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Executive Summary

From optimistic beginnings in the mid 1970s oil crisis through the consolidated
research of the 1980s and the burgeoning entrepreneurship of the 1990s and
early 21 century the wave energy industry is at the point of stepping into the
commercial arena. In order to make this step the industry needs to draw on
the past experience of the existing renewables community in order to

accelerate and optimise progress towards full commercial viability.

A significant aspect of the future will be in securing funding from financial
institutions, many of whom are already familiar with existing renewable
technologies. For instance, long term energy yield prediction for wind farms
has evolved with the understanding of the finance community and the
identification and development of the long term data sets on which these
predictions depend. As an emerging industry, marine renewables has the
opportunity to define an equivalent resource assessment process before the
first large scale commercial projects are proposed.

A patrticularly important aspect of establishing an energy yield prediction is
having a reliable and consistent site data set. Ideally this data should be
recorded at the site where a renewable installation is to take place. However,
time and cost constraints preclude this and practically 12-24 months of on site
data is the norm. In order to make a long term prediction this on site data must
be compared to an established data set for which all the technical and data
issues are known. If this long term data is not of suitable accuracy or there are
gaps in its metadata then a reliable prediction cannot be made.

In this study, long term data sets from many sources were analysed as to their
suitability as baseline data for wave resource analysis. These sources
included: live data buoys, remote sensing database results, modelled data
sets and consideration of North Sea Oil and Gas records. Consultation with

industry showed that the higher priority data and most favourable sites were



not correlated well with the most extensive data sources. The majority of
these data sources were located to the east of the United Kingdom.

Key Findings

The wave data identified in this report as being of high priority are primarily
those that come from wave data buoys, as these devices provide a direct
measurement of the sea surface rather than a numerical or inferred result. In
focusing on these wave data records there were found to be relatively few
taken in the exposed locations that would be of most benefit in providing
coverage to strategically important wave resource areas. Of these strategic
areas the South West of England has a high degree of coverage with multiple
data records from both the UK and Irish Met Offices. The situation for the west
coast of Scotland and the Orkney and Shetland Isles is one of few, sparsely
distributed, buoys. On recovery of the metadata records for these locations
they were found to be mostly sound but in need of some conditioning to be of
immediate use.

Key Recommendations

Through consultation on this project there are several areas that have become
apparent as requiring attention:

Coverage of the strategic resource area to the west of the Outer Hebrides is
sparse and should be increased.

A format for the packaging of data and metadata is required in order to guide
data providers as to the necessary materials required by the emerging wave
industry.

There are several small fixes that are required at present which would allow

for greater accuracy in the data that is collected.
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Glossary and Abbreviations

BODC
BP

CCO
CEFAS
DAPS
DCP
DEFRA
EA
ECMWF
EDIOS
EMEC
ESOC
EuroGOOS
FGDC
GOOS
GOOSAG
GPS
IACMST
IOC
IODE
MARIS
MAWS
MCP
MDIP
MEDAG
MET
METNET
NASA
NDBC
NOAA
NWP

British Oceanographic Data Centre

British Petroleum

Channel Coastal Observatory

Centre for Environment, Fisheries and Aquaculture Science
Data Acquisition and Positioning System

Data Collection Platform

Department for Environment, Food and Rural Affairs
Environment Agency

European Centre for Medium Range Forecasting

European Directory of the Ocean-observing System
European Marine Energy Centre

European Space Observations Centre

European Global Ocean Observing System

Federal Geographic Data Committee

Global Ocean Observing System

UK Global Ocean Observing System Action Group

Global Positioning System

Inter Agency Committee on Marine Science and Technology
Intergovernmental Oceanographic Commission
International Oceanographic Data and Information Exchange
Marine Information System

Marine Automated Weather Station

Measure Correlate Predict

Marine Data and Information Partnership

Marine Environmental Data Action Group

Meteorological Office

Meteorological network of metocean data held by Shell
National Aeronautics and Space Administration

