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Purpose  and  Need

MRE  industry  concerns  about  
permitting  processes  being  long,  
drawn  out,  challenging,  and  
expensive

Regulator  concerns  about  level  
of  risk  associated  with  key  
interactions  of  devices  with  
marine  animals,  habitats,  and  
ecosystem  processes

In  response:  OWET/POET  
workshop  held  21  September  
2017  in  Portland  Oregon
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Approach

Goal:  examine  the  most  recent  research  
findings  and  established  open  lines  of  
communication  among  the  regulatory,  
development,  and  research  community  about  
the  environmental  effects  of  MRE  
development

Overviews:  

2016  OES  Annex  IV  State  of  the  Science  report

2016  report  on  the  2015  MHK  Environmental  
Effects  Workshop  in  DC

Dashboard  approach  

Industry/applicant  and  Regulator  panels

Next  steps
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http://tethys.pnnl.gov/publications/state-­of-­the-­science-­2016
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State  of  the  Science  Report  – Annex  IV

State  of  Science  report  summarizes  interactions  and  effects  of  MRE  
devices  on  the  marine  environment,  the  animals  that  live  there,  and  
the  habitats  that  support  them.

State  of  the  Science  is  intended  to:    
Inform  regulators  and  researchers  about  potential  risks  from  tidal  and  
wave  installations;;
Assists  MRE  developers  in  developing  engineering,  siting,  operational  
strategies,  and  monitoring  options  for  projects  that  minimize  encounters  
with  marine  animals  and/or  diminish  the  effects  if  such  encounters  occur.  

State  of  Science  includes  10  chapters,  13  authors,  6  countries
Annex  IV  is  a  collaborative  initiative  of  the  Ocean  Energy  Systems  
(OES),  under  the  International  Energy  Agency  (IEA)  Technology  
Network.
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Chapter  2  – Interactions  around  MRE  Devices  

Focus:
Overall  risk  of  MRE  devices  to  marine  animals  and  habitats  

Highlights:
Scientific  uncertainty  drives  much  of  the  risk  perceived  now;;  more  
data  collection  and  research  can  help  to  reduce  uncertainty.
Most  important  and  potentially  highest  risk  interactions  include:

Collision  of  animals  with  tidal  turbines,  
Underwater  noise  from  MRE  devices  on  animals,  
EMF  from  cables  and  devices.

Generally  little  impact  expected  from  single  devices,  larger  arrays  will  
require  more  investigation.





Chapter  3  – Collision  with  Tidal  Turbines

Focus:
Risk  to  animals  from  collision  with  the  blades  of  a  tidal  turbine  

Highlights:
Animals  considered  to  be  at  potential  risk  include  marine  mammals,  
fish,  and  diving  seabirds.
No  observations  have  ever  been  made  of  a  marine  mammal  collision  
with  a  device,  significant  collisions  by  fish.
Technologies  to  observe  collision  are  not  well  developed  and  difficult  
to  operate  in  high-­energy  environments.
Important  to  quantitatively  estimate  number  of  animals  potentially  in  
area  of  turbines,  and  to  understand  their  capability  to  sense  and  
evade  devices.
Collisions  with  tidal  turbines  are  examined  for  individual  animals;;  
results  must  be  put  in  context  of  risk  to  populations.  





Chapter  4  – Underwater  Noise

Focus:
Potential  effects  of  underwater  noise  on  marine  animals  from  wave  
and  tidal  devices.

Highlights:
Marine  animals  use  underwater  sound  as  terrestrial  animals  use  light  
to  see,  especially  for  navigation  and  communication.
Sound  from  MRE  devices  may  add  to  other  anthropogenic  sounds  
and  could  disturb  animals,  especially  marine  mammals  and  fish.
Noise  from  single  turbines  and  WECs  are  being  measured,  and  
predictions  can  be  made  about  what  arrays  may  sound  like  to  marine  
animals.
Excess  underwater  noise  could  cause  physical  harm  including  loss  of  
hearing  ability,  physical  harm  to  tissues,  and/or  behavioral  changes.
Additional  data  are  needed  to  understand  how  sounds  may  affect  
animals.





