
Offshore substations, located on platforms at sea, collect and stabilize the electricity generated by wind turbines

before transmitting it to the onshore grid. For offshore wind farms situated more than 30 miles from shore,

additional infrastructure is needed to reduce power losses, as alternating current (AC) becomes less efficient over

long distances. High-voltage direct current (HVDC) transmission systems address this challenge by converting AC

to direct current (DC), which travels more efficiently across long distances. Once the electricity reaches land, it is

converted back to AC for consumer use. Since the AC-to-DC conversion process generates significant heat, HVDC

systems require cooling to operate effectively.

Offshore Wind Energy
Cooling Systems
Offshore wind energy substations collect
electricity and boost the voltage from
offshore wind areas to responsibly deliver
clean power to the onshore energy grid. 
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The most effective, commercially mature, and widely

used way to cool large HVDC systems is open loop

cooling. This process draws sea water from the ocean,

filters it, then pumps it through the engine's cooling

passages to absorb heat from the hot engine

components. This allows continual operation of the HVDC

converter without it overheating. The filtered, heated sea

water is then discharged back into the sea. This process is

done safely by implementing mitigation measures. Open

loop systems are standard and used for cooling many

types of power generation, including renewables, coal,

natural gas, thermoelectric, and nuclear.

Although many different energy production facilities use open loop cooling, the scale of these systems varies significantly. For
example, one offshore wind energy project’s design intake flow is 8.1 million gallons per day, with a capacity of 1034
megawatts of electricity. In stark contrast, in the same region as this project, natural gas open loop cooling systems have a
daily intake ranging from 700 million gallons per day to 2500 million gallons per day, with capacity ranging from 750 to 2150
megawatts. For example, the natural gas project with a daily intake flow of  700 million gallons per day  generates only 800
megawatts of electricity.



A. Intake mitigation strategies focus on minimizing impacts by
strategically placing intake pipes and using engineered structures
to reduce entrainment and impingement of marine life. The
location of intake and output should be sited away from sensitive
areas, and in areas of high sea water mixing. Output pipes should
be located in deeper waters to reduce impacts on shallow coastal
ecosystems.

Transporting energy back to land and to the communities that will use the electricity is an integral part of offshore wind
energy development. This process requires cooling systems, such as open loop cooling, which presents the following
potential impacts: 

Heat pollution occurs when the heated water is discharged from the HVDC system. This may result in habitat
alternation, disruption to species behavioral patterns, displacement of species, impact to larvae, and reduction of
dissolved oxygen. However, returned seawater equalizes to ambient ocean temperature in a few feet. Continual
releases over longer periods of time may result in a negative impact to the ecosystem. 
Chemical pollution may arise when potential releases of metals, organic chemicals, and particulates into the sea occur.
Entrainment, where organisms are drawn into the system’s intake, may occur. The intake pipes may suck in marine
organisms, including eggs, larvae, and small fish. The risk for entrainment is highest for smaller organisms, like plankton
and larvae which have limited swimming capabilities.
Impingement, when organisms are drawn into the intake systems and become trapped or pinned against screens, may
occur. 
Seafloor disturbance from substation footprint will occur. There can be both positive and negative changes to the
seafloor from introducing new infrastructure. 

C. Siting of substations should prioritize avoidance of sensitive areas such as coral habitats, breeding grounds,  migration
routes, and areas of high biodiversity. The site selection should be informed by detailed site assessment and site
characterization data on ocean conditions and seabed characteristics. Finally, substations should be located to avoid
construction or monitoring and maintenance traffic through sensitive areas, particularly where complex benthic habitat is
present. 

Example, one project off the east coast incorporated a micro-siting plan for their converter stations and cables to avoid
and minimize impacts to sensitive benthic habitats. 

Closed loop cooling systems use air instead of water to cool the engine components, generally by a large bank of electric
powered fans. Unfortunately, the corrosive nature of the offshore location requires HVDC equipment be enclosed, which limits
air cooling capabilities. Thus, these systems are not commercially available at this time. Advancements in this technology for
offshore wind energy are in progress. Closed loop cooling systems are the goal to minimize disturbance to sea water and ocean
ecosystems. 

B. Impingement and entrainment can be mitigated by using
technologies to reduce intake velocities, improve screen designs,
and alternative cooling methods to prevent harm to marine life.
Frequent monitoring of screens is critical. 

To minimize environmental impacts, mitigation measures are
implemented.
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