National Data Buoy Centre

National Oceanic and Atmospheric Administration

Numerical Weather Prediction



ODAS Ocean Data Acquisition System

POL Proudman Oceanographic Laboratory

PTT Platform Transmitter Terminal

RARH Royal Artillery Range, Hebrides

RMS Root Mean Squared

SIMORC System of Industry Metocean Data for the Offshore and
Research Communities

UNESCO  United Nations Educational, Scientific and Cultural Organisation
ZCP Zero Crossing Period
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1.0 Introduction and Objectives

Image Copyright Marine Institute

1.1  Status of Industry

The marine energy industries of wave and tidal have been in existence for
over a hundred years with numerous patents applied for worldwide. The initial
large scale interest in these technologies occurred during the 1970s oil crisis.
After this interest peaked there followed a twenty year period of consolidated
research before a renaissance during the mid 1990s; concurrent with a
widespread public recognition of climate change issues. The past ten years
have seen a proliferation of technologies receiving public and private
financing; several of these device manufacturers have now reached the point

of full scale open sea trials, with full commercial deployments on a 5 to 10



year horizon. There is a significant focus on marine energy in the United
Kingdom with public incentive schemes, the European Marine Energy Centre
(EMEC) located in the Orkney Islands and the recent (2007) granting of
planning permission for the Wavehub project in Cornwall.

1.2 Resource Assessment

With the rapid development of the marine energy industry and commercial
scale farms a near term reality, there are parallels in their development that
can be drawn from the established wind energy industry. One of these is the
financing of projects. A significant aspect of securing finance is the
establishment of a predicted energy yield analysis valid for the lifetime of the
project. The certainty with which this can be predicted will establish the terms
under which finance can be acquired; i.e. with greater certainty to the energy
yield predictions there will typically be a higher level of debt that can be
leveraged and consequently a lower level of capital to be risked.

There are currently well established and widely accepted methods of
determining long term energy yields within the wind energy industry. To date
there is not an established and well tested methodology for achieving the
same goal for wave energy. However, comparison with the issues faced
during the development of the wind industry may lead to a saving in time and
resource by establishing the extent of long term wave data at present and
securing this resource until such time as an agreed methodology is developed

for the wave industry.

1.2.1 Wind Climate Prediction Methodology

The Measure-Correlate-Predict (MCP), methodology for long term wind
climate prediction is currently common practice within the wind energy
industry. The method is based on predicting the long-term wind regime at a
proposed wind farm site by establishing the relationship of wind speed and
direction between the wind farm site and an appropriate reference station
[Rogers et. al., 2005]. This process requires short-term hourly or ten-minute
mean wind speeds and directions to be collected over a period of
approximately 12 months, ideally longer, at both the potential wind farm site



and the reference station. The relationship determined by the correlation of

data points can then be applied to the long-term wind regime recorded at the
reference station over a number of years, hence giving a predicted long-term
equivalent wind regime for the wind farm anemometer location. The predicted
long-term equivalent site wind regime can then be used to predict the annual

mean energy production of the proposed wind farm.

1.2.2 Past Issues with MCP

Although the MCP methodology is now well established lessons in its
development can be applied to the emerging wave energy industry. A
significant issue with the application of the MCP process has been
establishing reliable and consistent sources of long term data [Colls, 2005].
Whilst established conditions at reference stations have resulted in fit for
purpose records for meteorological study and aviation these in many
instances have been shown to have been of insufficient consistency for use in
detailed wind project analysis. In particular, changing exposure of masts due
to building works, tree growth and relocation of the masts affects the wind
climate in which the mast is situated. Furthermore the monitoring equipment
often changes over time, resulting in corruption of records and therefore
shorter time series if these records are not maintained alongside the raw data.
All of the above issues can increase the uncertainty in energy yield predictions
as a large uncertainty value in any one aspect of the measurement and

storage path adversely affects the final prediction.

