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success as a business is not proved and no profit has
been made by the developer (Fig. 1). In order to have
good chances to pass this stage, the following actions
must be undertaken:
• Develop safe full scale wave energy devices.
• Compare performance of WECs: production,
costs, and environmental impacts.
• Reduce technical and non-technical risks.
• Reduce information gaps or asymmetries
between ventures and private investors.
• Promote an accelerated shift from a
technology to a market focus.

Abstract
The Environmental Impact Assessment (EIA) is an
environmental
management
instrument
implemented worldwide. Full scale WECs are
expected to be subjects to EIA. The consents
application process can be a very demanding for
Wave Energy Converters (WECs) developers. The
process is possibly aggravated by the lack of
common frameworks or coordination between
authorities and statutory consultees. Improvement
of public administration’s efficiency, including
licensing procedures is therefore a key of success for
the entire sector. It is believed that part of the
challenges to an efficient consents application
process sit in this huge variety of existing
technologies as the environmental impacts of WECs
are strongly technology dependent, in addition of
being location dependent. The present papers aims
at introducing a new technology classification based
on the expected environmental impact of the devices
depending on few strategic parameters to simplify
and speed up the scoping procedure and to provide
an easier understanding of the technologies to the
authorities and bodies involved in the EIA of WECs.

In order to gain permit from the related planning
authorities to place a full scale WEC at a specific site,
an Environmental Impact Assessment is an
administrative procedure that a project will usually
have to pass [2]. The EIA can be an extremely
demanding process for the resources of the companies
in the wave energy development [3]. As full scale
WECs aren´t common, planning authorities in the
European context have in general not a specific frame
or body in place to handle the applications. This
increases the risk that conflicts arise from the
communication and thereby the risk that there will be a
lack of coordination among developer, consenting
bodies, authorities and statutory consultees ([4] and
[5]). As mentioned in Waveplam delivery 2.2: policy
measures and improvement of public administration’s
efficiency, including licensing procedures, are certainly
the most relevant means of mitigation of nontechnical
barriers at present and in near future [6]. This paper
presents a simplified method for preliminary EIA and
more specifically “Screening” and “Scoping” processes
based on a new classification of existing wave energy
technologies. Indeed, given the huge variety of WECs
it appears obvious that the environmental impacts of
WECs are strongly dependent on the technology in
addition to the location of the project. It is believed that
the challenges to understand the interaction with the sea
environment sit in this huge variety. This paper
proposes to solve the issue with a new technology
classification based on the expected environmental
impact of the devices depending on few strategic
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1.

Introduction

The beginning of the wave energy sector could be
compared to the dawning of the aviation sector because
of the variety of technologies involved and the nature
of the groups of people committed to the projects.
Today there are as many as 96 wave energy concepts
Worldwide, 49 of which in Europe, most of them
managed by small companies or private enthusiasts.
The R&D phase for wave energy converters (WECs)
takes 5-10 years with an average cost of €15M [1].
After this phase the product is lunched and its
technological success determined. Nevertheless the
technology is in the so called “valley of death”: its

1

3rd International Conference on Ocean Energy, 6 October, Bilbao
parameters [7]. This should directly and indirectly
improve:
• clarity in regulations,
• efficiency on administrational levels,
• communication between different authorities,
• re-structuring procedures.

Based on the comparative analysis, it is concluded that
a table underlining the principal areas of concern for
different groups of technologies as presented, makes it
possible to simplify the scoping procedure and to
provide an easier understanding of the technologies to
the authorities.

3. The existing classification
The traditional classification of wave energy converters
based on working principles (overtopping devices,
point absorbers and oscillating water columns),
location (shoreline, near shore, offshore) or orientation
to the main wave direction (terminators, attenuators,
buoys) fails to address the relevant parameters related
to environmental issues and can be misleading if used
to assess the environmental impact of the different
technologies.
For example, two oscillating water columns may use
different stability elements: the Mighty Whale (Japan
1998) is a floating structure moored to the sea bed
while the Pico plant (Pico, Azores 1999) is an onshore
device with gravity foundation. Pelamis and
Archimides Wave Swing are both designed to be
installed in deep waters but while the first one is
emerging from the surface, the second is several meters
submerged. In the same way, the Oyster and Wave
Dragon are both terminators but the first one is a
submerged wave activated body while the second is a
floating overtopping device (Fig. 2).

