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As Japan moves to the development of open-ocean testing facilities, protocols addressing the prototype testing 
evaluation are needed. The present study provides a technical specification of measurement and evaluation items related 
to ocean trials of wave and tidal energy converters including what key variables should be measured and what 
post-processing methodologies must be applied to derive key outputs. Based on a review of publicly-available 
documentation, the main objective of this study is to guide the establishment of a prototype testing evaluation protocol and 
accelerate the development of an open-ocean testing facility for wave and tidal energy converters in Japanese waters. 
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INTRODUCTION 

General 

The marine renewable energy industry is global and 
dynamic, and in the near to medium term Japan is 
amongst the countries with the highest potential to see 
significant development there. The Japanese 
Headquarters for Ocean Policy (HOP) has recently 
announced [1] its intention to set up a Japanese Marine 
Energy Centre for wave and tidal energy converters 
(respectively WECs and TECs). Prior to such 
developments, technical specifications of 
measurement and evaluation items must be identified 
to address high-level questions such as what should WEC 
and TEC test protocols cover in such context. With the 
growth of the industry, documentation for device design, 
resource assessment and performance assessment has 
been developed, but no definitive international standards 
currently exist. This study reviews the experience gained 
from deployment of marine energy devices and presents 
an overview of the existing literature in an effort to guide 
the establishment of a prototype testing evaluation 
protocol in Japanese waters. 

Existing protocols, standards and guidelines 

Over the past few years there has been a focus on 
developing documentation related to the development of 
WECs and TECs, but no definitive international standards 
currently exist. The International Electrotechnical 
Commission (IEC) is in the process of developing 
technical specifications for design requirements, resource 
assessment and performance assessment, which will be 
converted to standards once further knowledge and 
experience of developing and testing arrays has 
developed within the industry. 

Table 1 Key documentation: standards, guidelines, 
protocols, roles and similar documents. 
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[2] DNV-OSS-312, 2008 
[3] GL Rules and Guidelines IV-6-4 
[4] EMEC, 2009 
[5] IEC TC114/PT 62600-2 
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 EquiMar 
 
 

[6] IEC 62600-101 TS Ed.1 
[7] IEC 62600-201 TS 
[8] EMEC Assessment of wave 

energy resource 
[9] EMEC Assessment of tidal 

energy resource 
[10] EquiMar Deliverable D2.2 
[11] EquiMar Deliverable D2.3 
[12] EquiMar Deliverable D2.7 
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 DTI 
 
 
 

 HMRC 
 
 

[13] IEC 62600-100 TS Ed.1 
[14] IEC 62600-200 TS Ed.1 
[15] EMEC Assessment of 

performance of WEC systems 
[16] EMEC Assessment of 

performance of TEC systems 
[17] DTI Preliminary Wave Energy 

Device performance protocol 
[18] DTI Preliminary Tidal Current 

Device performance protocol 
[19] HMRC Ocean energy 

development & evaluation 
protocol 

 

Key actors in the field such as the European Marine 
Energy Centre (EMEC), EquiMar and the UK Department 
of Trade and Industry (DTI, now Department of Business, 
Enterprise and Regulatory Reform) have already 
published a number of guidelines and protocols, and the 
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major certification agencies have developed initial 
certification guidelines. Table 1 provides an overview of 
the key publicly-available documents associated with 
resource assessment and the design and performance 
assessment of WECs and TECs that were reviewed for 
this study.  

Table 2 Summary information for wave (W) tidal (T) and 
offshore wind (OW) energy test centres and 
pre-commercial sites. 

Site Technical information 

EMEC, 
Orkney, 
UK 

(W&T) 

 25 to 50m water depth 
 12 berths: 4 wave, 8 tidal 

 Support base in Stromness, port 
facilities planned in Hoy 

 2 Datawell directional Waverider buoys 
covering Oct 2002 to present, multiple 

ADPs covering 2006 to present. 

WaveHub, 
Cornwall, 
UK 

(W&OW) 

 60m water depth 
 1*2km area available 

 4 connection points at 11kV 
 Support base in Falmouth 

 Datawell directional Waverider and 
Oceanor Seawatch Mini buoys covering 

since 2010. 

