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Current Offshore Wind
Worldwide windfarms are now under construction in the GW range 
and located increasing distances from shore. This requires:

•Offshore substations and platforms
•HVAC 3 core cable (100 – 245kV)
•HVDC solutions where AC is technically limited or too expensive

DC Offshore Grids

Control of DC Grids

Senergy Alternative Energy has been engaged in a project 
looking at the feasibility of an offshore grid in Northern 
Europe where there is around 130GW of planned offshore 
wind and requirement for interconnection between 
countries. The initial step in developing the offshore grid 
was to look for clusters of windfarms that are geographically 
close together and may benefit from sharing a higher 
capacity single connection, as opposed to several smaller 
connections to shore. This approach found a potential 
reduction in cost of some €15bn by 2030 by grouping 
projects into hubs.

Small scale offshore windfarms located relatively close to the 
shore can be directly connected to the onshore network via AC 
subsea cables without any HVDC infrastructure. This is the most 
cost effective solution and has been used on many windfarms 
worldwide.

HVDC is usually considered for connection of offshore windfarms 
when AC solutions become technically less attractive or more 
expensive due to the distance from shore. AC cables draw 
charging currents which reduces the real current carrying 
capability of the cable. This is usually offset by using shunt 
reactors positioned along the cable or offshore at either end of
the cable. HVDC cables do not draw charging current and can 
be used over much greater distances.

Senergy is one of the world’s fastest-growing energy services companies with over 500 employees working across both the oil and gas and renewables sectors. In 2008 Senergy Alternative Energy (SAE) was established to build an ambitious technical and project consulting business with primary activities in Power Transmission and Distribution, 
Carbon Capture and Storage, Coalbed Methane, Geothermal and Wind Power (onshore and offshore). In 2010 Senergy acquired SGC in the United States to build presence within the North American market. SGC provide high voltage design, interface support, and grid connectivity for independent power producers, large manufacturing facilities, 
and electrical utilities.  The team has extensive experience in connecting utility scale wind, hydro-electric and gas generation to the grid. 
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OffshoreGrid, reduction in costs of connecting projects 
per country in hubs as opposed to radial connections

In addition to the cost benefits a significant reduction in 
infrastructure required was found by forming offshore hubs:

•HVDC cable reductions of 17,500 miles
•HVDC VSC converter numbers reduced by 130
•Offshore platforms reduced by 60

The formation of offshore DC hubs was forerunner to designing 
an offshore DC grid, however it was then necessary to decide 
where to build interconnectors for power trade. Interconnectors 
may be beneficial due to differences in the cost of wholesale 
energy or to alleviate onshore network constraints where it is 
difficult to build onshore infrastructure.
For the OffshoreGrid project Senergy used a power market 
model developed by SINTEF. The model included a load flow 
model for the entire Northern Europe and was able to determine 
energy prices across all of the countries. Using this Senergy was 
able to determine where to place interconnectors and capacity 
based on:

•Capital cost of interconnector
•Energy price differences

When there is a clear need for an interconnector to send power 
to a particular network, there is usually lower benefit using a 
hub to hub solution compared to a direct line solution, due to 
the constraint on power exchange. As can be seen from the 
above figure, the energy prices in country B are higher than 
country A so it is beneficial for the offshore wind generator to
sell power to country B. This could introduce a constraint on 
the cable to country B unless it is has an increased rating. 
These constraints could also be eased if a direct 
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• Full potential of offshore wind is limited by the 
limited points of connection.

• 1200 MW is the maximum connection to the 
ISO New England grid to maintain reliability.

• By using HVDC, seven connection points are 
feasible for a total of 8.4 GW.

• A dual offshore transmission backbone 
provides redundancy and reliability.

• HVDC conversion stations provide hubs for 
multiple developer to connect.

• An offshore transmission backbone provides 
alternative to onshore supply for Cape Cod 
and the Island, increasing reliability.

• Separate HVDC offshore backbone reduces 
risk for offshore developers, ensuring reliable 
redundant connection to markets. 

• Proposed elimination of the eastern end of the 
MA RFI area from wind farm development, to 
protect the Nantucket Lightship Habitat, 
eliminates 3 GW shown.  Unused capacity in 
the eastern end, is available in order to 
achieve full connection capability.

• The proposed Southern Massachusetts HVDC 
offshore transmission backbone facilitates 
interconnection with other eastern seaboard 
HVDC transmission solution, ultimately to 
provide the east coast of the US with 
redundancy. 

www.senergyworld.com

Offshore wind is evolving worldwide from sub 100MW 
sites with radial connections to shore to large scale multi 
GW offshore projects. This facilitates the need for 
offshore grids to deliver power efficiently and cost 
effectively to demand centres. The scale of offshore 
wind farms is being accelerated by the development of 
larger wind turbines, knowledge gained from smaller 
projects and increased demand for energy from 
renewable sources.  Senergy Alternative Energy and 
SGC Engineering are specialist electrical engineering 
companies and have been involved in the design and 
construction of offshore wind farms worldwide, including 
projects in the USA, Europe and Asia.

