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3 main types:

1. Wind

2. Tidal

3. Wave

Sources:
1. Subsea World News
2. Siemens plc
3. European Marine Energy Centre
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Source: Siemens https://www.youtube.com/watch?v=zUQifpcGTrg 















Problems with EMF research 

• Lack of understanding surrounding if/how organisms detect EMF

• Dynamic conditions – AC/DC, cable size + length, number of devices, weather conditions, cable 
configurations

• Lack of productive collaborations between researchers and energy companies

• Difficult to recreate EMF of same shape, size and strength as predicted in the field 

• No ACOP

• Funding – invisible stressor

• Cost

Source: Veichi Electric



• Normandeau et al. 2011 – 0.18mT (DC) and 0.26mT (AC) 

• Bochert and Zettler 2006 – 3.2mT (DC) 

• Moray Offshore Renewables Limited – 0.14mT (DC)

• Britned HVDC Interconnector – 0.49mT (DC)

• Cada et al. 2011 – 1.60mT (AC), 6.66mT (DC), 8.02mT (AC) 

Values used in research:

• Cada et al. 2012 - 36mT (DC) and 165mT (AC)
• Woodruff et al. 2012 – 3mT
• Formicki et al. 2004 – 4.2mT
• Bochert and Zettler 2004 – 3.7mT

The Earth’s magnetic field is 

~0.03 mT

Source: NASA Earth Observatory

MRI – 1.5 – 7 Tesla



Generation of EMF
Helmholtz coil
Uniform field

Solenoid magnets
Non-uniform field



EMF: ecological importance and 
assessment parameters

• Use of Earth’s geomagnetic field is widespread 
amongst marine fauna

• Artificial EMF (e.g. MRED cables) may interfere with 
organism’s ability to detect and use geomagnetic field

• Assessment parameters for effects of EMF vary across 
taxa, but largely split into 3x areas:

Sensory
Orientation/navigation
Hormone/pheromone 
detection
Antennular flicking

Behavioural
Shelter preference
Swimming/locomotor 
activity
Feeding/foraging
Larval fitness
Burrowing
Attraction/avoidance
Anti-predation

Physiological
Blood/haemolymph 
parameters
DNA damage/expression
Embryological/ 
developmental 
parameters
Growth rate



Effects of EMF on adult edible crab (Cancer pagurus) and European 
lobster (Homarus gammarus)

Cancer pagurus Homarus gammarus
PHYSIOLOGY

- D-Glucose*

- L-Lactate*

- Haemocyanin

- Total Haemocyte Count

BEHAVIOUR

- Activity level

- Attraction/Avoidance

- Shelter preference

Attraction to EMF sources coupled with associated behavioural and physiological changes may have longer-
term ramifications for populations health



Effects of multiple EMF strengths on adult edible crabs (C. pagurus)

250 μT 500 μT
PHYSIOLOGY

- D-Glucose

- L-Lactate

- Total Haemocyte Count

BEHAVIOUR

- Activity level

- Attraction/Avoidance

- Shelter preference

1000 μT

Species-level influences may be EMF field strength-dependent



Effects of EMF on egg development and larval locomotory ability of the 
edible crab (Cancer pagurus) and the European lobster (Homarus gammarus)

C. pagurus H. gammarusPARAMETER

- Development time

- Carapace length

- Survival rate

- Deformities

- Swimming fitness

• Early stage = potential population bottleneck

• 2x methods: berried hens in EMF and control; egg 
batches separated from mother and split across both 
treatments. Strength = 2.8 mT

EMF sensitivity may vary at a species and life-stage level – knowledge is needed to underpin cable placement 
(geographic locations – permanent, temporal)





ElasmoPower: Investigating the effects of Electromagnetic Fields on elasmobranchs
Annemiek Hermans1, Kevin Scott2, Corentine Rochas2

, Petra Harsanyi2, Erwin Winter1, Tinka Murk1

1Wageningen University, NL  2St Abbs Marine Station, UK

• 15m experimental tank, allowing animals to display natural
behaviour

• Custom built generator to create artificial AC and DC
electromagnetic field in a designated area of the tank,

• Replication of measured EMF values around live cables from
offshore windfarms in the Netherlands

• Array of cameras fixed over the tank, recording behaviour for
the duration of the experimental trials

|  Experimental set-up

Model of the experimental tank (Peet Hovenkamp) and display of the 16 cameras

Example of a stitched video of the full tank

• 15m experimental tank, allowing animals to display natural
behaviour

• Custom built generator to create artificial alternating or direct
current (AC or DC) electromagnetic field in a designated area of
the tank, allowing the development of an EMF gradient

• Replication of measured EMF values around live cables from
offshore windfarms in the Netherlands

• Array of cameras fixed over the tank, recording behaviour for
the duration of the experimental trials

|  Experimental set-up



Outlook 

• Clear need for more research on the impacts of EMF on marine species

• More data on accurate in-situ EMF levels – easily accessible

• Collaborative or ‘standard’ approach to future EMF research

• Easier access to deployments sites for research, sensors, etc.

• More importance to the potential impacts of EMF comes with more robust research

• More focused approach on key species
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