BIMEP, 
Spain 

(W) 

 40-70m water depth 
 4*2km area available 

 4*5MW cables at 13kV 
 Oceanor Wavescan buoy covering 

since March 2009 

Belmullet, 
Co. Mayo, 
Ireland 

(W) 

 Nearshore, mid-water and deep-water 
 Min. 4 berths, cables at 11kV 
 Support base in Frenchport 

 Directional Waverider and Metocean 
buoy covering since March 2009 

Pilot Zone/ 
Ocean 
Plug, 
Portugal 

(W) 

 30 to 90m water depth 
 4 berths available 

 Capacity : up to 12MW 
 Directional Waverider since 2009 

SEMREV, 
France 

(W&OW) 

 35m water depth 
 1km2 area available 

 Grid connection : 20kV, 2.5MW 
 Dock facilities at Saint Nazaire 

 Two DWR buoys and ADP (wave and 
current) covering since 2007 

 

TESTING OF WECS AND TECS 

In essence a test centre aims at providing an 
environment in which a number of aspects of the device 
design can be tested. This includes installation 
methodology(s), device performance and loading, 
system dynamic behaviour during operation and fault 
conditions, device impact on the surrounding 
environment and reliability information. It also allows 
the opportunity to enhance the knowledge of the operating 
environment itself. 

Additionally, a high level review of European wave 
and tidal energy grid connected testing facilities either 
currently operational or planned to be in operation within 
the 2015 horizon is presented in Table 2. The experience 
gained by such facilities can be used to assess the order 
of magnitude of the effort and budget associated with the 
establishment of a demonstration to pre-commercial wave 
or tidal energy site. Such experience, including the test 
centre configuration, can be followed when developing a 
similar facility in Japan. More testing facilities exist or are 
planned, in particular in the United States (e.g. the 
Northwest National Marine Renewable Energy Center in 
Oregon, the Hawaii National Marine Renewable Energy 
Center etc.) but these have not been reviewed in this 
study.  

For the test centre to support the developments of a 
particular technology a number of important aspects need 
to be made available, including site characterisation, 
concurrent resource data and suitable infrastructure to 
allow the device-specific data to be synchronised 
alongside the resource data. 

The following sections present the key test objectives 
associated with different development stage of the device 
and then describe the range of measurements and data 
required both of the WEC/TEC and of the environment. 

Key test objectives 

Different phases in the development program of a 
WEC or a TEC have been identified by the Hydraulics and 
Maritime Research Centre (HMRC, [19]) and are adapted 
here. Phases 1 and 2 are early stages laboratory model 
testing; the next stages take place in an open water 
environment, and are orientated towards the development 
of a full scale unit. Specific objectives and milestones can 
be associated with each phase, as presented below: 

 Phase 3: sea trials (1:10-1:3 scale): physical 
processes and loading should be investigated and 
performance figures validated; mooring/ foundation 
behaviour, hull/device seaworthiness and survival 
conditions for which the device should enter survival 
mode should be quantified 

 Phase 4: Prototype (1:3-full scale): power 
matrix/curve should be quantified; hull/device 
seaworthiness should be assessed and survival 
strategies should be identified; manufacturing, 
deployment, recovery and O&M methodologies 
should be documented 

 Phase 5: Demonstration (full scale, in array): physical 
processes within the array should be investigated; 
service, maintenance and operations should be 
proved; environmental factors (benthic habitat 
disturbance, water contamination etc.) should be 
identified via a formal Environmental Impact 
Assessment (EIA). 

Environmental data 

Before testing the device(s), the site conditions must 
be characterised in order to assess the energy resource 
(wave and tidal) and the suitability of the design, 
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installation, operation and maintenance methodologies. At 
the testing stage, concurrent environmental and device 
data is required in order to calculate the power 
matrix/curve and assess device performance, loading, 
system dynamics and availability. 

For wave energy, measurements of the wave field 
must be carried out, using standard instruments such as 
wave surface following buoys, ADPs, or pressure sensors. 
Each sensor type has pros and cons depending on the 
water depth, with ADPs and pressure sensors being more 
suited to shallower water. Radar measurements such as 
X-band and HF radar can provide a useful complement to 
in-situ measurements but should not replace them. Wave 
height, period and direction should be monitored, with 
requirements summarised in Table 3. 

Additionally, since the spatial distribution of waves is 
highly dependent on bathymetric features, a detailed 
bathymetric chart of the site should be available. In its 
absence, a survey of the site should be undertaken. A 
geological survey would help determine which 
foundations, mooring and/or anchoring are more suited 
for the site. Finally, tidal currents might affect the spatial 
and temporal distribution of waves by modifying the rate 
at which energy is transported. Thus, measurements of 
currents in terms of speed and direction should be 
carried out. 