Chapter  5  – Changes  in  Physical  Systems

Focus:
Effects  on  ocean  waters  of  MRE  development.

Highlights:
Placement  of  MRE  devices  in  the  oceans  can  change  circulation  and  
remove  energy  from  the  system,  as  well  as  potentially  change  
patterns  of  sediment  movement.
The  amount  of  change  that  will  occur  from  single  devices  or  small  
arrays  is  likely  to  be  immeasurably  small.
Numerical  models  suggest  that  changes  may  be  measureable  only  
with  the  operation  of  very  large  arrays that  are  probably  too  large  to  
be  realistically  considered  for  most  waterbodies.





Chapter  6    – Electromagnetic  Fields

Focus:
Effects  of  EMF  on  Marine  Animals  from  Electrical  Cables  and  Devices

Highlights:
Additions  of  EMFs  from  power  export  cables  and  energized  parts  of  
devices  can  add  to  naturally-­occurring  magnetic  fields,  and  have  the  
potential  to  disturb  certain  marine  animals.
Some  animals  including  some  elasmobranchs and  invertebrates,  are  
known  to  be  electro-­ or  magneto-­sensitive  and  could  be  disturbed  by  
EMFs  from  MRE  devices.
Power  cables  will  generally  be  buried  and  effectively  shield  the  
environment  from  EMF.
Most  studies  to  date  have  focused  on  behavioral  responses  of  animals  
to  EMF.
Lab  and  field  studies  have  shown  no  evidence  that  EMFs,  at  the  levels  
expected  from  MRE  devices,  will  have  an  effect  on  any  species.





Chapter  7    – Changes  in  Habitats

Focus:  
Changes  in  benthic  habitats  and  reefing  of  fish,  due  to  MRE  devices.

Highlights:
MRE  devices  can  change  the  bottom  habitats  by  disturbing  sediments  
under  their  foundations,  as  well  as  around  anchors  and  mooring  lines.
Devices  will  attract  fish  and  invertebrates,  that  will  remain  around  the  
parts  of  the  devices  and  systems.
No  evidence  collected  to  date  shows  that  significant  negative  effects  
will  occur  to  benthic  areas  around  MRE  developments,  or  that  marine  
animals  reefing  around  devices  will  harm  fish  populations.  





Chapter  8    – Marine  Spatial  Planning

Focus:  
Marine  Spatial  Planning  (MSP)  and  the  role  of  MRE  development.

Highlights:
MSP  involves  planning  and  managing  sea  uses  and  users  to  support  
sustainable  development  of  marine  areas.
Annex  IV  representatives  were  surveyed  about  use  of  MSP  in  their  
nations.
Several  nations  have  formal  MSP  processes,  others  have  coastal  
management  plans  that  embody  principles  of  MSP,  and  several  have  
no  MSP  in  place.  
MSP  must  use  a  stable  and  transparent  planning  system  for  maritime  
activities  and  users  within  agreed  environmental  limits,  working  
across  multiple  sectors,  including  the  MRE  industry.





Chapter  9    – Consenting  Case  Studies

Focus:  
Examined  four  consented  projects  to  learn  lessons  to  help  MRE  
development.

Highlights:
Consenting  processes  were  reviewed:

WaveRoller wave  technology,  installed  in  Portugal;;  
TidGen®  Power  System  tidal  technology,  installed  in  the  United  States;;  
SeaGen tidal  technology  installed  in  Northern  Ireland;;  and  
BIMEP  (Biscay  Marine  Energy  Platform),  a  designated  wave  test  site  in  
the  Basque  country,  Spain.  

Project  success  is  supported  by:  
Carrying  out  strong  stakeholder  outreach  throughout  the  process.
Developing  robust  monitoring  plans,  adaptive  management  strategies,  
and  a  sound  Environmental  Impact  Assessments.

At  present,  there  are  no  dedicated  policies  that  streamline  
development  of  wave  and  tidal  projects.





Chapter  10    – Path  Forward

Focus:  
Summary  of  document  and  a  path  forward  for  the  industry  in  the  face  
of  scientific  uncertainty.