Figure 1: WECs´ steps toward commercialization after
product lunch, through the valley of death.

2. Methodology
To identify the receptors that are important to EIA of
WECs, this paper takes its point of departure in the
EMEC guidelines for EIA of WECs. The EMEC
procedures include the use of an impact matrix for the
screening and scoping of WECs where the activities
related to the life time of WEC are ranked based on
their possible impact on receptors potentially affected
in the use of marine space. How marine receptors can
be affected by WE installations is better defined in the
EU-funded projects EquiMar (7FP, 2008-2011, under
grant agreement n° FP721338).
Technological differences among WECs and related
potential environmental impacts are then presented so
that the existing technologies within the EU are
scanned in relation to 4 plus 1 criterions:
1) Distance from shore (onshore, intermediate,
offshore)
2) Stability elements (simple moorings, complex
moorings, gravity foundations, piles)
3) Obstruction to water column (little, some,
very)
4) Power takeoff
5) Obstruction to the sea surface (in case of wave
farms).
In relation to these criterions it is identified how the
technological differences affect the likelihood of
potential environmental impacts. Based on the expected
similar impact of the converters on the environment, a
classification of WECs is presented. This is done by
comparing the technology with the impact matrix based
on the EMEC Guidance. Finally, a comparative
analysis is conducted between the expected
environmental impacts derived from the classification
against the results from the EIA of WECs that has been
conducted at the present time (Wave Dragon Wales and
AquaBuOY Oregon).

Figure 2: Sample of variety of wave energy technologies.
Mighty Whale and Pico plant (top lf and rg); Archimides
Wave Swing and Oyster (centre lf and rg); Pelamis and Wave
Dragon (bottom lf and rg).

Different wave energy technologies have different
things in common that can be listed as follows:
electrical transmission infrastructure, electrical system,
subsea conversion station / system and energy storage.
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Unless the device is onshore, these installations may be
responsible for electromagnetic fields and for the
impact on benthic habitats. Other common features are:
shore connection, shore facilities and in most cases use
of antifouling (with exception of concrete structures
such as onshore Oscillating Water Column devices
(OWC) or Sea wave Slot cone Generator (SSG) [8].
The latter could be responsible for degradation of water
quality.
For the rest, similarities in different WE technologies
have been grouped under 5 relevant parameters directly
linked to their interaction with the marine environment.
Forerunning this approach, Wave Hub suggested that it
is possible to identify WEC having the greatest impact
on that particular receptor previous the actual
realization of any EIA or Environmental Statement
(ES). Indeed, the EIA process for Wave Hub
considered the likely impacts of the project its lifetime
so that the different environmental impacts were
assessed for the worst case and the typical case
scenarios, in order to establish impact thresholds for the
different receptors and provide an envelope of potential
environmental impacts [9].

offshore site can be lost naturally through frictional
effects with the sea bed before it gets to the shoreline.
4.2 S: Stability element
It can be said that most impacts are associated with
establishment and decommission phase of WECs.
Considerable impact can be then attributed to the
installation of stability elements. Four elements can
provide stability to WECs depending on the device:
• For floating devices, anchors/moorings that
allow different degrees of movements are
used. Mooring lines can be simple or complex
and especially in case of wave energy parks
they can form intriguing underwater patterns.
Simple moorings are here considered the ones
that see no more than 3 lines to and from the
single device.
• For bottom supported structures, piles or
gravity foundations are used.
The S parameter has direct influence in the following
receptors: benthonic habitats, geology, archaeology and
water column species.
Piling is with no discussion the most intrusive practice,
considering also the noise during the installation phase
and the permanent impact on benthonic habitats,
geology and possibly archaeology. Here impact on
water column species is considered to be limited to the
installation phase and therefore minor.
Moorings are in general the less impacting practice
presenting a negligible impact on geology with only in
case of complex mooring or wave farms impact to the
water column species caused by the mooring lines may.
Gravity foundations are considered to have moderate
impact on the benthonic habitats, estimating potential
recovery within 2 years from installation, while
negligible impact is expected to occur on water column
species. Moderate impact on geology has here been
attributed to this practice as less intrusive than piling,
but usually interesting a bigger area than moorings or
anchors.