At the developer’s discretion, a set of 
meteorological measurements may also be recorded, 
including wind speed and direction (if judged relevant, for 
instance if the freeboard is important), sea and air 
temperatures, atmospheric pressure and humidity. 

Table 3 Wave measurement requirements (wave energy) 
 Site characterisation Concurrent data 

R
eq

ui
re

m
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ts
 

 Minimum 30 days, 
ideally 12 month 

deployment, 
preferably covering 

winter season. 
 2Hz sampling and 
recording frequency 

 Over the duration of 
the project, 

coincident with WEC 
data. 

 ≥1Hz sampling 
frequency. 

 Record duration 
30mn to 1h every 

hour. 

 Resolution ≤1cm 
 Accuracy ≤0.5% 

 Placement about 100m from WECs, dependent 
on required mooring length. 

 

Two important aspects should be considered when 
processing the wave data: frequency-domain analysis 
and the analysis of the extremes. The key variables to 
be evaluated are presented in Table 4 below. The relevant 
calculation methods are described in the common 
literature (e.g. [6], [8], [10], [12]). 

Table 4 Key environment variables to evaluate (wave 
energy) 

 Variables Requirements 

Fr
eq

ue
nc

y 
an

al
ys

is
 

Variance 
density 
spectrum 

Frequency range [0.05; 0.5] Hz 
Frequency step <0.01Hz 

Gross power Typically in annual and 
seasonal average values 

Mean direction Typically ~1.5deg resolution 
Frequency 
moments of 
the variance 
spectrum 

At least four consecutive (from 
k=-1 to k=2) 

Significant 
wave height 30mn to 1h recording period 
Energy period 

Ex
tr

em
e 

w
av

es
 

Extreme wave 
height 

Return value typically 1, 5, 10, 
50 and 100 years 

 

For tidal energy, two types of current measurement 
surveys are required: a static survey for long term 
measurements in a single location, and a transect 
survey for short term measurements over a wider area. 
Spatial and temporal resource, along with high frequency 
measurements should be obtained for the current speed, 
using 1 or 2 bottom-mounted, waves-enabled ADP(s) with 
pressure sensors. The local wave climate will impact 
both the flow and the marine operation, and should be 
monitored prior to and during the TEC testing program. 
These measurements may be used directly and/or for 
numerical models. The requirements associated with the 
measurements of current (speed and direction), wave 
(height and direction) and pressure are summarised in 
Table 5, split between static and transect survey. 

Table 5 Requirements for current, wave and pressure 
measurements (tidal energy) 
 Site characterisation Concurrent data 

St
at

ic
 s

ur
ve

y 

 Minimum 30 days (per 
deployment location), 
ideally 3 to 12 month 

deployment. 
 2Hz sampling and 
recording frequency 

 Minimum 15 days 
deployment 

(spring-neap cycle), 
coincident with TEC 

data. 
 1Hz sampling 

frequency. 
 Record duration 
30mn to 1h every 

hour. 
 Positioned in-line or 

adjacent to TEC 

 0.5 or 1m vertical bins 
 Standard deviation <5cm/s 

 Direction better than +/-5deg. 

Tr
an

se
ct

 
su

rv
ey

 

 Minimum spring cycle 
 Transect time <10mn 

 2Hz sampling and 
recording frequency 

 0.5 or 1m vertical bins 
 25-50cm horizontal 

bins 

- 
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Additionally, a bespoke bathymetric survey is 
required should the available data not meet the required 
resolution (IHO Standards for Hydrographic Surveys). 
Seabed conditions, including sub-bottom profiling, 
side-scan sonar, magnetometer and bore holes may also 
be investigated at the developer’s discretion. 

At the developer’s discretion, and as in the wave 
energy case, a set of meteorological measurements 
may also be recorded, including wind and atmospheric 
pressure, seawater density, salinity and temperature to 
assess their impact on the flow development. 

The key variables to be evaluated are presented in 
Table 6 below. The relevant calculation methods are 
described in the common literature (e.g. [7], [9], [10], [12]). 

Table 6 Key environment variables to evaluate (tidal 
energy) 

 Variables Requirements 

St
at

ic
 s

ur
ve

y 

Amplitude and phase 
of harmonic 
constituents 

Depth-averaged for 
numerical modelling. 
Hub height for 
performance analysis. 

