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stage
researcher
peer
group,
the
industry
representatives who provided the tasks and also a
number of academic persons who were available
during the process. This is parameterised using the
effect of the experience level balance within the
groups, the overall knowledge base of the group
relevant to the task and in general, and an appraisal of
the organisation and decision making within the
groups.
This work is relevant to industry in the sense that
these small groups of researchers are of the same
calibre and size as would be found in many larger
organisations (and are in fact the same people who are
or will be found in those organisations). Insights gained
into the most appropriate key skills and forms of group
selection will be of interest to companies trying to
build a multidisciplinary and semi-autonomous
research team as the work undertaken here is
significantly different to that encountered in an
academic environment.

Abstract
The International Network on Offshore Renewable
Energy (INORE) is a fully autonomous organisation
comprising over 430 PhD students, early-stage and
industrial researchers from 50 countries. This paper
summarises the role of INORE in supporting the
offshore renewables sector, and exemplifies this by
presenting the results of technical collaborations
between six groups of early-stage researchers
recently undertaken at the 4th INORE Symposium
in Dartmouth, UK.
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1 Introduction
The International Network on Offshore Renewable
Energy (INORE) is a fully autonomous organisation
comprising over 430 PhD students, early-stage and
industrial researchers from over 50 countries.
The role of this paper is two-fold: we will introduce
INORE and review the growth and activities to date,
and also summarise the activities of INORE in
supporting the offshore renewables sector. We
exemplify this by presenting the results of technical
collaborations between six groups of early-stage
researchers recently undertaken at the 4th INORE
Symposium in Dartmouth, UK. These results came
from an exercise whereby invited industry
representatives set questions for 6 groups of 10
researchers with mixed skill-sets and experience levels,
and these groups were given a short duration (5 hours
plus free time) in which to form a team, examine the
question and attain a solution.
The effect of the range of experiences brought to
each problem is examined in terms of the quality of the
solutions, measured via feedback from the wider early-

2 History, Organisation & Composition
The idea of creating a network for young researchers
who worked on offshore renewable energy evolved
from the project “PhD Pool on Offshore Renewable
Energy” which consisted of one Post Doc and three
PhD students associated to the Norwegian Centre for
Renewable Energy (NTNU) and financed by the
Research Council of Norway. The intention with the
PhD Pool was to let researchers from different fields
work together in order to create solutions that are
difficult to achieve without an element of
interdisciplinary thinking. The PhD pool soon realised
the need for a bigger community to enable the
discussions needed to obtain this goal. Inspired by the
blooming industry and lack of real cooperation across
country boarders the work to establish an
interdisciplinary and international network was started.
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Figure 1:. Time line of INORE’s growth since the launch of www.inore.org

One of the key ideas was to establish a truly
international network. To ensure the international spirit
an interim committee meeting with participants from
four different countries was held near Trondheim in
April 2007. The meeting was attended by the three
initiators from Norway and three new committee
members who were selected after applications.
The objectives of the meeting were to establish
targets, strategies and visions for the network. New
committee members from three different countries with
different background and knowledge were invited in
order to make the network truly international from
inception and to assure commitment in several
countries from inception.
Since then, the network has evolved and matured.
The steering committee is partially renewed by election
every year, and since the website (www.inore.org)
came online in March 2008, allowing administration of
the growing membership, the network has grown year
on year. Membership to INORE is through the website,
and there are currently 2 categories: web-member, open
to anyone with an interest, and INOREan, open to
early-stage/PhD researchers. INORE has members
within 179 different bodies representing industry,
government agencies and universities.
There is no real network without activities and
communication and INORE creates opportunities for
informal arenas to better see the possibilities and
challenges that lie ahead through discussion, evaluation
and dissemination. INORE operate on three timescales:
INORE operates continuously via the website,
frequently via workshops and also by an annual
symposium. Workshops are typically held in
connection to an established conference with relevance
for offshore wind, wave or tidal energy. These
arrangements are open to non-members.
INORE’s main arena is the annual symposium, and
this event is only open to INOREans. The INORE
Symposium is an international event for early-stage
researchers to discuss their work and learn through
each other’s experience. This event helps the launch of
future sustainable collaborative research between the

different participants, and INORE have provided
limited funding to 5 collaborative research partnerships
through the International Collaboration Incentive
Scheme (ICIS). The Symposium is not only an
academic arena: to facilitate networking and learning,
the symposium also includes social activities and panel
sessions with keynote speakers – industry leaders,
leading researchers or government representatives –
and this year the idea of collaborative tasks set by
industry was pioneered. Attendance and location of
previous symposia is summarised in Table 1.
Table 1: Summary of symposium attendance.
Trondheim (Norway) 2007
20
Comrie (Scotland) 2008
39
Ghent (Belgium) 2009
56
Dartmouth (England) 2010
59