1.3 Applicable Lessons for Wave Resource Assessment

From consideration of the established methods of resource assessment in
wind energy applications the key issue is the quality and location of the long
term datasets. With hindsight the wind industry would have resourced the
establishment of a network of anemometry masts at its outset in order to
supply this data or sought to influence the existing reference station network
to satisfy industry needs. As the wave industry is still in its infancy there is
time to locate these potential long term datasets, establish their current and
potential future capabilities and influence the way that the network, metadata

and observational data are stored and evolved.



1.4  Objectives

With the above discussion as a background, this document seeks to report on
the following objectives:

Investigate potential long term wave data sources for the United Kingdom.
Establish which of these sources are of the greatest value to the emerging
wave energy industry.

Gather metadata for each source.

Establish technical characteristics of each source.

Consult with industry on the quality and coverage of available sources.
Make recommendations as to the network coverage and instrumentation.
The remainder of this document will follow through the above steps reaching
an expanded conclusion with detailed recommendations on how to proceed.
Extensive technical data sheets and metadata for the sources considered in

detail are appended at the end of this report.



2.0 Baseline Data Sets

2.1 Determining a Data Set

A baseline data set for use in the establishment of energy yield predictions for
a wave energy project is any data set that forms an ongoing, long term, record
of wave conditions at a defined location. There are several potential data sets
recording various wave parameters at different temporal and spatial

resolutions for the British Isles.

For the purposes of this study the criteria to be fulfilled are:

The measurements should be of a direct nature taken from as close as
possible to source with minimal instrumentation/processing.

Be taken at a spatially consistent point.

Be taken over a period of at least one year and be preferably ongoing.
There are several data collections held in the United Kingdom, the European
Union and the United States that fulfil these criteria and will be examined
through the rest of this section.

While this report is focused on the above criteria, other data sets may form
part of a wave resource assessment, namely remotely sensed and modelled
data sets. These data sets are not taken from direct measurements, rather
they are inferred from other parameters or are the results of mathematical
constructs, but for completeness sake several data archives are included in
this report. The issue of modelled vs. real buoy data is one that will be dealt
with as the wave industry evolves and Pitt provides a good comparison for the
Wavehub site in [Pitt, 2006]. The ultimate provision of wave resource
assessment in the absence of long term measurements taken on-site will of
necessity have to be constructed from any available data and the uncertainty

of predictions weighted to acknowledge this.



2.2  Fixed Point Measurements i Observational data

A fixed point measurement is taken at a spatially consistent point over a
significantly extended time period. The main methods available of achieving
this are through wave data buoy networks, oil and gas platform mounted
devices and measurements taken from shore-based observatories. The

following is an overview of potential data collections.

2.2.1 Types of Data Collection

Overview/Gateways

MEDAG

/\

Met Office

Marine Institute

SIMORC

WebNet
HR Wallingford

Raw Data Collectors Historical Data Archives

Figure 1 Showing relationships of data archives

The data archives examined in the follow sections can be broken down into

three generic categories:

Raw Data i These are archives collected directly by the host organisation
through use of their own, or contracted, equipment.
Historical Data 1 Data collections based on past measurement campaigns

that are no longer operational or were of a short term nature.



Overview Gateways 1 Collections based on ongoing and past measurements

not collected by the host organisation.

Figure 1 shows the relationships between the three types of data archive
considered in this section. Some collections cross over between the
representative categories chosen; for example Wavenet deploy and archive
data from their own buoys but display data from other Raw Data Collectors.
The Channel Coastal Observatory (CCO) in addition to its own records has

historical data from past surveys.

All of the data sources considered in this section are generally available for a
time period of 24hrs to one week after they are collected. Commonly these
results are displayed on the organisation® website. After this time the records
tend to be archived and are available on request from the data provider. In the
case of historical records, these are generally available free of charge to
academic users and subject to approval for commercial organisations.
Ongoing records, i.e. those recorded by the Met Office, Marine Institute and

WebMet, are available as commercial data sets.

There is to some extent crossover between all of the data collections identified
in Figure 1. For example the data collected by the Met Office and the Marine
Institute are presented in the collections displayed by Wavenet, NOAA and
MEDAG as well as some historical data records. During the course of this
study the NOAA dataset was found to be most useful in identifying ongoing
data records, whereas the MEDAG archive was the most complete in

containing the most records, both historical and active, taken in UK waters.