Velocity distribution 10mn interval 
0.1m/s bin size 

Current depth profiles At various critical times 
(flood, ebb) Maximum velocity 

Tidal ellipse From survey or numerical 
model outputs 

Average power 
density 

Across the surface area 
From survey or numerical 
model outputs 

RMS fluctuating 
velocity and 
corresponding 
standard deviation 

At the hub height 
From survey or numerical 
model outputs 

Tr
an

se
ct

 
su

rv
ey

 Current: magnitude 
and direction, 
variability, ellipses 
Turbulence: intensity, 
kinetic energy 

Remove the effect of the 
vessel motion  
Data normalised to 
remove the effect of the 
changing currents 

Ti
da

l d
at

a Annual, monthly and 
daily profiles 
Correlation between 
heights and currents 

- 

W
av

e 
da

ta
 Amplitude and 

frequency 
Identify adverse 
conditions during 
current survey 

- 

 

Device data 

The focus of this section relates to the device data 
required for the calculation of the power curve and 
assessment of performance, loading, system dynamic 
behaviour and availability. 

The availability of the device and of the network 

shall be recorded, informing any loss of availability 
recorded in the performance data. 

For the performance of the device, the electric 
generated power measurements are typically the 
principal data required, using standard power, voltage and 
current transducers. For WEC devices, the absorbed 
power should also be evaluated: this can be calculated as 
the product of the PTO loads (e.g. pressure, torque etc.) 
with the corresponding motion (e.g. flow, angular velocity 
etc.). The appropriate method to calculate the absorbed 
power from direct measures will depend on the PTO type. 

Further behaviour and performance data can be 
analysed to verify the technical feasibility of the device. 
For WECs, measurements of water surface elevation 
abeam the device, device motions or submergence 
provide information relevant to the seaworthiness and the 
feasibility of the survival strategies. The mooring forces 
at the attachment points of the hull shall also be monitored. 
Measurements of strain and stresses at the most loaded 
points and measurements of the localised pressures on 
the hull provide information on the loads on the structure. 
For TECs, strain data, accelerations, generator speed, 
torque, controller state, pitch and yaw position are 
examples of data which should be recorded. Table 7 
summarises the key variables to monitor and their 
associated requirements. 

Table 7 Device variables to monitor and requirements 
 WEC TEC 

Po
w

er
 c

ur
ve

 Power generated: at the device output terminal, 
sampling frequency >1Hz, accuracy ≤0.5% 

Power absorbed: 
load*motion, measured 

with instruments of 
accuracy ≤0.5%, 

sampling frequency 
>1Hz 

- 
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 Body motions and 
phases 
Water surface elevation 
abeam WEC, body 
submergence 
Strain data 
Mooring forces 
… 
 

Strain data 
Accelerations 
Generator speed 
Torque 
Controller state 
Pitch and yaw 
position 
… 
 

Availa-
bility Operational status of device and network 

 

The time-domain analysis of structure and mooring 
forces and motions gives an overall estimation of the 
design. The time-domain analysis should investigate the 
presence of extreme peaks in the loads or motions (e.g. 
caused by wave loadings, flow turbulences etc.). Typically, 
mean, minimum and maximum values of a number of 
parameters are compared between 10mn samples of 
measured and simulated data. Statistical distribution (e.g. 
exceedance probability against force) should be plotted 
and characteristic statistical time-domain parameters 
such as standard deviation should be derived. FFT 
algorithms should also be applied to the time series data 
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for frequency-domain analysis. For WECs, transfer 
functions – calculated as the square root of ratio of the 
response spectrum of interest and wave energy density 
spectrum – inform the behaviour of the device under 
excitation in waves. Particular focus should be given to 
the reaction sub-system (i.e. foundations, anchoring and 
moorings): the time-domain and frequency-domain 
analysis should validate the mathematical models 
available, and the following evaluation criteria should be 
checked: 

 Verification of the predictability of the 
sub-system behaviour 

 Loading within acceptable limits and 
tolerances 

 Performance of the device unaffected by the 
sub-system 

 Existence or not of adverse environmental 
effects 

 Service requirements  within design 
statement limits 

 Extreme conditions encountered during the 
trials 

 Reliability of all sensors. 