3 INORE in Numbers
An analysis of INORE is now given to highlight the
breath of the organisation through the range of
nationalities, disciplines, area’s of research and the
specific fields within them.
Within INORE 49 nationalities are represented, the
percentage breakdown is shown in Fig. 3. Europe
including Scandinavia, has the largest presence with
70% of INORE based there.

Figure 2: INORE by Nationality (Global & EU)
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The scope of research by INORE’s members
encompasses all key aspects of offshore renewables.
Research is split into the main areas of offshore
renewables, Wind, Wave and Tidal including the
combined projects separately, see Fig. 3. Due to the
demographic of members OTEC has only just entered
the research scope of INOREans.

participants. The groups were given 5 timetabled hours
over 2 days in which to consider the tasks. Various
academic and industrial contacts were on site over the
allocated time to provide groups with guidance and
advice. The teams presented their findings to
representatives from the companies setting the tasks
and feedback was sought. Due to the nature of the task,
and the type of question, it is not possible to present the
outcome from Group 1 in this paper.
Group 2 and 3: renewableUK tasks
renewableUK set 2 group questions, focusing on the
establishment of cost effective procedures to progress
the development of the marine energy industry.
The first group question was on the technological
developments needed for the development of best
practice guidelines for the marine energy industry,
taking both the rationale for such guidelines and
whether the industry was mature enough for a strict
development path into account.
The group identified the reasons within the industry
for best practice guidelines as obtaining public capital
to de-risk private investment, needing more trust in the
developers, a less dispersive funding model, and
enforcing rigorous checkpoints throughout device
development.
Case studies of marine energy devices were used to
highlight the variations in the methodologies of device
developers. Positive examples include the action taken
by MCT, by investing in ecological impact assessment
they contributed to improved public perception of
marine devices and development of marine guidelines,
the tank testing program by Pelamis with numerous
tank tests before deployment leading to a detailed
understanding of the device performance and the
incremental approach of Wavebob in advancing their
technology with each model scale. Conversely the early
demise of devices such as Osprey, Aquabuoy and AWS
Mark 1, where the rush to ocean and a lack of small
scale testing lead to an unexpected component failure
causing device failure.
The technological developments within each of the
three main development phases were identified from
the case studies and a set of procedures to be fulfilled,
in order for every device to progress in low risk
manner.
The R&D phase requires tank testing of model
scales from 1:50 to 1:15 and numerical modelling
showing proof of correlation between physical and
numerical models. Pre-commercialisation requires
testing 1:15 or lower scale models in benign test sites,
resource assessment and location analysis, obtaining
planning permits and analysing site considerations,
standard
data
acquisition
processing,
FMECA/survivability analysis, non-linear simulations,
third party verification through due diligence
guidelines and accreditation with recognised bodies.
This phase is strongly focussed on power quality,
deployment and maintenance, environmental impact
assessment, stakeholder engagement and meeting
applicable offshore structure standards.

Figure 3: % of INOREans in each research area

The disciplines within the areas of research are
highlighted in Fig. 4. Engineering is currently the
prominent discipline within INORE while researchers
from the sciences, namely ecology, and economics,
policy and social studies gradually increasing in
numbers. The main fields of research, categorized in as
7 prominent research fields, within the engineering
target areas are also shown in Fig. 4.

Figure 4: INORE by discipline.