4. New technology classification based on
relevant environmental parameters
In the following paragraphs the five parameters and
derived new technology classification are presented
(Fig. 3).
4.1 D: Distance from shore
It is possible to classify the devices by the distance
from shore:
• Onshore devices. All the devices installed on
land, in harbours or any device installed
within the swash and surf zone.
• Intermediate water devices. All the devices
installed further than the surfzone or in any
case within 5 km from land.
• Offshore devices. All the devices installed
further than 5 km from land.
The D parameter is responsible for the device
interaction with: local communities (visual impact and
recreational use of the sea); coastal processes such as
current velocities, wave heights, sediment dynamics
and coastal species and navigation and fishery.
It is possible to state that the major impacts for local
communities occur for onshore devices as inhabitants
are directly exposed to the different phases of the
device lifetime. Major impacts related to coastal
processes are also expected to occur for near shore
devices [10] while the impact on navigation is nil.
Intermediate waters tend to be busy with recreational
and economical activities so that major impacts cannot
be excluded.
For offshore devices negligible impacts are expected on
local communities, while impacts on navigation can be
major. The evaluation of the impact on coastal process
must be further investigated, even though it seems
reasonable to consider a minor-negligible impact as the
majority of the available wave energy at a deep water

4.3 z/d: obstruction to water column
The water column being the habitat of most sea species
as well as the area for propagation of currents and
wave, and the presence of wave energy devices being a
possible degradation of the natural conditions of this
environment, it seems reasonable to introduce a factor
that alerts to the restrictions that these receptors may
run into. Being d the water depth at location and z the
draft of the wave energy device if floating or the
extension from the sea bottom if bottom based [11], the
parameter expresses the relative obstruction of
the water column (vertical) by the device. z is positive
for floating devices and negative for bottom based
devices (Fig. 3, bottom). The absolute value of the
obstruction parameter is included between 0 and 1,
assuming it is never equal to 0 and equal to 1 for total
obstruction of the water column.
Depending on the z/d parameter, the WECs can be
classified as follows:
• Little obstructive, for
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• Obstructive, for
• Very obstructive, for
The z/d parameter has direct consequences on the
receptors: water column species, costal processes,
navigation and fishery, local communities (recreational
activities).
For onshore devices z/d < 0.1. This seems reasonable,
as onshore devices have relevant impact only on the
above receptors listed also for the D parameter.
It is clear that currents and waves propagate with
different mechanisms at different depths and that it is
relevant if the partial obstruction interests the lower or
higher part of the water column. The major impacts
occur for very obstructive devices. Behaviours such as
avoidance or permanent loss of habitat are of major
concern.
4.4 w/a: obstruction to sea surface
When considering wave energy farms the EIA must
take into account impacts related to their extension, like
conflict of utilization of the sea resources with other
sectors, the hydrodynamic processes, sediment
distribution and movement, routes of large sea species,
such as mammal.
z/d being a parameter that refers to two dimensional
conditions, it seems important to mention the
introduction of another parameter to provide a 3D
assessment. a being the total area occupied by the WE
farm and w the sum of the areas of the structures (Fig.
3, top), the parameter w/a expresses the horizontal
obstruction of wave farm installations and implements
the z/d parameter. This parameter is related only to
offshore or intermediate devices, w=0 being for
onshore devices. The parameter w/a is expected to have
influence on the receptors: navigation and fishery,
interference with marine animal movements, coastal
processes, local communities.

Figure 3: Relevant parameters for EIA of WECs based on the
new technology classification.

5. Simplified impact assessment tables for
EIA of WECs
It is possible to conduct the EIA of WECs based on the
presented new technology classification. All the
relevant receptors involved in WE are represented in
the impact assessment tables where the expected
impacts are quantified based on the classification
(Tables 1-3). Not mentioned beneficial impacts regard
artificial reef effects, save in CO2 emissions or
improvement of local economy or local community
life.
First step in the suggested method consists on assigning
the technology under investigation the appropriate
classification and then check its expected
environmental impact on the impact assessment tables
and in the guidelines with regard to the P and w/a
parameters (impact assessment tables must be created
in the near future for these two parameters).
The environmental impact is ranked in decreasing
mode from major to nil based on the EMEC impact
matrix guidelines. A legend that associates to different
colours, impacts with different degrees of gravity is
reported in Fig. 4.
In a second stage, if the impact on a specific receptor is
presented in more than one table, careful investigations
must be adopted due to the issues related to interaction
of different relevant parameters. The tables should
provide a quite conservative approach to the EIA of
devices. If the implementation of this method is
unanimously used by developers, authorities and
statutory consultees, the consents application process
could be simplified and sped up.