For WECs, the performance is typically described by 
power matrices. A power matrix is table of average 
power output for the device binned by significant wave 
height (Hs) and energy period (Te). A complementary 
representation uses the capture width variable, defined 
as following: 

  (1) 

where PWEC is the mean measured electrical power output 
over the record and Pwave is the corresponding mean 
wave power of the record. As a general guideline, bins of 
0.5m and 1s width respectively for Hs and Te should be 
used. An additional set of matrices should be derived 
along with the power matrix, giving the standard deviation 
in power values in each cell and the minimum and 
maximum values. If the analysis of these additional 
matrices highlights a high variability of performance, 
dependencies into other environmental parameters such 
as water depth, mean direction, directional spread or 
frequency width of the spectrum should be investigated. 

For TECs, the power curve constitutes a plot of the 
power production record against the incident current 
resource. The measured power curve is derived by 
binning the current speed data in bin increments of 0.1m/s 
and calculating the mean power for each bin. The power 
coefficient is also a key variable in the characterisation of 
the TEC performance. It is defined as following: 

   (2) 

where A is the power capture area of the device, P is the 
recorded power output and Uperf is the average 
performance velocity of the tidal current. The average 
performance velocity is given by integration at each time 
interval of the tidal current vertical variation across the 

power capture area: 

   (3) 

where bk and zk are the width and height of the horizontal 
slice k through the power capture surface, and Uk is the 
speed of flow of the tidal current normal to the power 
capture surface and flowing through the kth horizontal slice 
of the power capture surface. 

A predicted Annual Energy Yield (AEY) is one of the 
primary outputs of the performance assessment, 
(assuming that a resource assessment has also been 
conducted). For tidal energy, it is defined as following: 

 
    (4) 

Where Av is the predicted availability, Ui is the 
average performance current velocity of bin i, Pi the power 
generated by the turbine in velocity bin i and fi is the 
proportion of time during the year of occurrence of Ui. For 
wave energy an estimate of AEY can be calculated by 
multiplying the power matrix by the annual average 
occurrence of sea states. 

Finally, the calculation of the damage equivalent 
load will inform the impact of loading cycles upon the 
design. The method is based on the Miner’s rule: 

   (5) 

where LN is the equivalent stress for N cycles, Li is the 
stress range bin i, ni is the number of rain flow cycles at 
stress range bin i, the bin i being the ith stress range as 
defined in Miner’s rule and m is the S-N curve slope. 

Reporting 

To complete the device development program the 
activities and results of the test campaign shall be 
recorded and reported in a standard format. The details of 
the structure are likely to differ from one device type to 
another or from one campaign main goal to another. 
However, typically the report should include the following 
main items: 

1. Background, scope and purpose of the test 
2. Operational history: description of site, description 

of device, grid conditions 
3. Measurement procedure 
4. Environmental measurements during reporting 

period 
5. Device measurements during reporting period 
6. Recommendation for further R&D 

The frequency of reporting depends mainly on the 
stage of the project: as the programme becomes more 
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mature, the model changes or failures are becoming less 
likely to happen and the frequency of reporting can 
decrease, up to annually for mature programmes. A 
consolidated report should be also envisaged at the end 
of the testing programme. 

SITE ACTIVITIES 

Considerable practical experience has been gained 
from the deployment of marine energy converters, and 
can be used to learn from the main requirements and 
issues that can arise when deploying and operating 
devices. 

General activities 

Typically, prior to installation, marine test site will 
require a device developer to demonstrate either a 
prototype certification (“design plausibility” 
assessments, for example GL Level C) or evidence of 
some other independent 3rd party review of the machine 
and structure. The purpose of this requirement is for the 
test facility to have confidence that during the proposed 
test period the device will not fail such a way that it would 
damage or adversely affect other developers’ equipment, 
or the test facility’s own infrastructure: transport, 
installation, normal operation, operation in extreme or 
fault conditions, safety system and emergency shutdown 
capability should be addressed by the review. 

During the project development stage, a range of 
information must be integrated into the device design. 
This includes the detailed bathymetry for planning the 
device location, cable route and foundation and mooring 
design. Video surveys can also inform the design of 
foundations, along with sub-surface visibility which is 
essential in planning the installation and maintenance 
operations of submerged systems. Metocean and 
energy resource assessment are needed for planning 
the installation of devices and cables. Finally, grid and 
network studies should assess the harmonic distortion, 
fault conditions and inrush conditions at start-up to 
prevent serious issues on the devices. 

