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Government targets

Develop “Renewable Energy” sources

40% electricity from non-hydrocarbons by 2020. 

: 
Cut carbon dioxide emissions by 20% from 1990 
levels by 2020. 

SNP ? to 50%

Scotland: 

European Commission



Solar power

Onshore wind

Geothermal 
Hydropower 

Terrestrial biofuels





What technologies are out there?



1. Offshore wind

2. Wave

3. Tidal-stream

4. Marine biofuels

5. Tidal-barrage

6. Osmotic potential

7. Micoralgae etc etc

What technologies are out there?

Muc Mhara
relevant



1. Offshore wind









EG: “Limpet” - Islay

Pelamis Wave Power 

Wave Dragon

2. Wave



Tidal Generation Ltd

3. Tidal-stream 



HAMMERFEST STRØM AS

Openhydro

MCT Ltd

Lunar Energy

Kinetic Energy Systems

Verdant Power

TidEL

TidEL

Statkraft

UW electric kite Blue Energy

Rochester Venturi

Blue Energy



Blue Energy The Davis Hydro Turbine 

OpenHydro



4. Biofuels from algae: macro (sea weed)



1. Marine biomass circumvents 
terrestrial crops vs fuel issue

2. Kelp fastest growing plant

3. No lignin or cellulose - digestion easier 

4. Scotland / Ireland an excellent place 
to grow it





China grows 9 million tons L. japonica grown annually

BioMara: 5M € research project – Scotland & N. Ireland



So what’s the concern
for Porpoises?



Physical structures in common

1. Offshore wind

2. Marine biofuels

3. Wave

4. Tidal-stream

Attached to sea bed
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Structures in common

1. Offshore wind

2. Marine biofuels

3. Wave

4. Tidal-stream

Attached to sea bed
All large / physical presence

Require servicing
Moving parts



Typical cetacean issues

• Entanglement 

• Habitat alteration

• Noise  

• Contaminants

• Collisions
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Equivalent to open-savanna
lion forced to chase prey 

in forest

Problem for Dusky & bottlenose 
dolphins what about 
“neophobic” porpoises?

Würsig & Gailey 2002
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Danish porpoises
Scorby Sands fish

UK - 7000 by 2020
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SwanTurbines



Chris Johnson

Fernando Felix



12-20 m

12 m.s-1

Flow

Tidal Generation Ltd



Encounter rates

Model predicts: 
Number times porpoises & turbine 
blades share same point in space 
& time. 

I.E. Opportunities for collisions to occur



Volume water swept by turbines
Water depth 50 m
Rotation 10 rpm
n = 100 
16 m Ø
Max flow 3.5 m.s-1

Porpoise density, size, swim speed 
Randomly distributed
Moving @ 2 m.s-1

Density 0.394 km-2 (SCANS-II block N)
Mean body length 1.4 m

Modified for 3-D     (Gerritsen & Strickler 1977; Bailey & Batty 1983)

Standard predator-prey encounter model

Model assumes no responsive movement



Potential encounter rates

3.6 – 10.7 % porpoise “population”

Very responsive ------------------ Oblivious ---------------------- Attracted

2% herring population 

13 porpoise encounters / turbine

In a year,
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What artist shows

What porpoise sees

Opportunities to perceive - visual
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Turbine noise

Flow

Frequencies 0.3 -10 KHz

Opportunities to perceive - acoustic
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Killer whales
Bottlenose dolphins

Harbor seals
Harbor porpoises

Ambient 
noise

124-190 
dB re 1uPa
@1m

61-142 dB 

Detection distance (m)





Acoustic Monitoring - Orkney

SAMS developed for EMEC 
drifting hydrophones to measure 
sound in flows up to 6 Knots

Falls of Warness - Orkney



Example sound maps produced by the “Drifting Ears” technique

Acoustic warning devices – LOUD!



Summary

1. Renewable energy industries poised move into porpoise habitat

2. Limited threat information - existing industries give cause for concern

3. Potential threats diverse but collisions with turbines an obvious issue 

4. Marine mammal - turbine encounters could be common

5. +ve outcome of “encounters” behaviour dependant    



Remarks

1. Many good reasons to encourage marine renewables

2. Major competition for successful designs
Output, reliability, cost

3. Race for £$€¥ - design first, address environmental concerns 
after 

4. To avoid future conflict, the sooner we get involved the better

Lunar Energy

, animal safe



Thank you for your attention

Funding provided by: 



La Rance Tidal Barrage 

3. Tidal-barrage



Barrage locations considered. 
Black = lines of most interest. 

Tidal power generation
Transport links
Flood protection
Harbour creation
Not a terrorist target!

5% Britain’s power needs

20x size of La Rance

18 Billion Euros

Severn estuary / Bristol Channel Barrage
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