Elena Starchenko and Shannon Earl, Fugro, USA,
look at how data can aid the offshore wind
revolution by maximising efficiencies throughout a
project’s life cycle.
he offshore wind market is expanding rapidly to meet increased global
demand for sustainable energy options. A decade ago, the world’s
offshore wind capacity totalled just 4 GW, with installations located
mostly in Europe. Today, that figure has grown to 35 GW with projects
located on multiple continents and significant new efforts underway in the US
and China, the world’s largest energy markets.
While impressive, these recent gains are just the start of what could be a
real offshore wind revolution. Industry leaders are calling for an exponential
increase in offshore wind projects to help reduce carbon emissions and
combat climate change. With government collaboration and support, it is
believed that more than 1000 GW of installed global offshore wind capacity is
possible by 2050. Meeting this aggressive target will require highly-advanced,
data-driven management processes to build efficiencies throughout the
project life cycle.

Information overload
“One of the major challenges to the efficient development and operation of
offshore wind farms is information overload,” said Jason Smith, Fugro’s Global
Director for Geo data Analysis and Geoconsulting. That is because during
the early phases of a development, project owners require endless streams
of geo data to inform site appraisal, environmental permitting, engineering
design, and eventually construction. This includes large volumes of metocean,
geophysical, and multichannel seismic data, field and weather reports, in situ
and laboratory based soil testing, and integrated analysis and reporting.
“Project geo data is collected over a period of years, with deliverables
often stored by clients in multiple, siloed systems that lack the connectivity
needed to support efficient, informed decision making,” Smith explained.
“And once a project progresses from development into operations and
maintenance, information about the real-time functionality of the wind farm
also becomes relevant, adding an additional layer of complexity to the overall
data management requirement.”
Operational data come from a variety of sources, including supervisory
control and data acquisition (SCADA) systems, which function as the ‘nerve
centre’ of offshore wind farms, recording turbine activity, energy output,
and potential performance issues. “Ideally, the early stage geo data would
be tightly integrated with the operational data to improve condition-based
and predictive maintenance strategies,” Smith said. “That seldom happens
however, given the size and isolation of generated project data.”
Smith and his team decided to change that.

Introducing an information management platform
Based on decades of experience providing site characterisation and asset
integrity services for offshore wind farm projects across the globe, Fugro has
developed a cloud-hosted information management platform that allows
project owners and their teams to access, visualise, and analyse full life cycle
project data in a single interface for fully informed decision making. The
solution is called Gaia.Hub.

Gaia.Hub is designed to provide clients with secure,
web-based access to full life cycle project data that is both
georeferenced and time sequenced. The solution can be
accessed through a single sign-on (SSO) webpage and
requires no GIS experience or specialised software. “Put
simply, Gaia.Hub is a cloud-based information delivery,
engagement, and management portal that provides project

stakeholders with a singular source for accessing and
organising various steams of integrated, real-time project
data. This includes publicly available information and site
specific geo data acquired during the development stages
of a project, as well as performance data generated during
wind farm operations,” Smith explained.

A fully customisable solution
Importantly, Gaia.Hub can be implemented at any stage
of an offshore wind project and provides the scalability
and flexibility to support the entire life cycle. Customisation
takes shape through web-based applications that are
tailored to meet specific client and project needs. These
applications make it possible to track the status of active
field programmes, manage project documents, and share
large data files. Eventually, as the wind farms become
operational, these applications are extended to include realtime operational datastreams, providing operators with a
unified display of information for improved asset uptime and
reduced costs.

Real-time tracking
Figure 1. An offshore wind farm in the North Sea.

Gaia.Live enables real-time tracking of project work
scopes, such as geophysical surveys and geotechnical
investigations. The interactive application offers the client

Figure 2. Fugro Synergy supporting the Borssele wind farm project in the Netherlands.
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development team a full geospatial overview of
acquisition activities, along with fast access to the
latest quality controlled geo data. As a result, clients
can make quicker decisions about fieldwork results,
gain a robust and accelerated understanding of
site conditions, and analyse different development
scenarios that will further improve operational
timelines.

Easy transfer and storage of files
Gaia.Books is a client deliverables repository that
simplifies the transfer and storage of project files
associated with new geo data acquisition, analysis,
and reporting. From this application, client teams can
access daily progress reports, project management
documents, exploration logs, and laboratory testing
schedules, reports, and data files. In addition to
optimising the deliverables process, Gaia.Books
provides a master document register to ensure all
parties are accessing the most recent version of any
given document. This feature allows continuous
documentation and reference for all aspects of the
development, for the entire life of the project.

