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Currently, the practice within the European offshore wind industry is for countries

to designate an offshore wind power zone within their Exclusive Economic Area

(EEA). This zone is then further divided into individual concessions which

are auctioned off to developers. Developers then optimize concessions

independently. As such, research on optimization of the transmission system

layout has been heavily focused at the scale of the individual concession,

ignoring the possible gains that come from current or future developments in

neighboring concessions within the same region. There is a significant

opportunity for both cost savings and increased system reliability by

optimizing an entire offshore wind zone prior to the development of

each individual concession. This work investigates these opportunities in the

cases of the Belgian North Sea and zone ”A” as designated by the

Facilitating Offshore Wind in India (FOWIND) consortium within the Bay of

Cambay in Gujurat India.

The objective of the optimization is the minimization of the lifetime cost of the

transmission system. The methodology employs 4 stages of optimization as

shown in Fig. 3. The first 3 stages are used to select an appropriate voltage

level for MVAC and HVAC networks, as well as to calculate an initial

solution and upper bound for solving the full size problem. The cascading

nature of the algorithm allows the best solution from the previous

optimization to be introduced as an initial solution and the objective function

value as a maximum upper bound in subsequent Mixed Integer Linear

Programs (MILPs), which helps to reduce computational time.

Building better, cheaper offshore transmission 

systems.
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Fig. 1. The as-built (left) and optimal (right) offshore Belgian transmission grid.  

The optimization considers both

AC and DC technology as well as

a number of different voltage

levels for both technologies. For AC

connections, the possibility of mid-

point compensation has been shown

to extend the economic range of

HVAC systems and is as such

considered in the selection of

candidate submarine cables.

Fig. 2. Economic regions per technology.  

Fig. 5. The 4 stage optimization algorithm.  

Fig. 5. The optimal offshore 

transmission system for Gujarat India.  

For regionally meaningful results,

input wind data must reflect well

local conditions. To achieve this,

profiles generated via the CorWind

software are used. CorWind generates

wind time series through a

combination of meteorological

reanalysis techniques and stochastic

simulations.

Fig. 4. Single/regional wind profiles.  

Fig. 3. Feasible connections.  

Table 1. Optimal OSS locations.  
Table 3. Ratings of HVAC OSS to 

OSS connections (CU).  

Table 2. Lengths of 66 kV connections 

(6-800 mm CU in parallel).  

Table 4. Ratings of HVAC OSS to 

PCC connections (CU). 

The optimal solution in the Bay of

Cambay was found to have a 66kV

MVAC network and a 220kV

transmission network. The total cost

of the system is 258M₹. The per MW

cost of the Indian transmission

system at 27M₹/MW, is more

expensive than that of the North Sea

despite the conglomeration of a much

larger area of generation. This is not a

surprising result, however, as

capacity factors are much lower.

I. A 26.6% savings over the existing installation in the Belgian region was found.

II.The optimal transmission voltages were 66 kV and 220 kV.

III. 66 kV MVAC connections allow for grouping of OSSs and lower cable losses.

IV. A further reduction could be obtained by adding a further optimization stage

which maintains the connection topology but minimizes cable length.

V. A natural grouping appeared between OWPPs based on which PCC they are

closest to. This could be leveraged in breaking down future large scale problems.
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