The installation of the seabed cabling for individual 
devices and the interconnection of devices and subsea 
electrical infrastructure for arrays should be designed very 
carefully. The support of cable connections for floating 
devices should prevent the dynamic umbilicals to carry 
axial loads and strains in waves, currents or under 
extreme off-station motions. For armoured cables laying 
on the seabed, sufficient length should be installed to 
allow connectors or devices to be raised to the surface for 
maintenance, and dragging across the seabed shall be 
avoided. Pre-laid cables at site should ensure suitable 
end cap and waterproof and fitted recovery equipment. 
Finally, significant risk is associated with operations 
such as splicing between connector and seabed or cable 
handling and recovery, because of the extreme 
environment, the lack of standard practices and the 
immaturity of the industry. Such operations shall be 
planned with caution. 

 

Site operations 

Site operations gather the period of sea trials, 
installation/retrieval operations and O&M operations. 
Clear communication between the test facility operator 
and developers ensures safe and satisfactory operations. 

The developer needs to present robust marine 
operational procedures, have them reviewed and 
accepted by the test facility. The planning of marine 
operations require a detailed set of risk assessed method 
statements and Hazard Identification and Risk 
Assessment (HIRA) meetings involving all relevant 
personnel (vessel masters, deck foremen, H&S 
representative, the developer’s project managers and 
engineers and test facility representatives). A set of 
Emergency Response Procedures (ERPs) should also be 
prepared. 

The test facility should have in place various 
operational procedures including: vessel inspection and 
assessment/warranty; permit to work system for site 
berths and onshore grid station; permit to test for shore 
cables; control of simultaneous operations (multi-vessel/ 
multi-developer); daily logs; notifications e.g. to the local 
mariners, coastguard, fishermen and other stakeholders; 
regular inspection, survey and maintenance operations 
(placement or recovery of ADPs, wave buoys etc.); control 
of ROV and diver operations; and comprehensive ERPs 
for their own and developer’s operations. 

Previous experiences of installation and retrieval 
operations have underlined the need to thoroughly 
understand the metocean conditions of the site, the 
capabilities and limitations of the vessels deployed (which 
should not be approached or passed) and the experience 
of vessel master, crew and on-board staff. There should 
always be a guard vessel to police the site and keep other 
vessel outside a safety zone (which could be up to 1.5km 
radius with long shallow moorings). At least one fall-back 
plan must be prepared, and a safety vessel or additional 
work vessel should be on standby in case of emergency. 

The operation and maintenance strategy, and its 
associated requirements, depend mainly on how the 
device is secured in position: 

 Personnel access onto the device at sea (from a RIB 
or small workboat): thorough testing of the 
practicalities and safety aspects of access; safe 
refuge on board (with heat, light, shelter etc.). Access 
for a RIB has been proven difficult in waves of more 
than 1.5m Hs. 

 Towage to harbour: quick and safe procedures for 
unhooking and re-securing; appropriate mooring 
design, on-deck equipment, vessel draft and keel 
clearance, protection when moored along the quay. 

 Towage to dry dock or similar facility: naval 
architecture review to ensure stability during ocean 
towage if the facility is some distance away. 

 

GRAND RENEWABLE ENERGY 2014 Abstracts
27 July - 1 August, 2014
Tokyo Big Sight, Tokyo Japan

GRAND RENEWABLE ENERGY 2014 Proceedings
27 July - 1 August, 2014
Tokyo Big Sight, Tokyo Japan



CONCLUSION 

The present study has reviewed and summarised 
publicly-available documentation relevant to sea trials of 
WECs and TECs. This review was focused on the design, 
resource assessment and performance assessment of 
WECs and TECs, andaddressed high-level questions 
such as what should WEC and TEC test protocols include 
by identifying technical specifications for measurement 
and evaluation items. Environmental and device data 
required to meet the key objectives of the device 
development programme were described and the relevant 
documentation identified. The main objective of the study 
was to support the development of a prototype testing 
evaluation protocol for Japan and thus accelerate the 
development of an open-ocean testing facility in Japanese 
waters. 

Due to the relative immaturity of the wave and tidal 
energy sectors, standards are still under development. 
When further knowledge and experience in the industry 
have been obtained, this study can be revised when 
adapting international  practices to a Japan specific 
context. 

Wave or tidal specific documentation has not been 
developed yet for topics such as health and safety, 
manufacture/ fabrication, transportation, loading and 
unloading, installation/ construction, commissioning, 
maintenance or decommissioning. So far, best practice 
methods from offshore wind energy, maritime and other 
fields are applied in the relevant case. The documentation 
relevant to these topics could be reviewed more 
extensively in subsequent studies. 
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