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Tools and Resources for 
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Annex IV Environmental Research 

Webinar Series



De-risking the consenting/permitting 

and operation of MRE development

RADMAPP– supports making choices for suitable MRE development sites

Presented by Duncan Clarke, Head of GIS and Data Management, Aquatera

Limited

IMPACT – identifies potential impacts, provides guidance on how to address 

impacts in consenting/permitting processes

Presented by Ian Hutchison, Director of Operations, Aquatera Limited

Management Measures – document solutions for managing potential effects, 

for consent/permit, and operational plans organized by potential impact

Dr. Andrea Copping, Senior Research Scientist, Pacific Northwest National 

Laboratory



De-risking the consenting/permitting 

and operation of MRE development

Resources and Tools that can assist through the 

consenting/permitting process

Audience:

Developers, regulators, other stakeholders

Purpose and Use:

Not prescriptive, but resources to move process forward, support 

informed discussions



Duncan Clarke

RADMAPP Tool





• Aquatera projects undertaken in 30 countries

• We are actively collaborating in many more

• Team experience in many other places

Thinking locally acting globally 



35 marine energy technologies supported 

Aquatera: a world-leading 

business in sustainable 
development

12 marine array projects 

250 marine energy projects 

Working in  30 countries 

Based in Orkney 

Over 50 staff & associates 

Formed in 2000 

400 sustainable energy projects 

100 onshore wind projects 

Established over  50 island  links

20 strategic energy plans

700+ total projects 



Aquatera

team

Core 
employees

Large group of 
associates that 

support team on a 
project basis

Core delivery 
partners

Full time  and part 
time employees 

covering core 
disciplines 

Associate 
team

Companies that we 
work with on a regular 

basis to enhance 
projects and provide a 

turn key service

Key experts in 
particular fields that 
are used for advise 

and support 

Local delivery 
partners

in South 
East Asia

for 
geospatial 
modelling



Common values

Common values

Site selection tool

Impact tool

Management measures



Need for geospatial analysis

• Picking the right location is key to 
development success

– Growing information about ecological 
sensitivities

– Increasing awareness of cultural and 
heritage issues

– Seas are getting more crowded with 
multiple uses

– Pressures to grow the blue economy

– Need for optimise cost effective solutions



Existing Solutions

• Web-based data viewers

• Consultancy firms



Something’s still missing

• Data viewers don’t provide analysis

• Analysis tools don’t give you spatial data

• Viewers and tools are often location and/or 
sector specific

• There is a lack of transparency over the 
processes and data used

• Limited online availability

• Expensive licensing systems

• Limited updating

• Lack of ability to integrate own data



Need for a tool

• Multiple interested parties
• Lack of integrated data
• Lack of integrated knowledge
• Difficulty visualising issues spatially
• Geospatial issues at regional, site wide and location 

by location issues can determine the viability and 
acceptability of renewable energy projects 

• Need a tool to help screen siting options and 
support development of prospective sites

• Tool needs to front end load decision making, build 
on established knowledge and understanding, allow 
for learning through experience, reduce costs and 
risks, deliver good solutions



Strategic planning tool 

– the RADMAPP approach

• Takes account of technical, 
economic, environmental, 
cultural, social and 
infrastructure issues 

• The distribution of the 
various factors identified in 
the weighting analysis was 
entered into a GIS

• The various scores are 
applied to the areas, line 
and points representing 
the various features

• Maps are prepared 
showing the distribution of 
suitability for the different 
strategic options, project 
locations and/or activities

