 0 0 0 1.9 13.5 17.9 46.3 12.4 0.3 0.1 92.4 
> 3.5 <= 4 0 0 0 0.4 7.5 7.5 19.6 9.9 0.2 0.1 45.2 
> 4   <= 4.5 0 0 0 0 4.1 5.6 7 6 0 0 22.7 
> 4.5   <= 5 0 0 0 0 1.2 3 2.8 3.2 0 0 10.2 
> 5   <= 5.5 0 0 0 0 0.3 1.8 1.1 1.4 0 0 4.6 
> 5.5   <= 6 0 0 0 0 0.1 1.2 0.7 0.4 0 0 2.4 
> 6   <= 6.5 0 0 0 0 0 0.5 0.4 0.2 0 0 1.1 
> 6.5   <= 7 0 0 0 0 0 0.4 0.4 0.1 0 0 0.9 
> 7   <= 7.5 0 0 0 0 0 0 0.3 0.1 0 0 0.4 
> 7.5   <= 8 0 0 0 0 0 0 0.1 0.1 0 0 0.2 
> 8   <= 8.5 0 0 0 0 0 0 0 0 0 0 0 
> 8.5   <= 9 0 0 0 0 0 0 0.1 0.1 0 0 0.2 
> 9    <= 9.5 0 0 0 0 0 0 0 0.1 0 0 0.1 
> 9.5 0 0 0 0 0 0 0 0.1 0 0 0.1 

Total 0 2.1 12.9 52.6 133.1 364.9 355.1 72.5 5.8 0.7 1000 



New Zealand Marine Energy Resources 

MetOcean Solutions Ltd   53 

 
Table 6.8 Joint probability distribution (parts-per-thousand) of significant wave height and 

peak spectral wave period for the Port Waikato assessment location. 

  

Location  Port Waikato 
Peak spectral wave period (s)  

Hs (m) 0-2 2-4 4-6 6-8 8-10 10-12 12-14 14-16 16-18 18-20 Total 
> 0   <= 0.5 0.2 3.2 0.3 1.7 2.1 0.6 0.3 0.2 0.2 0 8.8 
> 0.5 <= 1 0 5.4 2.9 2.6 13.4 15.3 4.2 1 0.5 0.2 45.5 
> 1   <= 1.5 0 1 8.5 7.4 26.4 83.4 23.1 4.4 1.3 0.1 155.6 
> 1.5 <= 2 0 0 3.8 11 20.4 131.8 88.2 12 2.1 0.1 269.4 
> 2   <= 2.5 0 0 0.2 6.5 11.3 71.6 128.3 16 1.9 0 235.8 
> 2.5 <= 3 0 0 0 3.9 9.3 28.2 86.9 17.7 1 0.1 147.1 
> 3   <= 3.5 0 0 0 0.8 6.5 11.1 38.9 16.6 0.3 0.1 74.3 
> 3.5 <= 4 0 0 0 0 3.4 5.6 13.7 10.2 0.2 0 33.1 
> 4   <= 4.5 0 0 0 0 1.6 4.6 4.6 5.4 0.1 0 16.3 
> 4.5   <= 5 0 0 0 0 0.4 2.8 2.3 2 0.1 0 7.6 
> 5   <= 5.5 0 0 0 0 0 1.5 0.9 0.7 0 0 3.1 
> 5.5   <= 6 0 0 0 0 0 0.8 0.4 0.4 0 0 1.6 
> 6   <= 6.5 0 0 0 0 0 0.2 0.6 0.2 0 0 1 
> 6.5   <= 7 0 0 0 0 0 0 0.3 0.2 0 0 0.5 
> 7   <= 7.5 0 0 0 0 0 0 0.2 0.1 0 0 0.3 
> 7.5   <= 8 0 0 0 0 0 0 0 0 0 0 0 
> 8   <= 8.5 0 0 0 0 0 0 0 0 0 0 0 
> 8.5   <= 9 0 0 0 0 0 0 0 0 0 0 0 
> 9    <= 9.5 0 0 0 0 0 0 0 0 0 0 0 
> 9.5 0 0 0 0 0 0 0 0 0 0 0 

Total 0.2 9.6 15.7 33.9 94.8 357.5 392.9 87.1 7.7 0.6 1000 
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Table 6.9 Joint probability distribution (parts-per-thousand) of significant wave height and 

peak spectral wave period for the Gisborne assessment location. 

