International Journal of Marine Energy xxx (2016) XXX-XXX

Contents lists available at ScienceDirect

International Journal of Marine Energy

R INTERNATIONAL JOURNAL OF
MARINE ENERGY

journal homepage: www.elsevier.com/locate/ijome

Environmental Impact Assessment: Gathering
experiences from wave energy test centres in
Europe

Deborah Greaves **, Daniel Conley ?, Davide Magagna ?, Eduardo Aires ",
José Chambel Leitdo®, Matthew Witt “¢, Clare B. Embling ¢,

Brendan J. Godley ““, Anthony W.J. Bicknell ©“, Jean-Baptiste Saulnier ¢,
Teresa Simas', Anne Marie O’Hagan®, John O’Callaghan ®, Brian Holmes &,
Jan Sundberg ", Yago Torre-Enciso’, Dorleta Marina'

4School of Marine Science and Engineering and Marine Institute, Plymouth University, Drake Circus Plymouth PL4 8AA,
United Kingdom

Y HIDROMOD, Rua Rui Teles Palhinha, n°4, 1°, 2740-278 Porto Salvo, Portugal

€Environment and Sustainability Institute University of Exeter, Penryn Campus, Penryn, Cornwall TR10 9FE, United Kingdom
d Centre for Ecology and Conservation, University of Exeter, Penryn Campus, Penryn, Cornwall TR10 9FE, United Kingdom
€ LHEEA/EMO, Ecole Centrale de Nantes, 1, rue de la Noé, 44300 Nantes, France

fWavEC, Offshore Renewables, Rua Jerénimo Osério, 11, 1° andar, 1400-119 Lisboa, Portugal

& Beaufort (c/o HMRC Building), ERI, University College Cork, Cork, Ireland

" Uppsala University, Swedish Centre for Renewable Electric Energy Conversion, Dept. of Engineering Science, Div. of
Electricity, Box 534, 751 21 Uppsala, Sweden

Ente Vasco de la Energia, Alameda de Urquijo, 36 1°, Edificio Plaza Bizkaia, 48011 Bilbao, Spain

ARTICLE INFO ABSTRACT
Article history: The wave energy industry is an emerging sector and a new user of
Received 15 July 2015 maritime space that has potential to contribute significantly to the

Revised 9 February 2016
Accepted 18 February 2016
Available online xxxx

EU renewable energy goals. International and national regulatory
frameworks necessitate Environmental Impact Assessments (EIA)
that provide important data to inform development consent deci-
sions. Here we have evaluated experience related to the assess-
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Wive energy ment programmes at EU wave energy test centres combined with
Europe knowledge gained from EIA produced for other similar renewable
Test centres energy developments. From this we have identified key receptors
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Environmental Impact Assessment of concern, as well as the type and magnitude of impacts which
Receptors ) may be expected. The key environmental receptors of concern for
Recommendations wave energy EIA include the physical environment (e.g. morphol-

ogy, waves and current) and flora and fauna' as represented by
marine mammals, seabirds, benthos, fish and shellfish.

From a review of the EIAs performed at wave energy test centres,
we identified several lessons regarding the wave energy EIA pro-
cess. There is clear evidence that the receptors of primary interest
are dependent on factors such as the local environmental charac-
teristics, the presence/absence of protected species and the regula-
tory authority under which the EIA is performed. Furthermore, it is
recommended that concerns relating to cumulative impacts, from
an expanding level of wave energy development taking place in a
background of growing utilisation of the marine environment,
which are largely unknown at this early stage of the industry
may be comprehensively addressed at the national level as part
of a Strategic Environmental Assessment (EIA) and/or in
Maritime Spatial Planning (MSP) and that it should be regularly
reassessed.

© 2016 Published by Elsevier Ltd.

1. Introduction

The wave energy industry is an emerging sector and, in comparison with more established indus-
tries, is a new user of maritime space. The potential of wave energy to contribute towards EU renew-
able energy goals and climate change mitigation have long been discussed [7,11,4]. However, technical
and non-technical barriers still need to be overcome in order for wave energy to become an estab-
lished energy source.

A particular non-technical matter experienced across Europe by different device and site develop-
ers is the necessity of this new industry to abide by EU and national regulatory frameworks for plan-
ning and development consents. In particular, wave energy developers need to comply with the EU
Environmental Impact Assessment (EIA) Directive and associated national legislation, which necessi-
tates the collection and collation of environmental data in order to enable regulatory authorities to
make an informed decision on the proposed project and its potential environmental impacts at an
early stage.

In the EU, the EIA process is codified in Directive 2011/92/EU and amended by 2014/52/EU, which
defines the framework for the EIA process. The Directive identifies the projects subject to mandatory
EIA (Annex I), and those for which EIA can be requested at the discretion of the Member States (Annex
I), whereby the national authorities have to decide whether or not an EIA is needed.

The EIA process requires developers to supply comprehensive environmental data relating to both
baseline conditions and possible environmental impacts of device installation. Given the novelty of
wave and tidal energy device deployments, many effects and impacts are unknown and have not been
quantified as yet [26]. This has resulted in a number of gaps in the information, data and knowledge
available to regulatory authorities and developers. One significant problem constraining wave energy
project development is definition of the scope of the EIA, e.g. what kinds of data are collected, the res-
olution required for each type of data and the timescale of any subsequent monitoring programme
[38]. These uncertainties can have a substantial impact on the cost of a project whilst also possibly
causing delays to the project’s development.

1 The term ‘flora and fauna’ is used in the Environmental Impact Assessment (EIA) Directive (2011/92/EU consolidated version) -
Article 3. The newly amended EIA Directive (2014/52/EU) entered into force on 15 May 2014 and uses the term ‘biodiversity’ as
opposed to flora and fauna.
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