Landfalls

Switching 

station

Converter 

station

Buried 

cables

Overhead 

lines

Example outputs for grid infrastructure



Key issues to consider in site selection

• Resources

• Technical feasibility

• Planning constraints

• Costs and revenue

• Infrastructure



Energy resources

• Data sources
– Satellite data
– Buoy/ADCP data
– Radar data
– Modelled data

• Resource patterns
– Typical conditions
– Seasonality
– Extreme conditions

• Energy shadows from 
other developers



Technical feasibility

• Water depth

• Foundation/mooring

• Energy attenuation

• Seabed type
– Sediment 

type/depth
– Bedrock
– Morphology

• Current velocity
– Tidal streams



Costs and revenue

Costs
• Technology 

development
• Permitting
• Capital
• Installation
• Operating
• Decommissioning

Revenue

• Selling technology

• Selling know-how

• Selling energy

• Selling or renting out site 
permits

• Sharing costs



Planning constraints

• Shipping

• Fishing

• Seabirds

• Sea mammals

• Seabed 
communities

• Conservation areas



Infrastructure

• Supply chain
– Materials

– People

– Communities

• Manufacture and fabrication

• Assembly and loadout

• Specialist vessels and 
workboats

• Offshore connections
– Subsea cables

– Connection platforms

• Substations or energy 
conversion

• Onward energy transport
– Grid

– Other



Approach to the site selection aspects of 

the tool

Each sensitivity is mapped 

and categorised in relation 

to established objectives

Energy

Technical 

feasibility

Costs and 

revenues

Planning 

constraints

Infrastructure

Devices

Supporting

technology

Associated

operations

Different scenarios can be considered by applying different impact factors 

Sensitivities ActivitiesPossible interactions are 

identified, relevant to 

each sensitivity

For each grid square based upon 

the level of sensitivity and the 

relevant impact vectors 

development potential is 

established



Example scoring for generic tidal and 

wave devices



Strategic planning studies

Areas of work 80s 1990s
2000s 2010s

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16

Sector road-
mapping

Strategic 
assessments

Spatial plans

Resource 
assessments

Technology 
foresight

Community 
development

Supply chain 
capacity 
building

Oil & gas, marine technology 
- strategic plans, spatial plans, 

technology development 
pathways, market 

assessment

Renewables
- strategic plans, spatial 

plans, strategic assessment, 
market assessment

Renewables
- Regional & national 

renewables road mapping, 
resource assessment, 

community development, 
sector capacity building



Example results of site selection



Future possibilities

• Expand methodology to other development 
types

• Use logic to answer of spatially sensitive 
questions

• Develop bolt on tools
• Links to impact tool

• 3D models

• Produce an all round tool that allows full 
control over decision making process



AquaPixel Tool

• Array Placement and Optimisation

• Levelised Cost of Energy Calculations 
(LCOE)

• Time series evaluation of the energy 
resource

• Automated report production



Conclusions

• Provision of a tool that simplifies site 
selection

• Complete suite of information relating to a 
tidal development

• Baseline outputs are robust and transparent
• Allowance of user to tweak elements and 

add their own data
• Ability to link outputs with other spatial 

mapping systems
• Results underpin other tools in the system



Ian Hutchison
Ian.Hutchison@aquatera.co.uk

Duncan Clarke
Duncan.Clarke@aquatera.co.uk

mailto:Ian.Hutchison@aquatera.co.uk
mailto:Duncan.Clarke@aquatera.co.uk


Ian Hutchison

IMPACT Assessment Tool

Potential Impacts of Marine Energy Development on 

Scotland’s Marine Ecological Environment





Project drivers and background

The Scottish Government set a target to cut emissions by 
42 per cent by 2020 whilst recognising the need to ensure 
the protection of Scotland’s important biodiversity. 

Government commissioned project:

- Review of the potential impact of wave and tidal energy  
on Scotland’s marine ecological environment

Aquatera applied its existing logic framework which 
identifies and assesses potential impacts between a wide 
range of activities and environmental sensitivities to bring 
added value to the project and provide a framework upon 
which the IMPACT Tool is based.   