Specialised applications
Gaia.Hub also accommodates additional specialised
web-based applications, which can be customised
to enhance data acquisition and analysis. Examples
include those related to real-time datastreams, 3D
ground modelling, and cable route optimisation.

Real-time datasets

Figure 3. Gaia.Hub provides authorised users access to all project geo data and
documents from a single website.

During the life cycle of a wind farm, a number of
specific datasets are acquired to determine realtime site conditions. These include metocean
datasets from both stationary locations and buoys,
environmental (benthic and wildlife) monitoring
sensors, and structural and SCADA datasets. In
addition to their immediate site assessment value,
these time-based datastreams contribute to trending
and predictive models. When tied to the wind farm’s
underlying geo data in Gaia.Hub, this information
can help wind farm owners reduce uncertainty in
engineering specifications and aid in operational
planning to reduce costs and enhance project safety
and efficiency.
The metocean component of Gaia.Hub is a
good example of how real-time datasets impact
the project life cycle. With instant access to wind,
wave, current, and meteorological data, project
engineers can optimise their wind turbine design,
installation, and eventually operations and
maintenance. Environmental DNA (eDNA) is another
valuable example. This new technology is planned
for integration in Gaia.Hub, and will enable project
owners to efficiently monitor and model genetic
material in the water column to help ensure the least
possible impact to the marine ecosystem.
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3D ground modelling
Constructing a regional ground model is fundamental to
designing offshore wind developments, allowing clients to
visualise their projects in 3D and conceptualise aspects of their
project, such as how geohazards and engineering constraints
will impact the planned development. Gaia.Hub incorporates
specialised software to develop regional 3D ground models
based on geophysical and geotechnical project data. These
models contain and display soil layers, properties, features of
interest, geologic hazards, and constraints. This helps clients
quickly visualise complex and variable foundation conditions
across a wind farm site, thus helping accelerate development
scenarios and operational timelines.

Figure 4. Geophysical operations dashboard showing project data that
was updated as it was collected on a 24-hr schedule.

Cable route optimisation
Power cables are a critical yet vulnerable asset of offshore wind
farms. Inter-array and export cable distances are getting longer
and power loads are growing. Extensive geo data is needed to
assess the operational risks and routing constraints for these
cables. Such considerations include existing infrastructure,
shipwrecks, prohibited areas such as dumping grounds, and
unfavourable seafloor conditions including sand banks, steep
slopes, and rocky outcrops. The cable route optimisation
application in Gaia.Hub incorporates constraints into its primary
algorithms for development of least cost routing and burial
depth determination. The route optimisation tool is suitable for
initial corridor selection and as more site-specific, engineering
scale geo data is acquired, the tool can incorporate and
analyse the latest information to support routing iterations in an
auditable and repeatable manner.

Figure 5. Geotechnical dashboard in Gaia.Hub, providing insight on the
seafloor test data captured during an ongoing sampling campaign.

The platform in practice
Gaia.Hub site was successfully launched by Fugro earlier this
year, and has since been used by numerous project managers,
engineers, and scientists. The most comprehensive use case
involves a project off the coast of New Jersey, US. The initial
contract is for two years and is designed to help the wind
developer streamline its early stage decision making and
accelerate its overall project schedule. According to the
operator, “The comprehensive data solution is advancing
the way we work collaboratively and encouraging complete
utilisation of the valuable datasets.” Since the initial deployment
of Gaia.Hub, several additional operators have adopted the
solution in the US, Europe, and Asia Pacific regions.
Gaia.Hub allows for the collection, management, analysis,
and integration of varied project information, providing wind
farm operators with the basis for data-driven decision making.
Its foundational components include a scalable, cloud-centric
platform, leveraging best in class solutions for document
management, GIS, real-time data processing, and operational
technologies. As the global offshore wind market continues
to expand, having solutions that support the full project life
cycle will be critical to successful operations. Gaia.Hub’s value
begins with tools to support early wind farm development and
grows to meet operational and maintenance needs, helping
clients maximise efficiencies throughout the project life cycle
and develop affordable offshore wind energy in a safe and
sustainable manner.

Figure 6. Integrated data analysis dashboard in Gaia.Hub, providing an
early look at preliminary results from the geotechnical lab testing and
ongoing geophysical interpretation for transparency into the ground model
development.

Figure 7. As a full life cycle solution, Gaia.Hub integrates all available
project data into a 3D digital twin of the offshore wind farm, enabling
efficient operations and condition based maintenance.
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