Highlights:
Interactions  with  MRE  devices  are  perceived  to  be  risky  largely  due  to  
uncertainty.
Additional  information  will  help  to  retire  insignificant  risks,  while  other  
risks  may  be  determined  to  need  mitigation.  Monitoring  requirements  
will  be  reduced  as  we  learn  more.
There  are  no  methods  for  monitoring  certain  interactions  now;;  these  
require  strategic  research  investments  to  proceed.



MHK  Regulators  Workshop

Experts  in  MHK  fields  discussed  
the  current  state  of  scientific  
understanding  of  observed  (or  
unobserved)  impacts  from  MHK  
devices  world-­wide.
A  forum  for  key  MHK  
stakeholders  to  present  and  
discuss  evolving  “best  practices”  
for  measurement  and  monitoring  
of  key  potential  impacts,  and  for  
regulators  to  share  their  
perspective.
To  provide  knowledge  sharing  
opportunities  for  Federal  and  
State  representatives.
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MHK  regulators  workshop  DC

“Known  Known:  issues  are  
understood  well,  no  further  
monitoring  is  warranted.

“Known  Unknowns”:  issues  
that  we  have  knowledge  and  
technology  to  study  but  for  
which  the  impact  and  cost  of  
a  study  are  uncertain.  

“Unknown  Unknowns”:  areas  
not  widely  assessed,  and  may  
not  be  necessary  to  study  the  
issue  to  make  it  known.  Does  
technology  exists  to  study  it  
effectively?  Do  we  need  to  
know  it?
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MHK  regulators  workshop  DC  topics

Acoustic  output  impacts  (Chris  Bassett,  UW/WHOI)

EMF  emissions  (Andrew  Gill,  Cranfield University)

Physical  interactions    (Jocelyn  Brown-­Saracino,  DOE)

Environmental  effects  of  MHK  energy  development  on  the  
physical  environment  (Jesse  Roberts  SNL,  Craig  Jones  
Integral)
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MHK  Regulator  Workshop  DC:  Sound
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MHK  Regulator  Workshop  DC:  EMF
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MHK  Regulator  Workshop  DC:  Interaction
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MHK  Regulator  Workshop  DC:  Physical
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MHK  Regulator  Workshop  DC:  Physical
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MHK  Regulator  Workshop  DC:  Conclusions

33

Collaborative  interchange  of  project  permitting  and  research

Umbrella  collaborative  or  organization  to  serve  as  a  central  
clearinghouse  for  global  research  and  monitoring  needs  within  
the  MHK  industry

Because  natural  variability  in  marine  environments  is  high  and  
events/interactions  of  concern  are  likely  to  be  rare,  the  ability  
to  detect  effects  using  traditional  monitoring  tools  is  very  low

There  is  a  role  for  modeling  and  simulation  to  address  
uncertainties



Delineating  and  Dealing  with  Risk

Few  wave  and  tidal  devices  in  the  water,  no  
long-­term  post-­installation  data  sets

Perceived  and  potential  risks  continue  to  worry  
regulators,  stakeholders

Continued  regulatory  requirements  for  extensive  
data  collection

Financial  burden  on  developers,  projects

Not  clear  if  data  collection  efforts  aimed  at  most  
important/highest  risk  interactions  

Need  to  delineate  and  track  changes  in  
perception  of  these  risks  to  move  industry  
forward
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Perceived  Risks  of  MRE  Development

May  17,  2017 35

1. Collision  risk:  tidal,  current,  offshore  wind

2. Underwater  noise  

3. Electromagnetic  fields  (EMFs)

4. Physical  changes/energy  removal

5. Changes  in  habitats/artificial  reefs  

6. Entanglement  (ecological  risk,  fishing  gear)



A  Strategy  for  Understanding  Risk  -­
Dashboards

36

Purpose  and  use  of  the  dashboards:
Allow  MRE  community  to  gage  the  level  of  uncertainty  and  risk  about  key  
interactions
Reflect  results  of  ongoing  investigations
Can  be  updated  as  new  info  becomes  available
Can  be  shared  to  gain  common  understanding

Actions  that  could  decrease  level  of  risk,  change  dashboards:
Increased  sharing  of  existing  information,
Improved  modeling  of  interactions,
Monitoring  data  needed  to  verify  findings,  and
New  research  needed.