Project aim

• To evaluate the potential impacts of wave 
and tidal renewable energy devices on 
Scotland’s marine and coastal wildlife and 
habitats

• Identify, prioritise and help address the 
potential key issues surrounding the 
development of marine energy



Project Team

• Aquatera 
• Sea Mammal Research Unit (SMRU) Ltd 
• European Marine Energy Centre (EMEC)
• Scottish Association for Marine Science 

(SAMS)
• International Centre for Island Technology, 

Heriot-Watt University (ICIT)
• Aberdeen University
• Environmental Research Institute (ERI)
• Robert Gordon University (RGU)



Key Objectives

• Identify the key technical elements associated with 
marine renewable energy development

• Identify marine species and habitats which are 
potentially vulnerable to the development of 
marine energy in Scotland

• Identify potential key interactions and priority 
marine ecological issues arising from the 
development of marine energy in Scotland

• Provide recommendations for addressing these key 
issues in the consenting process 



Project Steering Group

• Marine Scotland

• Scottish Natural Heritage

• The Crown Estate
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Project outputs

- Comprehensive database of potential 
interactions 

- Assessment of potential interactions and 
an agreed list of ‘key issues’

- Guidance for considering key issues in the 
consenting process

- Online tool to provide direct access to the 
outputs of the study in an easily 
searchable and accessible format
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Project outputs

- Comprehensive database of potential 
interactions 

- Assessment of potential interactions and 
an agreed list of ‘key issues’

- Guidance for considering key issues in the 
consenting process

- Online tool to provide direct access to the 
outputs of the study in an easily 
searchable and accessible format



IMPACT assessment tool

Can be accessed online at:
http://www.gov.scot/Topics/marine/Licensing
/marine/tool

Allows users to:
- Identify the potential key environmental 

impacts associated with wave and tidal 
energy developments

- Access guidelines and recommendations 
for how best to assess, monitor and 
manage these impacts.

http://www.gov.scot/Topics/marine/Licensing/marine/tool
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Using IMPACT
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Using IMPACT
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Using IMPACT
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Using IMPACT
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Using IMPACT



Querying the database



Querying the database
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Outputs
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Outputs
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Summary assessment results
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Summary assessment results



50

Summary assessment results
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Detailed assessment results
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Detailed results
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Assessment and monitoring guidance



Assessment and monitoring guidance

Provides the following for each potential 
impact:

• Preliminary desk based studies 
required

• Baseline characterisation surveys that 
should be undertaken 

• Further desk studies following baseline 
characterisation surveys

• Monitoring measures during 
installation and operation and under 
what circumstances each measure may 
be appropriate
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Overview

The IMPACT Tool can provide the following:

- List of potential impacts relevant to a 
particular type of wave or tidal project 

- Comprehensive overview of the potential 
effects of each impact on a large range of 
species and habitats

- Guidance on how these impacts should 
be addressed during the consenting 
process
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Concluding points

- Demonstration of an impact mapping 
methodology that could be applied to other 
geographies, technologies, project types etc

- Applies a risk-based approach to impact 
assessment which is underpinned by 
evidence and experience  

- Robust and transparent 

- Underlying framework allows new evidence 
and learning to be incorporated, future 
proofing the Tool 



Andrea Copping

Management Measures 



Management Measures Tool 
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Document solutions for managing potential effects

For use in discussions and process for consent/permit

Useful for developer operational plans

Tool is organized by potential impact, also by technology type, 

interaction, etc.



Creating the Management Measures Tool
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Creating the Management Measures Tool
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Scanning through applications and licenses in UK and 

elsewhere for management measures that have been 

used/suggested.



Creating the Management Measures Tool
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Scanning through applications and licenses in UK and 

elsewhere for management measures that have been 

used/suggested.

Consulting with researchers, regulators.



Creating the Management Measures Tool
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Scanning through applications and licenses in UK and 

elsewhere for management measures that have been 

used/suggested.

Consulting with researchers, regulators.

Collated management measures, 



Creating the Management Measures Tool
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Scanning through applications and licenses in UK and 

elsewhere for management measures that have been 

used/suggested.

Consulting with researchers, regulators.

Collated management measures, 

parsed by:

Technology (wave, tidal, or both)

Phase of project (design, installation, operation, decommissioning)

Stressor (collision risk, EMF, acoustics, benthic effects, etc.)