  

Location  Gisborne 
Peak spectral wave period (s)  

Hs (m) 0-2 2-4 4-6 6-8 8-10 10-12 12-14 14-16 16-18 18-20 Total 
> 0   <= 0.5 0.2 10.3 1.9 8 5.9 12 10.5 3.1 0.4 0 52.3 
> 0.5 <= 1 0 36.9 11.8 36.5 59.5 92.9 56.6 5.6 0.2 0 300 
> 1   <= 1.5 0 2.7 17.1 35.8 95.1 80.2 53.6 3.1 0 0 287.6 
> 1.5 <= 2 0 0 6.4 26.2 64.3 45.5 19.1 1.2 0 0 162.7 
> 2   <= 2.5 0 0 0.6 17.3 31.5 35.7 7.9 0.8 0 0 93.8 
> 2.5 <= 3 0 0 0 8.5 14.7 22.1 5.4 0.3 0 0 51 
> 3   <= 3.5 0 0 0 2.2 9.6 11.3 3.3 0.1 0 0 26.5 
> 3.5 <= 4 0 0 0 0.1 5.1 5 2 0.1 0 0 12.3 
> 4   <= 4.5 0 0 0 0 2.3 2.7 1.1 0 0 0 6.1 
> 4.5   <= 5 0 0 0 0 0.7 2 0.6 0 0 0 3.3 
> 5   <= 5.5 0 0 0 0 0.2 1.2 0.4 0 0 0 1.8 
> 5.5   <= 6 0 0 0 0 0 0.6 0.2 0 0 0 0.8 
> 6   <= 6.5 0 0 0 0 0 0.4 0.3 0 0 0 0.7 
> 6.5   <= 7 0 0 0 0 0 0.1 0.4 0 0 0 0.5 
> 7   <= 7.5 0 0 0 0 0 0.1 0.3 0 0 0 0.4 
> 7.5   <= 8 0 0 0 0 0 0 0.1 0.1 0 0 0.2 
> 8   <= 8.5 0 0 0 0 0 0 0 0.1 0 0 0.1 
> 8.5   <= 9 0 0 0 0 0 0 0 0.1 0 0 0.1 
> 9    <= 9.5 0 0 0 0 0 0 0 0 0 0 0 
> 9.5 0 0 0 0 0 0 0 0 0 0 0 

Total 0.2 49.9 37.8 134.6 288.9 311.8 161.8 14.6 0.6 0 1000 
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Table 6.10 Joint probability distribution (parts-per-thousand) of significant wave height and 

peak spectral wave period for the Wairarapa assessment location. 

  

Location  Wairarapa 
Peak spectral wave period (s)  