Collision  Risk

Marine  mammals,  fish,  seabirds  of  concern  – high  stakes
Tidal  and  river  turbines
Lacking  instruments  to  observe  collisions,  little  evidence  of  collision
Models  are  lacking  but  improving,  little  link  to  populations
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Acoustic  Output  (Noise)

Noise  from  MRE  devices  may  interrupt  navigation,  communication
Additive  with  other  anthropogenic  sources
Can  measure  noise  from  single  devices,  model  for  arrays
Reactions  of  animals  to  noise  from  devices  unknown
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Electromagnetic  Fields

EMF  from  cables,  energized  devices,  add  to  natural  fields
Electro-­ and  magneto-­sensitive  animals:  elasmobranchs,  invertebrates
Power  cables  can  be  buried
Lab/field  results  indicate  levels  are  unlikely  to  be  harmful
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Changes  in  Physical  Systems

Placement  and  operation  can  change  flows,  remove  energy,  disrupt  
sediment  transport
Very  small  effects  until  large  arrays,  maybe
Numerical  models  help  us  here
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Changes  in  Habitats/Artificial  Reef  Effect

Devices  can  change  bottom  habitat,  around  mooring  lines,  anchors
Fish  and  other  animals  congregate  around  objects  in  ocean
No  mechanism  of  harm  seen,  could  provide  some  beneficial  habitat
Potential  interaction  of  concern  with  fisheries
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Entanglement  and  Debris

Mooring  line  entanglement  of  marine  mammals,  sea  turtles
Also  hanging  up  lost  fishing  gear

Ecological  Effects  of  Entanglement

Entanglement  of  Fishing  Gear 42
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Collision  and  Avoidance:  Offshore  Wind

Seabird  and  bat  collision  with  moving  and  stationary  structures
Avoidance  of  projects  in  migration  pathways
Improvements  to  instrumentation  for  monitoring
Models  being  adapted  from  terrestrial  applications
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Regulators  Panel

44

Need  for  standardizing  data  collection  methods  to  help  streamline  
regulatory  evaluations (improving)
Need  for  studies  that  will  inform  MRE  technology  development  and  allow  
devices  to  be  engineered  to  lessen  their  potential  effects  on  the  
environment  (e.g.,  EMF  and  acoustics).  
Real-­time  monitoring  appropriate  for  understanding  the  interaction  of  
devices  with  the  environment,  and  could  be  useful  for  developing  
appropriate  mitigation  measures.



Applicants  Panel
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Need  to  be  able  to  address  and  understand  how  much  uncertainty  
around  potential  interactions  with  devices  is  allowable.

Need  to  address  how  to  handle  uncertainty,  as  well  as  the  acceptability  
of  transferring  environmental  monitoring  data  sets  from  other  locations  
and/or  other  industries.

Inconsistent  application  of  laws  and  regulations  in  different  regions.



Discussion

46

Dial  settings  on  the  dashboards  are  a  good  
indication  of  the  level  of  investment  needed  
for  each  topic,  as  well  as  the  level  of  risk  
associated  with  each  topic.

Collision  risk  continues  to  be  the  most  
difficult  issue  for  tidal  energy.

Acoustic  impacts  will  require  better  
information  on  behavioral  response.

Greatest  concerns  for  wave  energy  
development  are  noise  and  entanglement.

EMF  understanding  has  improved  greatly,  
and  may  be  one  that  can  be  retired.



Path  Forward  with  Dashboards

Moving  forward:
Input  on  dashboards
Process  for  reviewing,  updating
Regional  focus/transferability
As  we  reduce  risk,  what  problematic  issues  remain  that  effect  permitting?
Standardization?
Learning  from  other  industries
Availability  of  datasets

Let’s  talk!  Looking  for  discussions,  input,  disagreements,  new  
paradigms  for  visualization,  quantification

Follow  up  workshop  in  September  2017  at  OWET/POET
Continued  dialog  from  regulators,  project  applicants
Updates  on  major  new  information
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