2.2.2 Raw Data Collectors

The following data sets are collected by the host organisation through use of
their own, or contracted, equipment
2.2.2.1 Met Eireann (The Marine Institute)

Figure 2 Showing the positions of the Met Eireann buoys (by permission of the Marine

Institute www.marine.ie)

Met Eireann' is the Irish National Meteorological Weather Service and is
attached to the Department of the Environment, Heritage and Local

Government.

The Irish Marine Data Buoy Network, see Figure 2 above, has been
progressively deployed from 2001 to stand at present as a six buoy network.
The majority of these buoys are located on the 12nm territorial waters

! http://iwww.marine.ie/home/publicationsdata/data/buoys



boundary with M4 in Donegal Bay and M6 most recently deployed at 210nm

from shore.

This network was deployed by, and is operated in conjunction with, the UK

Met Office, the Marine Institute and the Department of Transport.

Each buoy in the network records a variety of parameters including:
Wind speed and direction

Atmospheric pressure and tendency

Air temperature

Relative humidity

Sea surface temperature

Wave height and period

At present the network is based on the Met Office design of buoy with a heave
sensor only on board. For technical characteristics see Section 4.0. The
Marine Institute have currently replaced the M1 buoy with a Triaxys buoy,
having a more advanced sensor system on board. Data has historically been
transmitted by a Meteosat system, which is currently being upgraded to an
Axys Technologies Pilot Data Acquisition System that will allow two way

communications with the buoy network.

Current buoy data is available on the Mari
assimilated into the WaveNet and NOAA data collection sites. The full data

archives are available commercially on request to the Marine Institute.



2.2.2.2 WebMet T Metocean Data Network
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Figure 3 Meteorological data points available from WebMet (permission of Muir

Matheson)

Due to the presence of economically extractable oil and gas reserves, the
North Sea has been one of the most extensively studied areas in the world.
Much of the data recorded over this time is archived in the commercial
software package WebMet i Metocean Data Network from Muir Matheson?.

? http://www.muir-matheson.com/products-webmet.php
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Meteorological data is available for the points shown in Figure 3 and comes

from BP, Exxon Mobil, Met Office, Shell Expro, Total and Talisman.

Historically, the data gathered by the oil and gas industry has come from a
variety of sensors, depending on the stage of field development. Initial data
from the early 1970s were recorded by weather ships. These measurements
were, to some extent, limited by the equipment available, and significantly by
the response of the vessels [Tucker, 2001]. As technology progressed early
waverider buoys were deployed, increasing the resolution of data that could

be recorded.

As oil and gas platforms have been constructed there has been increasing
use of radar based technologies to monitor wave climates as well as
extensive use of downward looking laser equipment. The nature of the
platform itself being raised above the ocean surface lends itself well to this
technology type. While more platforms are moving to radar technology there
are still some buoys deployed in strategic locations. Data sheets for several of

these devices are included in Appendix C.

Research has indicated that oil and gas companies break the North Sea up

into three sectors with long term data sets associated with each.

The data sets available from the oil and gas sector are very extensive, and if
the coasts of the countries bordering the North Sea become economically
viable for marine renewables they will form a strong data set. However, at this
time most industry attention is thought to be attracted to the western
seaboards of the UK and Ireland. This being said the Oil and Gas data from
the Northern sector will provide a good reference for deployments in Orkney
and Shetland, for the verification of modelled wave records and, as an

alternate scenario, the co-location of wave devices with existing oil fields.

11



2.2.2.3 The Meteorological Office

Figure 4 Met Office Marine Automated Weather Station (MAWS) Network, permission of
Met Office

The United Kingdom Meteorological Office operates a series of autonomous
weather monitoring stations, shown in Figure 4, known collectively as the
Marine Automated Weather Station (MAWS) Network. This network consists
of 10 moored Ocean Data Acquisition System (ODAS) buoys (Section 4.0),
eight in deep water locations, five light vessels and three island stations. With

12