Hs (m) 0-2 2-4 4-6 6-8 8-10 10-12 12-14 14-16 16-18 18-20 Total 
> 0   <= 0.5 0 1.1 1.2 1 0.8 1.3 1.1 0.2 0 0 6.7 
> 0.5 <= 1 0 20.4 11.9 23.5 21.9 42.6 23.2 4.1 0.4 0 148 
> 1   <= 1.5 0 8.5 29.7 37.3 75.4 116.4 55.1 5.8 0.3 0 328.5 
> 1.5 <= 2 0 0 9.9 25.9 67.6 84 44.2 4.3 0.1 0 236 
> 2   <= 2.5 0 0 1.1 17.2 31.5 55.8 29.1 2.8 0 0 137.5 
> 2.5 <= 3 0 0 0 9.8 16.5 28.4 12.7 1.1 0 0 68.5 
> 3   <= 3.5 0 0 0 2.7 11.2 13.4 7.2 1 0 0 35.5 
> 3.5 <= 4 0 0 0 0.4 7.4 6.6 3.6 0.2 0 0 18.2 
> 4   <= 4.5 0 0 0 0.1 2.9 4.3 1.4 0.1 0 0 8.8 
> 4.5   <= 5 0 0 0 0 0.9 2.7 0.6 0.1 0 0 4.3 
> 5   <= 5.5 0 0 0 0 0.3 2.8 0.6 0.1 0 0 3.8 
> 5.5   <= 6 0 0 0 0 0.1 1.4 0.4 0 0 0 1.9 
> 6   <= 6.5 0 0 0 0 0 0.7 0.4 0 0 0 1.1 
> 6.5   <= 7 0 0 0 0 0 0.1 0.2 0 0 0 0.3 
> 7   <= 7.5 0 0 0 0 0 0 0.1 0 0 0 0.1 
> 7.5   <= 8 0 0 0 0 0 0.1 0.2 0 0 0 0.3 
> 8   <= 8.5 0 0 0 0 0 0 0 0 0 0 0 
> 8.5   <= 9 0 0 0 0 0 0 0.1 0 0 0 0.1 
> 9    <= 9.5 0 0 0 0 0 0 0 0 0 0 0 
> 9.5 0 0 0 0 0 0 0.2 0 0 0 0.2 

Total 0 30 53.8 117.9 236.5 360.6 180.4 19.8 0.8 0 1000 
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Table 6.11 Southland wave power – annual persistence exceedence (%).   

 
Duration (hours) Spectral wave  power   

(kW.m-1) > 12 > 24 > 36 > 48 > 60 > 72 > 84 > 96 > 108 > 120 > 132 > 144 > 156 > 168 

>=0 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
>=20 75 73.84 72.16 70.44 68.56 66.38 63.99 61.29 57.8 54.48 51.6 48.58 45.79 43.73 
>=40 50.12 47.93 44.88 41.46 38.05 34.56 31.48 28.39 26.38 23.1 20.62 17.92 15.33 13.48 
>=60 30.91 28.55 25.34 22.4 19.64 16.41 14.32 11.63 9.76 7.52 6.21 5.09 4.4 4.22 
>=80 19.41 17.27 14.9 12.09 9.75 7.77 5.33 3.89 3.41 2.88 2.31 1.69 1.52 1.14 
>=100 12.54 10.65 8.55 6.73 5.1 3.96 2.54 2.04 1.57 1.04 0.76 0.76 0.41 0.23 
>=120 7.98 6.65 5.05 3.73 2.5 1.33 0.9 0.49 0.26 0 0 0 0 0 
>=140 5.38 4.19 3.2 1.86 1.22 0.31 0.31 0.12 0 0 0 0 0 0 
>=160 3.65 2.47 1.59 0.98 0.55 0.19 0.1 0 0 0 0 0 0 0 
>=180 2.37 1.56 0.84 0.49 0.1 0.1 0 0 0 0 0 0 0 0 
>=200 1.56 1.03 0.4 0.21 0.09 0.09 0 0 0 0 0 0 0 0 
>=220 1.02 0.59 0.32 0.19 0.07 0 0 0 0 0 0 0 0 0 
>=240 0.68 0.38 0.22 0.12 0 0 0 0 0 0 0 0 0 0 
>=260 0.55 0.26 0.16 0 0 0 0 0 0 0 0 0 0 0 
>=280 0.39 0.16 0.1 0 0 0 0 0 0 0 0 0 0 0 
>=300 0.27 0.12 0.04 0 0 0 0 0 0 0 0 0 0 0 
>=320 0.22 0.1 0 0 0 0 0 0 0 0 0 0 0 0 
>=340 0.17 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=360 0.12 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=380 0.08 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=400 0.04 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=420 0.04 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=440 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=460 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=480 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Table 6.12 Westport wave power – annual persistence exceedence (%).   