4 Collaborative Task
During the run-up to the 2010 Symposium, a number
of companies and institutions were approached by the
INORE steering committee and asked to provide
questions based on their current research.
Some of the companies that responded were
renewableUK (formerly BWEA), Marine Research
Institute, Netherlands, (MARIN), Statkraft and
RegenSW. These companies represent utilities,
research institutions, consultancy companies, regional
renewable support agencies and industry associations.
Their questions were used as input for a series of
collaborative tasks.
These tasks were designed to allow INOREans to
experience working together as part of a focused
multidisciplinary team whose objectives may not
necessarily square with the experience and skills of
each participant. The teams were allowed to self
allocate the questions, but each comprised around 10
3
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Non-technical issues undermining the development
of many devices and influencing deliverables were
identified as the standardisation of a power matrix
model for MEC’s, clearer financial guidelines for
underwriters and insurance & certification purposes
and the need to build contingency for early failures in
R&D phase. The task was concluded by stating that
this is an industry where failures are proof of learning
and they need to be a recognised part of any
development plan. However by following a predefined
path of incremental development the risk associated
with setbacks in any of the three developmental stages
can be dealt with and have a positive result.
Group 3 discussed the most cost effective means of
consenting prototype marine energy devices, focusing
on environmental consenting issues. The deployment
of large scale commercial marine energy arrays is
dependent upon testing prototype devices. This is a
costly exercise, which is compounded by
disproportionate environmental monitoring costs
caused by the uncertainty surrounding the
environmental impacts of marine energy devices.
Some areas of environmental concern highlighted by
the group included: marine mammals and their habitats,
benthic organisms, sediment transport and scour and
ecosystems around the area where the devices will be
deployed. The effect of marine energy devices on each
of these areas of the environment needs to be
understood. However, to quantify the effect marine
energy devices will have on the environment
knowledge of the initial environmental conditions
before the deployment of a device is required. At the
moment the onus is on the device developer to conduct
extensive environmental monitoring programs to
quantify the impact of their device on the surrounding
environment. This process is very costly to each device
developer and the information that they gather is often
not publicly available.
In order to reduce this cost the group suggested that the
government should fund specialised research groups
(such as PRIMaRE) to carry out initial extensive
environmental monitoring programs. The initial
surveys should look at every aspect of the environment
that may be affected due to the deployment and
operation of marine energy converters. From this
extensive survey a list the most pertinent key
environment markers should be made. These extensive
environmental
monitoring
programs
should
subsequently inform the regulator on the most
important environmental issues that device developers
need to monitor. This should reduce the scope of
environmental monitoring carried out by device
developers at present, making the consenting process
more time and cost effective for all parties involved.

with other offshore resources, and to see a framework
to evaluate various solutions based on fiscal, technical,
environmental, and social merits. This is a particularly
relevant question for the large expansion of offshore
wind farms anticipated in the U.K. of up to 32 GW.
The nine INOREans who took up the question
responded with a portfolio of potential solutions as
well as a traffic light comparison of various storage
technologies. The portfolio of solutions included:
• conventional back up generation;
• demand response;
• extending the grid through transmission and
technological improvements;
• combining wind power with other renewable
resources;
• energy storage options.
A central conclusion of the INOREans is that a
portfolio of the five solutions will address the overall
issue, but that each utility will have a different portfolio
appropriate for their region, market, and existing
electricity infrastructure.
Demand response options, or the “smart grid,” are
likely to provide some measure of support to large
scale renewable integration, but will have limited
capacity and regulatory and market challenges.
Extending the grid with transmission between
resources, regions, and countries is effective with
current technology, but the permitting process and
some market and regulatory uncertainty cause lengthy
construction times. Combining offshore wind with
other resources such as wind or tidal energy is
promising, but contingent on commercialization of
those technologies on a similar time frame as the
development of the offshore wind farms. No storage
option is likely to be a standalone solution as almost
none are economically viable currently except for
hydropower, however only existing hydropower is
readily accessible. Other options such as vehicle-togrid storage systems, flywheels, flow batteries, and
compressed air may be more viable on limited scales at
a future date.
Statkraft’s second question was “what would be the
most crucial research challenges for a cost reduction
of around 30% to be attained in offshore wind farm
investment?” Since 2003, 350 offshore wind turbines
(OWTs) have been installed in UK water, totalling
around 1 gigawatt of installed capacity, however to
meet the 20-20-20 objectives there remains a further
6000 turbines to be deployed – this corresponds to a
rate of 2.5 per day until 2020, a significant increase on
the current rate of 0.1 per day.
The first area of concern was a technological choice
associated with the proposed fixing strategy, with water
depths of over 50m precluding piled OWT installation
and necessitating floating turbines. The group suggest,
given the state of the art in floating turbines and the
current knowledge and availability of piled OWTs, that
an 80/20 piled/floating split would be a suitable
package, allowing installation to proceed using existing

