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Overview

To date the connection of offshore wind farms ibjscted to a Maximum Export Capacity (MEC) set lieit
connection agreement with the Transmission Systger&or (TSO). Generators can export up to theaitrected
MEC, with any additional generation curtailed by thSO. However, the share of time an offshore Warth is
generating at its MEC tends to be low. Overplantimgoffshore wind farm by installing a higher wifadm capacity
compared to the fixed electrical infrastructure casult in better overall economics, but becauselvgpeeds and
wind farm component availabilities are uncertalrere are trade-offs between the probability of thoidal revenue
produced by capturing more wind and higher capitats of over-installation of turbines. Neverthsjethere is
enough evidence to suggest that overplanting aahtle further cost reductions in the maturing affehwind sector
[1-2]. The percentage of time an offshore wind fayperates at its MEC is an indication of the extenthich the
asset can profit from higher transmission util@atrates. This paper provides a framework to assesplanting
when developers, policy-makers or regulatory bodiesconfronted with trade-offs between cost ancertainty.
The paper sheds light onto which sites and teclyyedpecific factors make overplanting a viable optiFinally,
the findings of the paper are exemplified by anubidal case study where several offshore wind $arm
configurations are analysed.

Methods

The modelling approach to offshore wind cost anslpsesented in this paper is based around theh@fswind
Cost Analysis Tool (OWCAT) developed at the EDF figgeR&D UK Centre [3-7]. This cost modelling tooh$
been used in the past for comparative evaluationufiple sites, detailed evaluation of specifioject layouts and
sensitivity studies on both design/technology chsiand cost variations. The tool has been validatgihst cost
data from the Navitus Bay, Courseulles sur Mer Beert na Gaoithe projects and shown to be accuviilen
+15% for these cases. The model consists of foun medules: a wind farm design module, a cost datimn
module, a financial module and an overarching stettb module which allows inputs to be represertigd
probability distribution functions.

In order to determine the optimal size of an offsheind farm relative to its electrical infrastrua, factors such as
the wind speed, wind turbine and inter-array cabailabilities, electrical losses, wake effects #mal ratio of the
wind turbine expenditure to the grid connection &leen into consideration. This analysis takes athge of the
stochastic capabilities of the cost modelling taodl propagates the uncertainties of the wind spaddvailabilities
to the financial metric via a double-loop Monte IBa8imulation. The share of time the wind farm isqucing at
MEC is calculated within the Annual Energy Prodostmodule via an inner Monte Carlo simulation; uteiaties
in the wind speed, electrical losses and availasliare propagated to the AEP estimate. Furtherymeaike losses
are modelled by reducing the power avaible in timdvand a degradation factor is considered by deang the
energy produced by the wind turbines as the agsst & he outer Monte Carlo simulation models theettainty of
key variables such as the estimated mean wind sped@ losses, the degradation factor and theahbibiies.



Risk aversion is modelled by risk metrics origimhile the financial mathematics literature suchhes\falue at Risk
(VaR) and Conditional Value at Risk (CVaR). Wher®&adR gives the probability that a certain outcomevorse
than a given threshold, CVaR gives the expectedoou given that the value is worse than VaR, piogid
information on the extent to which values might enalise beyond the threshold amount indicated BR VT he risk
appetite of the developer, policy-maker or regulatindy is modelled as weighted averagef CVaR and expected
value, from O (risk neutrality) to 1 (extreme rikersion).

Results

Several offshore wind farm configurations are gsed in terms of its suitability to overplantingll &vind farm
configurations result in economic benefits when rplanting. However, the optimal amount of overpiagtis
dependent on site and technology-specific factbrsaddition to that, and given the fact that thimlgem is
embedded within the global framework of uncertaigtantification, where the variable of interesthis Levelised
Cost of Energy and the quantity of interest is pataised by the risk appetite of the developer a@icg-maker,
different optimal levels of overplanting are obtadnas a function of the risk appetite, site antirietogy-specific
factors.

Conclusions

Overplanting a wind farm by installing a higher difarm capacity compared to the fixed electricélastructure
results into further optimisation of offshore wifatms despite power output being curtailed at gaimr's peaks.
This paper has provided a framework to assess lawgipy when developers, policy-makers or regulatoodies
are confronted with trade-offs between cost ancettamty. Not only there is enough evidence tharplanting
results into better overall economics to offshoierdadevelopers but it can also provide significems$t savings for
electricity consumers through the system benefitsigher transmission utilisation, lower reservequrement and
some ancillary services, and should, thereforeaken into consideration when drafting future epqrglicy.
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