 
Duration (hours) Spectral wave  power   

(kW.m -1) > 12 > 24 > 36 > 48 > 60 > 72 > 84 > 96 > 108 > 120 > 132 > 144 > 156 > 168 

>=0 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
>=20 54.69 52.61 50.37 46.99 43.42 39.46 34.57 32.06 28.76 26.27 23.64 20.77 19.2 17.34 
>=40 22.7 20.67 17.35 14.32 11.14 9.07 7.28 6.15 5.09 3.91 3.17 2.53 1.84 1.84 
>=60 10.04 8.37 6.41 5.02 2.79 2.11 1.38 0.97 0.62 0.49 0.34 0.18 0.18 0 
>=80 5.04 3.56 2.63 1.48 0.49 0.34 0.34 0.13 0.13 0 0 0 0 0 
>=100 2.63 2.01 0.98 0.33 0.09 0.09 0 0 0 0 0 0 0 0 
>=120 1.5 0.91 0.4 0.06 0 0 0 0 0 0 0 0 0 0 
>=140 0.79 0.39 0.15 0 0 0 0 0 0 0 0 0 0 0 
>=160 0.5 0.23 0.09 0 0 0 0 0 0 0 0 0 0 0 
>=180 0.36 0.13 0.05 0 0 0 0 0 0 0 0 0 0 0 
>=200 0.24 0.11 0.04 0 0 0 0 0 0 0 0 0 0 0 
>=220 0.22 0.07 0 0 0 0 0 0 0 0 0 0 0 0 
>=240 0.2 0.07 0 0 0 0 0 0 0 0 0 0 0 0 
>=260 0.16 0.07 0 0 0 0 0 0 0 0 0 0 0 0 
>=280 0.12 0.06 0 0 0 0 0 0 0 0 0 0 0 0 
>=300 0.09 0.03 0 0 0 0 0 0 0 0 0 0 0 0 
>=320 0.07 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=340 0.07 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=360 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=380 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=400 0.04 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=420 0.04 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=440 0.04 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=460 0.04 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=480 0.04 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=500 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Table 6.13 Taranaki wave power – annual persistence exceedence (%).   

 
Duration (hours) Spectral wave  power   

(kW.m -1) > 12 > 24 > 36 > 48 > 60 > 72 > 84 > 96 > 108 > 120 > 132 > 144 > 156 > 168 

>=0 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
>=20 53.97 51.94 49.59 47.14 43.69 39.61 35.33 32.31 29.97 27.7 25.36 23.61 21.19 20.07 
>=40 21.8 19.54 16.83 14.08 11 9.24 7.15 5.82 5.12 3.94 3.05 2.25 1.73 1.55 
>=60 9.25 7.95 5.73 4.47 2.42 1.58 0.95 0.85 0.85 0.46 0.17 0.17 0 0 
>=80 4.44 3.22 2.3 1.02 0.46 0.3 0.12 0.12 0 0 0 0 0 0 
>=100 2.2 1.6 0.67 0.38 0.2 0.2 0.11 0 0 0 0 0 0 0 
>=120 1.26 0.78 0.41 0.17 0.11 0.11 0.11 0 0 0 0 0 0 0 
>=140 0.68 0.35 0.1 0 0 0 0 0 0 0 0 0 0 0 
>=160 0.38 0.2 0.05 0 0 0 0 0 0 0 0 0 0 0 
>=180 0.28 0.14 0 0 0 0 0 0 0 0 0 0 0 0 
>=200 0.22 0.07 0 0 0 0 0 0 0 0 0 0 0 0 
>=220 0.17 0.07 0 0 0 0 0 0 0 0 0 0 0 0 
>=240 0.14 0.07 0 0 0 0 0 0 0 0 0 0 0 0 
>=260 0.1 0.03 0 0 0 0 0 0 0 0 0 0 0 0 
>=280 0.07 0.03 0 0 0 0 0 0 0 0 0 0 0 0 
>=300 0.05 0.03 0 0 0 0 0 0 0 0 0 0 0 0 
>=320 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=340 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=360 0.04 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=380 0.04 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=400 0.04 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=420 0.04 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=440 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=460 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=480 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=500 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Table 6.14 Port Waikato wave power – annual persistence exceedence (%).    