Group 4 & 5: Statkraft tasks
Statkraft also set 2 tasks, both focussing on offshore
wind technology. First: “do we have any feasible and
low investment current options for power balancing of
large offshore wind farms?” Specifically, they were
interested in storage options, combining offshore wind
4
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technology whilst gaining experience with new
methods associated with floating OWTs.
The main cost overheads and identified areas of
potential savings were:
• Installation: innovative methods & widening the
weather window;
• Foundation: new cost effective designs – floaters;
• Energy transmission: load centres, proximity with
O&G platforms, AC/DC/AC Conversion;
• Transportation: proximity with installation sites;
• Operation & Maintenance: reliable designs, health
monitoring systems.
The most significant savings, from the perspective of
research, were identified in installation. Weather
window size coupled with jack-up barge maximum
speeds of around 0.5 kts and the requirement for
separate vessels for foundation and turbine placement
make this a severe bottleneck, and research focussed on
development of bespoke turbine installation vessels
will likely pay dividends.
Additional research requirements in development of
integrated modelling tools for offshore wind farm
design were also identified. Such tools should
encompass large farm (400 WT ~20x20 km) effects
such as sensitivity to topography (wave directivity,
etc...), lay out of the farm (wake interactions) right
down to local, single wind turbine considerations such
as identifying the most severely impacted OWT, nonlinear wave loading (ringing), calculation of individual
loads dominated by turbulent wake and localised
seabed scour considerations. Such tools should be
provided in an integrated and user friendly form, with a
modular approach to allow for intermediate
optimisations as well as integration with an
“installation simulator” featuring tools for the
installation process including simulation of jacking,
ballasting, hoisting, DP capacity in current, installation
of a complete turbine at once and a
planning/workability tool. This would allow a
standardisation of protocols, error reduction and quick
computational turnaround and an increase in
installation rate by widening weather window and
acting as a proxy indicator as to where to focus energy
in R&D.

Unwanted oscillations in pitch and roll are
associated with additional viscous losses. A system
capable of reducing those oscillations would allow a
decrease in a boat’s fuel consumption. Furthermore, if
energy can be absorbed in the process, such a system
appears even more attractive. The fishing industry, in
particular, would benefit from such a system as it
would contribute to reduce its carbon footprint.
The nine INOREans who took up the question
conducted a brainstorming session to determine what
kind of systems could do the job. A number of
concepts were qualitatively examined and compared to
one another: on-board overtopping device, turbine
installed at the bow, articulated fins with a damping
action, sliding internal mass, and gyroscopes. Taking
into account such criteria as energy production,
reduction in pitch and roll motion, undesired reduction
in forward speed, complexity, size, weight and cost, the
group concluded that gyroscopes are likely to have the
upper hand. The technology already exists, (gyroscopes
were first applied to anti-roll stabilisation more than a
century ago) and is currently being revived. The two
most obvious advantages over the other systems
studied are that 1) the system is entirely enclosed in the
hull (no moving parts in contact with the water), 2) the
system can be applied to pitch or roll (by aligning the
gyro unit with the longitudinal or transverse axis of the
boat). Moreover, gyros have been considered for a
number of wave energy devices (most prominently: the
Salter Duck, Oceantec). Downsides include system
complexity, hazards related to a heavy rotating mass
and unknowns about energy conversion efficiency.
Group 7: RegenSW task
The sixth INORE collaboration question, set by the
renewable support agency, RegenSW was entitled:
“How can the marine energy industry demonstrate that
it will ever deliver cost efficient energy?” The brief
asked participants to discuss critical statements directed
at the sector, (such as lack of scale, commercial acumen
and focus on cost reduction) and discuss the validity of
these statements as well as what (if any) counter
arguments could be made. Additionally collaborators
were asked to discuss what lessons could be learned
from established technologies that had secured private
funding.
The output to the task was to be a ten minute
presentation which identified three key tasks that
industry needed to perform to convince investors that it
could deliver cost-efficient energy, stating what
implications this would then have for government
intervention measures.
The attendees discussed and (reluctantly) agreed
with the validity of many of these negative statements,
however much room was left for criticism of them for
presenting a overly simplified backdrop to the current
economic milieu. Fundamentally, it was agreed that a
lack of knowledge exchange and high levels of
heterogeneity among developers was resulting in a high
perceived risk to investors. It was decided that some