4.5 P: Power takeoff system
As already anticipated in assessment of energy
converters and their impact on power systems [12 and
13], WE technologies can classified based on their
power takeoff systems. This involve moving parts,
either directly activated by wave motion (hydraulic
ram, elastomeric hose pump and air turbines) or by
wave energy potential (hydroelectric turbines) and a
system to convert the mechanical energy into electricity
(generators). The stage of conversion is obviously
technology dependent and so is the expected impact on
receptors. In first attempt it is possible to address these
issues to specific power takeoffs. The main disturbance
to the environment, derived by the power takeoff of the
devices, is caused by noise and accidental oil spillage.
Hydraulic ram, hydroelectric turbines and air turbines
are noisy and especially air turbines can be of high
disturbance for local communities. Hydraulic ram and
elastomeric hose pump system may generate oil
spillage as a consequence of malfunctioning. The
underwater noise and the water quality interference is
subjected to large uncertainties, but it is important to
address the issue conducting relevant baseline studies
supported by appropriate monitoring programs.
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Receptors

Class.
Onshore
devices
Intermediate
water devices
Offshore
devices

Local
communities

Coastal
processes
and coastal
species

6. Support to the present assessment
method by existing EIAs

Navigation
and fishery

The EIA of AquaBuOY and Wave Dragon have been
used to validate the assessment method presented in
this paper. It emerges that the assessment method
succeeds in addressing the relevant parameters for the
environmental impact of WECs. Also the classification
of devices depending on the introduced parameters
correctly addresses the impact of the specific devices.
Discrepancies regard the assessment of the impact on
water column species and costal processes derived
from the estimated influence of the z/d parameter for
AquaBuoyWEC. According to this paper, the
technology belongs to “very obstructive” class having
the installation in 46 m water depth a 25 m long draft,
resulting in z/d=0.54. For this case we claim potential
major impact for water column species and moderate
on water coastal processes while the developers
declares minor and negligible impacts respectively. The
discrepancy may be because of too conservative value
for the z/d parameter.
With regard to the validation of the presented model
based on Wave Dragon case, the only relevant
prevision inaccuracy regards the impact on navigation
derived from the D parameter. The Wave Dragon´s
class for the installation in Wales is “intermediate water
device” and therefore major impact on navigation can
be expected. Nevertheless the final statement of the
developer is that the device has negligible on the
specific receptor. It is anyways believed that despite the
apparent contradictory result, the tables do not fail on
addressing correcting the issues as the developer
admitted that the opposite was demonstrated with
struggle after long time discussions.

Table 1: Impact Assessment table based on the distance from
shore (D parameter).
Receptors

Benthonic
habitats

Geo
logy

Archae
ology

Water
column
species

Class.
Simple
moorings
Complex
moorings
Gravity
foundation
Piles

Table 2: Impact Assessment table based on the used
stability elements (S parameter).
Receptors

Class.
Little
obstructive
z>0
Little
obstructive
z<0
Obstructive
z>0
Obstructive
z<0
Very
obstructive
z>0
Very
obstructive
z<0

Water
column
species

Navigation and
fishery

Coastal
processes

Local
communities

7.

Conclusions

Selection of 5 relevant parameters for EIA of wave
energy converters has been made. Based on these
parameters, a new sub-classification of devices with
special attention to the environmental impact has been
implemented. For each parameter, impact assessment
tables based on EMEC impact matrix have been
created. The Impact assessment tables provide a
conservative approach to the definition of relevant
areas of concern for the WECs installations that can
contribute at simplifying and speeding up the consents
application process for WECs.

Table 3: Impact Assessment table based on the used
stability elements (S parameter).
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