 
Duration (hours) Spectral wave  power   

(kW.m -1) > 12 > 24 > 36 > 48 > 60 > 72 > 84 > 96 > 108 > 120 > 132 > 144 > 156 > 168 

>=0 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
>=20 52.52 50.95 48.81 46.01 42.43 39.09 35.73 32.41 30.3 28.21 25.9 23.51 21.43 19.01 
>=40 19.47 17.5 15.08 12.26 9.96 7.48 5.68 4.62 3.69 3.29 2.7 1.9 0.87 0.69 
>=60 7.54 6.11 4.78 3.3 1.54 1.31 0.52 0.52 0.39 0.14 0 0 0 0 
>=80 3.12 2.35 1.41 0.58 0.27 0.2 0.11 0 0 0 0 0 0 0 
>=100 1.46 0.89 0.47 0.27 0.16 0 0 0 0 0 0 0 0 0 
>=120 0.74 0.4 0.19 0 0 0 0 0 0 0 0 0 0 0 
>=140 0.46 0.18 0.04 0 0 0 0 0 0 0 0 0 0 0 
>=160 0.27 0.11 0 0 0 0 0 0 0 0 0 0 0 0 
>=180 0.16 0.03 0 0 0 0 0 0 0 0 0 0 0 0 
>=200 0.12 0.03 0 0 0 0 0 0 0 0 0 0 0 0 
>=220 0.08 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=240 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=260 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=280 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=300 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=320 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=340 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=360 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=380 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=420 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=440 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=480 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Table 6.15 Gisborne wave power – annual persistence exceedence (%).   

 
Duration (hours) Spectral wave  power   

(kW.m -1) > 12 > 24 > 36 > 48 > 60 > 72 > 84 > 96 > 108 > 120 > 132 > 144 > 156 > 168 

>=0 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
>=20 13.22 11.01 8.94 7.49 6.19 5.28 4.63 3.91 2.85 2.33 1.75 1.27 1.27 0.54 
>=40 4.08 2.94 2.25 1.51 0.81 0.58 0.12 0.12 0 0 0 0 0 0 
>=60 1.5 0.97 0.58 0.18 0 0 0 0 0 0 0 0 0 0 
>=80 0.79 0.43 0.14 0 0 0 0 0 0 0 0 0 0 0 
>=100 0.51 0.24 0.05 0 0 0 0 0 0 0 0 0 0 0 
>=120 0.31 0.17 0.04 0 0 0 0 0 0 0 0 0 0 0 
>=140 0.25 0.13 0 0 0 0 0 0 0 0 0 0 0 0 
>=160 0.16 0.04 0 0 0 0 0 0 0 0 0 0 0 0 
>=180 0.14 0.04 0 0 0 0 0 0 0 0 0 0 0 0 
>=200 0.12 0.03 0 0 0 0 0 0 0 0 0 0 0 0 
>=220 0.09 0.03 0 0 0 0 0 0 0 0 0 0 0 0 
>=240 0.05 0.03 0 0 0 0 0 0 0 0 0 0 0 0 
>=260 0.05 0.03 0 0 0 0 0 0 0 0 0 0 0 0 
>=280 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=300 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=320 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=340 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=360 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=380 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=420 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=440 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=480 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
>=500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Table 6.16 Wairarapa wave power – annual persistence exceedence (%).  

 
Duration (hours) Spectral wave  power   

(kW.m -1) > 12 > 24 > 36 > 48 > 60 > 72 > 84 > 96 > 108 > 120 > 132 > 144 > 156 > 168 