Group 6: MARIN task
Ships operating at sea experience significant
motions as a result of the waves. These can
considerably hamper the operations the ship is
performing, reduce the forward speed and are very
uncomfortable for the crew. Roll motions around the
longitudinal axis and pitch motions around the
transverse axis are a problem and there are different
ways to reduce the motions.
The question now is: can we generate energy that
can be used for practical purposes on board through the
waves around the vessel and the vessel motions? The
additional result would be a reduced vessel motion.
The devices to be developed should not hamper the
normal operation of the vessel or reduce its speed.
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form of risk reduction and collaboration mechanism
was needed to both help overcome these barriers.
Wave and Tidal Investment Portfolios (WIPs and
TIPs) were devised to help achieve these goals. These
portfolios consisted of developers who had reached a
pre-defined level of technological maturity but not
proven commercial viability. Shares in the portfolio
would assist developers deploy at ‘standardised’ sites
for a set period of time in which investor confidence
could be attained. Profits for shareholders would come
from deployment revenue and direct government
priming of the portfolio stock. Conditionality of entry
to the portfolio would entail sharing of performance
and deployment knowledge generated (with both
developers and investors) but would not compromise
IPR. Once proving has been accomplished, device
developers left the portfolio mechanism and are free to
engage privately with investors.

incorporating the Americas was formed at the 2010
Symposium. This will establish independent
workshops and symposia and will be self-funded,
creating more opportunities for the growing number of
North, Central and South American researchers to
become INOREans.
The website, which plays a prominent role in
INORE communications and is INORE’s most import
tool for sharing knowledge, is under development and
to be re-launched in 2010. New features include:
• Improved searching of content & members profiles;
• Access & Participation to events & their outcomes;
• Improved knowledge sharing via a Wiki section.
7

Conclusions

INORE’s mandate is to create a community within
the early-stage researchers in the offshore renewable
energy sector. The network has achieved this with great
success within academic research institutes and
increasingly within industry, with members from
device developers, energy utilities, consultancies, trade
associations, governmental agencies and large
companies. Maintaining a mutually beneficial synergy
between both sides of the sector is crucial for the open
atmosphere of INORE activities and the collaborative
opportunities that result. This carried out via the
collaborative tasks during the symposium.

5 Response from Industry & Discussion
The format of the response to the questions was
group presentations including 10 minute presentations
with 10 minutes of question time for each group.
Industrial representatives were present, from most of
the companies that provided the collaborative
questions, to form a judging panel tasked with
awarding a mark to each group post questioning. The
winning group on the day was team that worked on the
RegenSW task. The strategy they devised, using WIPs
and TIPs and their presentation proved very popular
with the panel.
The general feedback received from the industrial
representatives was altogether very positive. They were
impressed by the innovation, lateral thinking and
approach to problem solving adopted by INOREans.
Each company posed a question that was within their
area of expertise and relevant to their own projects.
Therefore, the industrial representatives welcomed
ideas and conclusions derived by INOREans through
the medium of the collaborative task.
Feedback received from INOREans was also
positive. The opportunity to discuss and debate ideas
with their peers, during the task, and people from
industry, during the presentation session, was seen as a
unique opportunity, which most people found very
rewarding.
The group task presentations acted to provide a
forum for INOREans and industrial representatives to
discuss issues relevant to the progression of the
offshore renewable industry, and debate how best to
tackle specific obstacles that are currently limiting
progress.

Figure 5: shows the current status of INOREans.

Fig. 5 serves to highlight the impact that INORE
will have on the offshore renewable sector with nearly
½ of current INOREans preparing to continue their
careers in the offshore renewable energy industry in the
next two years.
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6 Future Developments
Growth over the past four years has been rapid and
truly international. Maintaining the atmosphere of the
events and selecting participants in an equal and nonperformance based criteria to achieve a fair balance of
participants is challenging. One method to counter this
is to create INORE branches. A “West-Atlantic” arm
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