Senergy Alternative Energy has recently undertaken a 
study into the design of an interconnected offshore grid 
throughout Northern Europe. This poster presents the 
evolution of offshore wind and some of the key results 
and findings from the OffshoreGrid study. The purpose 
of the study was to establish a cost effective method of 
connecting 130GW of offshore wind and provide 
interconnection between European countries to trade 
power. The same principles and findings can be applied 
to the US western and eastern seaboards where a 
significant amount of offshore wind is planned and 
reinforcement of the onshore network is required.

Introduction

Trans-Elect BOEMRE – MA Offshore Transmission System

The return on investment was then calculated over 25 years 
using:

• Average utilisation of interconnector of 60%
• Interconnector receiving 60 – 100% of energy price differences 

during long and short term auctions

It is also necessary to study whether the interconnectors 
should be built as direct unconstrained interconnectors or be 
built as hub to hub connections. If a generator is connected to 
the interconnector it may be constrained because not all of the 
interconnector capacity can be used for power trade due to 
carrying the power generated by the windfarm. However there 
hub to hub interconnectors are usually lower capital cost due to
reduced length and the need for less converter stations.

Offshore grids can be used to connect 
offshore wind farms to the onshore 
transmission system. Relatively small wind 
farms close to shore can be connected 
economically using AC radial connections. 
HVDC hubs can be established if there is 
sufficient offshore wind is located far enough 
from shore that using individual radial 
connections is no longer economic or 
technically unfeasible. As the size of wind 
farms increase it may become necessary to 
develop an appropriately dimensioned 
offshore grid to deliver the power to areas of 
high demand. Offshore grids can also be built 
to act as onshore network reinforcement to 
avoid building onshore assets in heavily 
populated areas. 

Conclusion

EU OffshoreGrid, techno economic study on connection of 130GW of offshore wind in 
Northern Europe and 35GW of interconnection between neighbouring European 
countries. This project was undertaken by a European consortium on behalf of the EU 
commission. Further information is available at www.offshoregrid.eu.
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Schematic explanation of the reduction of benefits with hub-to-hub 
interconnectors (right) compared to direct (left), for trade from 
country A to B. The red line shows where the system constraints 
are increased.

interconnector was 
used (left in figure), 
however this is a 
more expensive 
solution.

This may be achieved by:
•Segregating the HVDC grid using isolators so 
they run as independent sections, which may be 
reconfigured offline.
•Using HVDC circuit breakers (yet to be released 
commercially) to operate the network as a whole.

The vast majority of HVDC links built today consist 
of two HVDC converter stations configured either 
as back to back converters to couple 
asynchronous AC grids; or connected via DC 
subsea cable to form interconnectors between 
different counties. HVDC converter stations are 
able to control the power flow precisely which is a 
benefit in an HVDC grid because the power flow 
can be delivered where demanded and not where 
it would naturally flow as a result of network 
impedances.
HVDC grids must be configured so that they 
interface with existing onshore AC networks and 
onshore network operating codes and regulations. 
A fundamental criteria for any transmission 
network is to balance the demand  and generation 
so consumers receive a continuous and reliable 
power supply. Networks hold reserve power to 
cater for losses of generators or sections of 
network up to a certain in feed loss limit. HVDC 
grids must be configured so that the resulting in-
feed loss to an AC system is never higher than the 
amount of power held in reserve. 

The circuits within a DC grid must be sized appropriately:

• To deliver all offshore wind power to demand centers

• Reduce any potential constraints on desired power flow

• Ensure high utilization of all assets

• Comply with onshore network security criteria and generation reserve levels

• Reinforce onshore network where necessary

The OffshoreGrid study found hubs are generally cost effective 
when projects are:

•Over 30 miles from shore

•Projects are within 15 miles of a central hub site

•Total capacity of offshore wind farms is less than maximum size 
of commercially available HVDC VSC converter and cables*

*1200MW at 320kV, and 2000MW at 500kV (500kV available in 
future)

Example one line of 1000MW HVDC grid connection using 1000MW 
HVDC VSC platform and two 220/33kV AC windfarm platforms

Study into connection options for Triton Knoll offshore windfarm, UK

Capacity: 1200MW
Distance from shore: 25 miles
Grid Connection: 4 x 220kV 
3 core AC subsea cables
Point of connection: 400kV

North Hoyle offshore windfarm, first offshore windfarm built in UK.

Capacity: 60MW (30 x Vestas 
2MW)
Distance from shore: 4.7 miles
Grid Connection: 2 x 33kV
3 core AC subsea cables
Point of connection: 33kV