>=0 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

>=20 18.46 15.34 12.62 10.83 9.03 7.64 6.55 5.51 4.43 3.65 3.35 2.88 2.53 1.78 

>=40 5.59 3.99 2.81 1.84 1.36 1.04 0.77 0.77 0.65 0.51 0.37 0.21 0.21 0.21 

>=60 2.3 1.35 0.72 0.43 0.17 0.09 0 0 0 0 0 0 0 0 

>=80 1.12 0.56 0.26 0.12 0 0 0 0 0 0 0 0 0 0 

>=100 0.65 0.42 0.15 0 0 0 0 0 0 0 0 0 0 0 

>=120 0.42 0.25 0.04 0 0 0 0 0 0 0 0 0 0 0 

>=140 0.26 0.12 0.04 0 0 0 0 0 0 0 0 0 0 0 

>=160 0.2 0.11 0 0 0 0 0 0 0 0 0 0 0 0 

>=180 0.17 0.07 0 0 0 0 0 0 0 0 0 0 0 0 

>=200 0.12 0.03 0 0 0 0 0 0 0 0 0 0 0 0 

>=220 0.09 0.03 0 0 0 0 0 0 0 0 0 0 0 0 

>=240 0.08 0 0 0 0 0 0 0 0 0 0 0 0 0 

>=260 0.08 0 0 0 0 0 0 0 0 0 0 0 0 0 

>=280 0.04 0 0 0 0 0 0 0 0 0 0 0 0 0 

>=300 0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 

>=320 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 

>=340 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 

>=360 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 

>=380 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 

>=400 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 

>=420 0.02 0 0 0 0 0 0 0 0 0 0 0 0 0 

>=440 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

>=460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

>=480 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

>=500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Table 6.17 Monthly wave height and spectral wave power statistics for the Southland 
assessment location.   

 
 Mean Hs 

(m) 
Median Hs 

(m) 
Mean spectral wave  

power (kW.m-1) 
Median spectral wave  

power (kW.m-1) 
Mean daily wave  

power variability (%)  
Jan 2.49 2.41 35.7 27.9 29.4 
Feb 2.67 2.56 42.2 33.2 28.6 
Mar 2.87 2.63 49.8 35.3 27.3 
Apr 3.12 2.96 62.8 48.4 28.7 
May 3.20 3.13 67.1 50.6 29.5 
Jun 3.21 3.01 69.0 47.6 28.9 
Jul 2.96 2.92 57.0 47.6 27.1 
Aug 3.05 3.02 61.2 49.3 30.4 
Sep 3.13 3.07 62.6 48.6 32.9 
Oct 3.00 2.93 57.8 45.9 31.2 
Nov 2.76 2.70 43.6 35.7 28.7 
Dec 2.45 2.37 35.3 26.8 30.5 

Annual 2.91 2.79 53.7 40.8 29.4 



New Zealand Marine Energy Resources 

MetOcean Solutions Ltd   63 

7 TIDAL ENERGY RESORCES 

7.1 New Zealand scale 

The open-ocean tidal energy resources in New Zealand are represented in Figures 7.1 

and 7.2. These plots show the depth-averaged flows associated with the Mean Spring 

Tides (M2+S2) and the Highest Astronomical Tides, respectively. There are three 

regions with accelerated flows; Cook Strait, Cape Reinga and the waters surrounding 

Stewart Island. The tidal resources in Cook Strait and Foveaux Strait are further 

considered in the following sections.  

7.2 Cook Strait 

The tidal energy resources within the Cook Strait are presented in Figures 7.3 and 7.4, 

showing the depth-averaged flows associated with the Spring Tide (M2+S2) and the 

Highest Astronomical Tide, respectively.  

7.3 Foveaux Strait 

The tidal energy resources within the Foveaux Strait are presented in Figures 7.5 and 

7.6, showing the depth-averaged flows associated with the Spring Tide (M2+S2) and 

the Highest Astronomical Tide, respectively. 

7.4 Tidal power simulations 

Tidal power simulations have been undertaken at six locations; five in the Cook Strait 

and one in Foveaux Strait, as shown on Figures 7.7 and 7.8. At each location, the time-

series of the depth-averaged tidal flows (at 15 minute intervals) has been converted to 

electrical power using the methods defined in Section 4. Two single-turbine tidal power 

devices have been simulated, as described in Table 4.1. The results are summarized in 

Table 7.1. 
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Table 7.1 Tidal energy site assessment results. Devices 1 and 2 are specified in Table 4.1, 
and the site locations are shown on Figures 7.7 and 7.8.   