Receptor (marine mammals, fish, birds, habitat)

Management measure

Implications of using measure



Creating the Management Measures Tool
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Creating the Management Measures Tool
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Collision risk workshop (February 2016 in Edinburgh around ICOE)

Invited researchers, regulators, developers, consultants

Plan developed to retire collision risk

Need to collate, analyze, and disseminate management measures in use, 

in licenses, suggested.



Creating the Management Measures Tool
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Collision risk workshop (February 2016 in Edinburgh around ICOE)

Invited researchers, regulators, developers, consultants

Plan developed to retire collision risk

Need to collate, analyze, and disseminate management measures in use, 

in licenses, suggested.

Called for in UK ORJIP Forward Look



Creating the Management Measures Tool
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Collision risk workshop (February 2016 in Edinburgh around ICOE)

Invited researchers, regulators, developers, consultants

Plan developed to retire collision risk

Need to collate, analyze, and disseminate management measures in use, 

in licenses, suggested.

Called for in UK ORJIP Forward Look

Workshop in Glasgow, May 2017 on MM

Draft measures to invited participants ahead of time

Discussed by topic area at workshop

Iterated with workshop participants, others



Creating the Management Measures Tool
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Collision risk workshop (February 2016 in Edinburgh around ICOE)

Invited researchers, regulators, developers, consultants

Plan developed to retire collision risk

Need to collate, analyze, and disseminate management measures in use, 

in licenses, suggested.

Called for in UK ORJIP Forward Look

Workshop in Glasgow, May 2017 on MM

Draft measures to invited participants ahead of time

Discussed by topic area at workshop

Iterated with workshop participants, others

Built online tool



Tethys - https://tethys.pnnl.gov
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Select MM 
Tool



Tethys - https://tethys.pnnl.gov
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Select MM 
Tool



Management Measures Tool
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Management Measures Tool
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Choose: 
-Tidal



Management Measures Tool
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Choose: 
-Tidal
-Collision Risk



Management Measures Tool
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Choose: 
-Tidal
-Collision Risk
-Marine
Mammals



Management Measures Tool
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Choose: 
-Tidal
-Collision Risk
-Marine
Mammals

-Design
Feature



Management Measures Tool
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Filtered results can 
be exported to csv at 
any time.

Outcome



Management Measures Tool
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Choose:             

Wave 

Installation

Loss of 
Seabed 
Habitat 

Effect on 
Benthic 
Communities



Management Measures Tool
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Choose:             

Wave 

O & M

Monitoring

Multiple 
Stressors

Fish



Management Measures Tool – Summary 
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This tool should help manage potential effects

For use in discussions and process for consent/permit

Useful for developer operational plans

Looking for feedback and use of the tool.



Questions & Answers



THANK YOU!

Recordings of presentations will be posted on Tethys at: 

https://tethys.pnnl.gov/environmental-webinars?content=water

Information on previous and upcoming Annex IV webinars

Watch for announcements on Tethys and your email for the next Annex 

IV webinar

For those of you who are not on the webinar mailing list, visit 

https://tethys.pnnl.gov/tethys-blasts/join

Andrea Copping (Andrea.Copping@pnnl.gov)

Simon Geerlofs (Simon.Geerlofs@pnnl.gov)

Mikaela Freeman (Mikaela.Freeman@pnnl.gov)

Jonathan Whiting (Jonathan.Whiting@pnnl.gov)

Amy Woodbury (Amy.Woodbury@pnnl.gov)

https://tethys.pnnl.gov/environmental-webinars?content=water
https://tethys.pnnl.gov/tethys-blasts/join
mailto:Andrea.Copping@pnnl.gov
mailto:Simon.Geerlofs@pnnl.gov
mailto:Mikaela.Freeman@pnnl.gov
mailto:Jonathan.Whiting@pnnl.gov
mailto:Amy.Woodbury@pnnl.gov