 
 Parameter Units  CS1 CS2 CS3 CS4 CS5 FX1 
Mean power of the resource Wm-2 1,660 3,610 1,555 5,190 1,095 304 
Device 1               
Rated time % 4.3 14.9 1.9 22.3 2.0 0.0 
Working time % 63.6 79.6 69.8 80.0 56.5 45.7 
Mean annual power kW 105.0 200.0 105.5 229.3 71.5 19.4 
Mean annual production MWh 919.3 1752.00 923.8 2009.1 626.1 169.8 
Device 2               
Rated time % 4.3 14.9 1.9 22.3 2.0 0.0 
Working time % 58.3 75.9 65.0 76.6 50.6 36.9 
Mean annual power kW 48.8 93.4 49.6 107.2 33.0 8.5 
Mean annual production MWh 427.3 818.2 434.1 938.8 289.5 74.0 
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Figure 7.1 Depth-averaged tidal current speeds for the Mean Spring flows   

 

 

© MetOcean Solutions Ltd. All rights reserved. 
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Figure 7.2 Depth-averaged tidal current speeds for the Highest Astronomical flows   

 

© MetOcean Solutions Ltd. All rights reserved. 
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Figure 7.3 Depth-averaged tidal current speeds for the Spring Tide flows in the Cook Strait, 
including the 1 m/s speed contour. 

 

 

Figure 7.4 Depth-averaged tidal current speeds for the Highest Astronomical Tidal flows in 
the Cook Strait, including the 1 m/s speed contour. 
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Figure 7.5 Depth-averaged tidal current speeds for the Spring Tidal flows in the Foveaux 
Strait region, including the 1 m/s speed contour. 
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Figure 7.6 Depth-averaged tidal current speeds for the Highest Astronomical Tidal flows in 
the Foveaux Strait region, including the 1 m/s speed contour. 
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Figure 7.7 The output locations in the Cook Strait region for detailed tidal power generation 
simulation. The Spring Tidal flows are also shown, along with the 1 m/s speed 
contour and the 25 m water depth contour. 
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Figure 7.8 The output location in the Foveaux Strait region for detailed tidal power 

generation simulation. The Spring Tidal flows are also shown, along with the 1 
m/s speed contour and the 25 m water depth contour. 
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8 SUMMARY 

An investigation of the open ocean marine energy resources in New Zealand waters has 

been undertaken. The scope has utilised the following methods: 

·  A region-scale 10-year numerical wave hindcast for New Zealand, with detailed 

validation for wave statistics and wave power;  

·  Depth-averaged tidal current modelling of New Zealand waters, with high-

resolution modelling of the Cook Strait and Foveaux Strait regions;  

The specific deliverables that have been produced are: 

·  Summary maps of the open-coast tidal resource, wave climate, potential wave 

power, and energy output for generic wave conversion devices.   

·  Detailed analysis of two potential tidal energy regions and six wave energy sites, 

considering the environmental statistics, probable power output, daily and 

seasonal variability and time-domain analyses. 

The summary modelling results are: 

·  There is a mean annual wave power resource of at least 30 kW.m-1 available 

within about 15 km of the shoreline along most of the West Coast of New 

Zealand, excepting the Western Cook Strait region and the North Taranaki 

Bight. The most energetic wave power location is along the Southland coast, 

from Fiordland to the west of Stewart Island. Along the East Coast of New 

Zealand, only the Catlins region in South Otago has an equivalent resource to 

the West Coast. In the North Island, the coastline from Wairarapa to East Cape 

is the next most energetic region, with around one third of the median energy of 

the West Coast.   

·  There are three locations in New Zealand with an open-coast tidal resource; 

Cook Strait, Cape Reinga and the waters surrounding Stewart Island. The mean 

annual Cook Strait resource is as high as 5000 Wm-2, while the resource in 

Foveaux Strait adjacent to Bluff is approximately 300 Wm-2. 
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